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EARPIECE WITH IN-EAR ELECTRODES

PRIORITY STATEMENT

[0001] This application claims priority to U.S. Provisional
Patent Application No. 62/416,537 titled Earpiece with
In-Ear Electrodes, filed Nov. 2, 2016, hereby incorporated
by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to wearable devices.
Particularly, the present invention relates to wireless ear-
pieces. More particularly, but not exclusively, the present
invention relates to wireless earpieces having electrodes.

BACKGROUND

[0003] There is growing market demand for personal
health monitors, for example, for gauging overall health and
metabolism of persons during exercise, athletic training,
dieting, and physical therapy. Various physiological infor-
mation, such as electrocardiogram (ECG) information, elec-
troencephalogram (EEG) information, electrooculography
(EOG) information, and other forms of physiological elec-
trical activity, may be useful to monitor during physical
activity. However, traditional monitors for measuring this
type of information may be bulky, rigid, non-portable, and
uncomfortable—generally not suitable for use during physi-
cal activity.

[0004] Current methods of receiving EEG signals are very
cumbersome and indiscreet. In order to get an accurate
reading of a user’s brain waves, a medical professional or a
person trained in electrode placement must place electrodes
at certain spots on a user’s head in order to obtain a usable
reading. Problems with this method include the need for
trained personnel to accurately place an electrode, attenua-
tion of the EEG signals due to the skull, and possible
infection from the electrode placement. Current research
suggests, however, EEG signals may be received using an
earpiece with electrodes attached at certain points make
contact with an ear surface of the user. Using this method
trained personnel are no longer needed and the EEG signal
is less attenuated due to electrode placement within the ear
canal. However, since the electrodes are so close together, it
is difficult to get a good signal due to reduced spatial
resolution and high impedances between the EEG electrodes
and the skin.

[0005] Therefore, what is needed is a system and method
of obtaining a usable EEG signal from a user using an
earpiece.

SUMMARY

[0006] Therefore, it is a primary object, feature, or advan-
tage of the present invention to improve over the state of the
art.

[0007] In some embodiments, an electronic device for
monitoring EEG data, may include one or more of the
following features: (a) a housing, (b) a processor disposed
within the housing, (c) at least one sensor operatively
connected to the processor, (d) at least two EEG electrodes
operatively connected to the processor and positioned on the
housing for receiving EEG signals from an ear surface, and
(e) a plurality of EEG electrodes, wherein the processor
measures the impedance of the plurality of EEG electrodes.
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[0008] In some embodiments a method of receiving an
EEG signal from an ear surface may include one or more of
the following steps: (a) transmitting a current to a plurality
of EEG electrodes, (b) receiving at least one sensor reading
from a sensor operatively connected to the processor, (c)
communicating, a voltage drop associated with of the plu-
rality of EEG electrodes to the processor, (d) determining an
impedance of each of the plurality of EEG electrodes, (e)
determining which of the impedances are below a pro-
grammed threshold for each of the plurality of EEG elec-
trodes, () transmitting an activation signal to the plurality of
EEG electrodes which have an impedance below the pro-
grammed threshold, (g) receiving an EEG signal from the
plurality of EEG electrodes which have an impedance below
the programed threshold, (h) determining which of the
plurality of electrodes do not have a reliable EEG signal
based upon the at least one sensor reading, (i) receiving a
sensor reading from a plurality of sensors, and (j) providing
areliable EEG signal based upon the EEG signal taken from
the plurality of EEG electrodes which have an impedance
below the programmed threshold and have the reliable EEG
signal based upon the at least one sensor reading.

[0009] Insome embodiments a system may include one or
more of the following features: (a) a first earpiece having a
housing, (b) a processor disposed within the housing, (c) at
least one sensor disposed within the housing and operatively
connected to the processor, wherein the at least one sensor
is configured to sense user data and communicate the user
data to the processor, and (d) a plurality of EEG electrodes
operatively connected to the processor and positioned on the
housing for receiving EEG signals from an ear surface,
wherein the processor transmits a current to each of the
plurality of EEG electrodes to determine an impedance from
each of the plurality of EEG electrodes and subsequently
communicates an activation signal to selected EEG elec-
trodes if the impedance associated with the EEG electrode is
below a programmed threshold.

[0010] One or more of these and/or other objects, features,
or advantages of the present invention will become apparent
from the specification and claims follow. No single embodi-
ment need provide each and every object, feature, or advan-
tage. Different embodiments may have different objects,
features, or advantages. Therefore, the present invention is
not to be limited to or by an objects, features, or advantages
stated herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Tllustrated embodiments of the disclosure are
described in detail below with reference to the attached
drawing figures, which are incorporated by reference herein.
[0012] FIG. 1 is a pictorial representation of a smart case
and wireless earpieces in accordance with an illustrative
embodiment;

[0013] FIG. 2 is a pictorial representation of wireless
earpieces having electrodes in accordance with an illustra-
tive embodiment;

[0014] FIG. 3 is a pictorial representation of an earpiece
with a plurality of EEG electrodes placed within a user’s ear
in accordance with an illustrative embodiment;

[0015] FIG. 4 is a block diagram of a wireless earpiece in
accordance with an illustrative embodiment;

[0016] FIG. 5is a block diagram of a wireless earpiece in
accordance with an illustrative embodiment;
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[0017] FIG. 6 is a block diagram for modifying a function
of an earpiece using an EEG signal in accordance with an
illustrative embodiment; and

[0018] FIG. 7 is a block diagram for providing a large
electrode in accordance with an illustrative embodiment.

DETAILED DESCRIPTION

[0019] The following discussion is presented to enable a
person skilled in the art to make and use the present
teachings. Various modifications to the illustrated embodi-
ments will be readily apparent to those skilled in the art, and
the generic principles herein may be applied to other
embodiments and applications without departing from the
present teachings. Thus, the present teachings are not
intended to be limited to embodiments shown, but are to be
accorded the widest scope consistent with the principles and
features disclosed herein. The following detailed description
is to be read with reference to the figures, in which like
elements in different figures have like reference numerals.
The figures, which are not necessarily to scale, depict
selected embodiments and are not intended to limit the scope
of the present teachings. Skilled artisans will recognize the
examples provided herein have many useful alternatives and
fall within the scope of the present teachings. While embodi-
ments of the present invention are discussed in terms of
wearable devices and obtaining a useful signal from an
onboard electrode, it is fully contemplated embodiments of
the present invention could be used in most any electronic
communications device without departing from the spirit of
the invention.

[0020] While the present invention will be discussed,
shown and illustrated as embodiments for a smart case and
wireless earpieces, the inventor(s) fully contemplate
embodiments of the present invention can be extended to all
electronics and particularly to all mobile electronic devices
and more particularly to all mobile electronic devices having
or needing a connection to another electronic device in order
to charge and/or communicate data. Examples of these
devices include mobile phones, fitness monitoring devices,
such as watches, eyewear, belts, etc. and implantable
devices. Embodiments of the present invention can also be
extended to electronic medical device applications as well
including any devices which monitor and/or record physi-
ological data and then download or report this data to a host
device. The present invention could also be extended to
other form of earpieces such as custom mold earpieces
and/or visoelastic earplugs or earpieces. The inventor(s)
further acknowledge there are many more electronic devices
the present invention could be applied towards, which have
not been named in the paragraph above. Therefore, the
illustrative embodiments listed below in no way should be
interpreted to limit the scope of embodiments of the present
invention.

[0021] Embodiments of the present invention, discussed in
great detail below, show many aspects of the current inven-
tion. An embodiment of the present invention details deter-
mining ideal locations and/or specific electrode(s) from
which to receive an EEG signal. Another embodiment of the
present invention details, being able to continuously deter-
mine ideal locations and or specific electrode(s) to receive
an EEG signal. Another embodiment of the present inven-
tion details using sensor readings to ascertain ideal locations
and/or electrode(s) to receive an EEG signal. Another
embodiment of the present invention details using a differ-
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ential amplifier in order to reduce common mode noise
(when transmitting data, wires can act as antennas pick up
a signal “noise” and this is undesirable). Another embodi-
ment of the present invention details modifying one or more
functions of a wireless earpiece based upon interpreted brain
wave input.

[0022] In another embodiment, a wireless earpiece has a
housing, a processor disposed within the housing, one or
more sensor(s) operatively connected to the housing and the
processor, and one or more EEG electrode(s) operatively
connected to the processor and positioned on the housing for
receiving EEG signals from an ear surface. Two or more of
the EEG electrode(s) are positioned to contact an outer
surface of an ear and to contact an inner surface of an ear
canal.

[0023] One or more of the following features may be
included in embodiments of the present invention. One or
more of the sensor(s) may comprise an MEMS gyroscope
(vibrating structure microelectromechanical systems), an
electronic magnetometer (an instrument measuring magne-
tism—either the magnetization of a magnetic material like a
ferromagnet, or the direction, strength, or relative change of
a magnetic field at a particular location), or an electronic
accelerometer (a device measuring acceleration). A differ-
ential amplifier (a device which amplifies the difference
between two or more signals) may be disposed within the
housing and operatively connected to each EEG electrode
and the processor. The differential amplifier may further
comprise at least one analog filter. An analog-to-digital
converter may be disposed within the housing and opera-
tively connected to the processor and the differential ampli-
fier.

[0024] In another embodiment, a method of receiving an
EEG signal from an ear surface using an earpiece is dis-
cussed in great detail below. The method includes transmit-
ting, via a processor, a current to each EEG electrode and the
processor receiving one or more sensor readings from a
sensor operatively connected to the earpiece. Based upon
this received sensor data, certain EEG electrodes may not be
used to obtain data based upon a certain activity the user is
performing which may make certain EEG electrodes unre-
liable or the data from them faulty. A voltage drop occurs at
each EEG electrode based upon the current sent to the EEG
electrode by the processor. and the processor obtains and
records this voltage drop. From this voltage drop, the
processor can calculate an impedance of each EEG electrode
and determine which impedances are below a programmed
threshold. The programmed threshold being an impedance
below a certain level in which reliable data can be obtained
from the EEG electrode. The processor sends an activation
signal to the EEG electrodes based upon both the sensor
readings and the impedances for each EEG electrode. The
processor then receiving back a reliable EEG signal
[0025] One or more of the following features may be
included in embodiments of the present invention. One or
more BEEG electrodes may be positioned on a surface within
an ear canal. Specifically, the EEG electrodes may be
positioned on a concha, fossa, antihelix, antihelical fold or
the scapha. The EEG signal may be further amplified by a
differential amplifier to create an amplified EEG signal. The
amplified EEG signal may be further filtered by the differ-
ential amplifier to create a filter amplified EEG signal. The
filter amplified EEG signal may be sampled with an analog-
to-digital converter to create a sampled filtered amplified
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EEG signal. The sampled filtered amplified EEG signal may
be used to modify one or more functions of the earpiece.
[0026] One or more of the following features may be
included to the embodiments listed below. User data may
comprise motion data, which would be detected by sensors.
The differential amplifier amplifies the difference between
the voltages of two separate EEG signals to reduce common
mode noise in the two separate EEG signals to create an
amplified EEG signal. The differential amplifier may have a
high pass filter and a low pass filter. An analog-to-digital
converter may be disposed within the housing operatively
connected to the processor and the differential amplifier, and
the analog-to-digital converter samples the amplified EEG
signal and communicates a sampled amplified EEG signal to
the processor. The amplified EEG signal may be sampled at
a rate at the Nyquist rate.

[0027] With reference to FIGS. 1 & 2, these figures show
a pictorial representation of a smart case 102 and wireless
earpieces 142, 144 in accordance with an illustrative
embodiment. Throughout the invention disclosure reference
will be sometimes made to only one of wireless earpieces
142, 144; however, it is to be understood any discussion of
one wireless earpiece 142 can be applied to the other
wireless earpiece 144 unless clearly pointed out in an
embodiment of the present invention. The smart case 102
may be an open or enclosed case for securing, charging and
managing the wireless earpieces 142, 144. The wireless
earpieces 142, 144 may be referred to as a pair (wireless
earpieces) or singularly (wireless earpiece). The description
may also refer to components and functionality of each of
the wireless carpieces 142, 144 collectively or individually.
In one embodiment, the wireless earpieces 142, 144 include
a set of left and right ear pieces configured to fit into a user’s
ears. The wireless earpieces 142, 144 may be configured to
play music or audio, receive and make phone calls or other
communications, determine ambient environmental read-
ings (e.g., temperature, altitude, location, speed, heading,
etc.), read user biometrics and actions (e.g., heart rate,
motion, sleeping, efc.).

[0028] Inanother embodiment, the wireless earpieces 142,
144 may represent wireless devices, which may be ingested
or implanted into a user. For example, the smart case 102
may be configured to work with endoscopic pills, pacemak-
ers, tracking devices, contact lenses, oral implants, bone
implants, artificial organs or so forth. The smart case 102
may act as a logging tool for receiving information, data, or
measurements made by the wireless devices. For example,
the smart case 102 may be attached to a belt (e.g., belt clip,
strap, etc.) or worn by the user to download data from the
wireless device(s) in real-time. As a result, the smart case
102 may be utilized to store, charge, and synchronize data
for the wireless earpieces 142, 144 in any number of
embodiments.

[0029] The smart case 102 encloses a battery, and various
other circuitry. The battery of the smart case 102 may be
utilized to charge the wireless earpieces 142, 144 through
direct contact or wirelessly. As a result, the smart case 102
may act as a custom charger for ensuring the proper power
management and functionality of the wireless earpieces 142,
144. For example, the battery of the smart case 102 may be
utilized to charge the wireless earpieces 142, 144 any
number of times before the smart case 102 and correspond-
ing battery may require charging. In one embodiment, the
smart case 102 may include one or more solar panels, or
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surfaces configured to charge the smart case 102 utilizing
ambient or direct sunlight. The smart case 102 ensures the
duty cycle of the wireless earpieces 142, 144 are maximized
by properly maintaining power levels. For example, the
smart case 102 may keep the wireless earpieces 142, 144
fully charged during a time period of inactivity, such as
before being purchased (e.g., on a shelf or as part of
inventory) or one purchased.

[0030] In one embodiment, the smart case 102 include a
housing 103. The housing 103 is a support structure for the
components of the smart case 102 and may be formed of a
rigid plastic, polymer, or other similar material. However,
any number of other suitable materials, such as composites,
rubber, wood, metal, or so forth, may be utilized. The
housing 103 defines receptacles 104, 106 are configured to
receive the wireless earpieces 142, 144, respectively. In one
embodiment, the receptacles 104, 106 are shaped to fit the
external size, shape, and configuration of the wireless ear-
pieces 142, 144.

[0031] As a result, an interface fit may secure the wireless
earpieces 142, 144 within the housing 103 while the smart
case 102 is being moved or otherwise utilized. In one
embodiment, the smart case 102 may include a hinged,
magnetic, sleeve, or snap on lid or cover may cover the
wireless earpieces 142, 144 when positioned within the
receptacles 104, 106 of the smart case 102. For example, the
cover may make the smart case 102 waterproof and further
secure the wireless earpieces 142, 144. In another embodi-
ment, the smart case 102 may also include a removable
cover (e.g., neoprene, zip up, snapping, etc.). In yet another
embodiment, the cover encases a screen, such as a touch
screen. The screen may roll, bend or adapt to the shape and
configuration of the smart case 102. The touch screen may
also be transparent. In one embodiment, the smart case 102
may be hermetically sealed and waterproof when the cover
is secured. The smart case 102 may also include one or more
speakers for playing music, indicating a status of the wire-
less earpieces 142, 144 or otherwise communicating infor-
mation to the user. Likewise, actuators may be utilized to
provide tactile feedback to the user. The case may have at
least one button or other manual input. The button may be
touch sensitive, lighted, or mechanical. There also may be a
light such as a LED in location.

[0032] The smart case includes interfaces 108, 110 within
the receptacles 104, 106. The interfaces 108, 110 are hard-
ware interfaces for electrically connecting the wireless ear-
pieces 142, 144 to the smart case 102. The interfaces 108,
110 may include any number of contact points, busses,
wires, or other physical connectors for interfacing the wire-
less earpieces 142, 144, with the smart case 102. The
interfaces 108, 110 may alternatively include inductive
chargers for charging the wireless earpieces 142, 144. In
another embodiment, the interfaces 108, 110 may represent
male or alternatively female) connectors for interfacing with
the wireless earpieces 142, 144, such as micro-USB, or other
developing miniature external connectors. The interfaces
108, 110 may be utilized to charge the wireless earpieces
142, 144. The interfaces 108, 110 may also be utilized to
synchronize data between the wireless earpieces 142, 144.
As previously noted, wireless charging is also contemplated
utilizing an inductive charger integrated in the smart case
102 or other charging devices compatible with the wireless
earpieces 142, 144.
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[0033] Inanother embodiment, the wireless earpieces 142,
144 and the smart case 102 may interact to control a device
reset function. For example, the wireless earpieces 142, 144
may synchronize captured data with the smart case 102
before moving to a low power mode in anticipation of being
charged. A switch may be activated mechanically, magneti-
cally, inductively, electrically, or wirelessly in anticipation
of being charged. For example, the smart case 102 may
lower the power mode of the wireless earpieces 142, 144 in
response to contacts of the wireless earpieces 142, 144
coming in contact with the interfaces 108, 110. For example,
the smart case 102 may detect a change in resistance when
the wireless earpieces 142, 144 are electrically connected to
the interfaces 108, 110 to perform the processes herein
described. In another embodiment, each of the interfaces
108, 110 may include a switch activated when one of the
wireless earpieces 142, 144 is positioned within the recep-
tacles. The interfaces 108, 110 may also include a pin when
depressed or contacted by one of the wireless earpieces 142,
144 turns off the wireless earpieces 142, 144. Control of the
wireless earpieces 142, 144 may be controlled by the smart
case 102, the wireless earpieces 142, 144 themselves, or may
be shared between devices.

[0034] In one embodiment, the interfaces, 108, 110 or
another portion of the smart case 102 as well as the wireless
earpieces 142, 144 may include a near field communication
(NFC) chip for communications. For example, NFCs may
determine the wireless earpieces 142, 144 are proximate the
smart case 102 for performing power management. NFC
may also be utilized to identify the wireless earpieces 142,
144 associated with a particular smart case 102. In other
embodiments, different communications protocols (e.g.,
Bluetooth, Wi-Fi, etc.), standards, or passive readers radio
frequency identification tags, etc.) may be utilized for the
wireless earpieces 142, 144 to communicate with the smart
case 102. For example, the smart case 102 may power off the
wireless earpieces 142, 144 in response to being placed in or
near the smart case 102. The smart case 102 may be
programmed with a threshold distance (e.g.. 10 cm, 1 foot,
etc.) to determine when the wireless earpieces 142, 144 are
proximate the smart case 102 or may rely on the inherent
maximum communications distances of the wireless stan-
dard or protocol being utilized (e.g., NFC, RFID, etc.).

[0035] With reference to FIG. 2, a pair of earpieces 150
which includes a left earpiece 142 and a right earpiece 144.
The wireless earpieces 142, 144 have a housing 152. The left
earpiece 142 and the right earpiece 144 may be configured
to substantially encompass an outer opening of a user’s ear
canal (see FIG. 3) and/or fit within the user’s ear canal in
order to maximize the amount of space available to place an
EEG electrode 180. The housing 152 may be composed of
metallic material, plastic material, or any material with
substantial resistance to shear and tensile forces and may
also be configured to be soundproof or waterproof. EEG
electrodes 180 may be located anywhere on housing 152
conducive to obtaining a EEG signal from an ear surface and
more EEG electrodes than the three shown on each earpiece
may be found on housing 152. A microphone 160 is shown
and may be located anywhere on the wireless earpieces 142,
144 and each microphone 160 may be configured to receive
one or more voice commands. Speaker 170 may be config-
ured to communicate audio sound 190. The audio sound 190
may be communicated to the user or a third party and
speaker 170 may also be configured too short out if the
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sound intensity of the audio sound 190 is too high or
otherwise surpasses a given threshold, which may be pre-
programmed into a processor 414 (FIG. 4), a memory device
540 (FIG. 5), or set by the user or a third party.

[0036] FIG. 3 illustrates a side view of the earpiece 144
and its relationship to a user’s ear. The earpiece 144 may be
configured to minimize the amount of external sound reach-
ing the user’s ear canal 356 and/or to facilitate the trans-
mission of the audio sound 190 from the speaker 170 to a
user’s tympanic membrane 358. The earpiece 144 may also
have a plurality of EEG electrodes 180 positioned through-
out the outside of the earpiece 144. The EEG electrodes 180
may be of any size or shape capable of receiving an EEG
signal and may be positioned anywhere along the housing
152 conducive to receiving an EEG signal. A gesture control
interface 328 is shown on the exterior of the earpiece 144.
The gesture control interface 328 may provide for gesture
control by the user or a third party such as by tapping or
swiping across the gesture control interface 328, tapping or
swiping across another portion of the earpiece 144, provid-
ing a gesture not involving the touching of the gesture
control interface 328 or another part of the earpiece 144, or
through the use of an instrument configured to interact with
the gesture control interface 328. A MEMS gyroscope 332,
an electronic magnetometer 334, an electronic accelerom-
eter 336 and a bone conduction microphone 338 are also
shown on the exterior of the housing 152. The MEMS
gyroscope 332 may be configured to sense rotational move-
ment of the user’s head and communicate the data to a
processor, wherein the data may be used in removing any
artifacts found in an EEG signal. The electronic magnetom-
eter 334 may be configured to sense a direction the user is
facing and communicate the data to the processor, which,
like the MEMS gyroscope 332, may be used in removing
artifacts from one or more EEG signals. The electronic
accelerometer 336 may be configured to sense the force of
the user’s head when receiving EEG signals, which may be
used by the processor in removing sound artifacts related to
head movement. The bone conduction microphone 338 may
be configured to receive body sounds from the user, which
may be used by the processor or the differential amplifier
520 (FIG. 5) in filtering out unwanted sounds or noise from
an EEG signal. The speaker 170 is also shown and may
communicate the audio sound 190 in any manner conducive
to facilitating the audio sound 190 to the user’s tympanic
membrane 358.

[0037] FIG. 4 shows a wireless earpiece 144 having an
housing 152, a processor 414 disposed within the housing
152, at least one sensor 416 operatively connected to the
earpiece housing 152 and the processor 414, and a plurality
of EEG electrodes 418 operatively connected to the housing
152 and the processor 414, wherein at least one EEG
electrode 418 is positioned to contact an outer surface of an
ear canal and at least one EEG electrode 418 is positioned
to contact an inner surface of an ear canal 356. The housing
152 may be made of any material suitable to hold each
component of the earpiece 142, 144 together, which may
include metallic, plastic, one or more polymers, or a com-
bination thereof, and the housing 152 may be able to
withstand a drop of more than three meters without breaking
or having a component become loose or broken. The pro-
cessor 414 may be positioned at any location within the
housing 152 which is conducive to receiving or processing
EEG signals and sensor readings and may have one or more



US 2018/0116514 Al

additional electrical components operatively connected to
processor 414 at any given time. One or more sensors 416
are operatively connected to the housing 152 and the pro-
cessor 414 and positioned to sense user data from the user.
One or more sensors 416 may comprise a MEMS gyroscope
332, an electric accelerometer 336, a bone conduction
microphone 338, or any type of sensor conducive to helping
the processor 414 read an EEG signal. As discussed briefly,
the processor 414 can use the data from the sensors 416 in
several ways. The processor 414 can receive data from the
sensors 416, which would cause processor 414 to reject any
input from certain electrodes 418 (i.e., certain movement or
noise). The processor can also use the data from the sensors
416 to perform filtering of the electrode signal to eliminate
any distortion or noise on the electrode signal, thus provid-
ing a better electrode signal. This decision process could be
programmed into the processor based upon set limits or
tolerances based on signals coming from each of the sensors
or for the totality of the sensors.

[0038] For example, a MEMS gyroscope 332 may pro-
duce one or more currents due to one or more vibrating
masses in response to a user head movement (which causes
noise to appear on a EEG signal) in two or three axes via the
Coriolis effect, which may be communicated to the proces-
sor 414 for determination of a head position. An electronic
accelerometer 336 may produce a voltage in response to a
user head movement (which causes noise to appear on a
EEG signal) which causes a capacitance differential between
two charged microstructures due to the user’s head move-
ment, which may be communicated to the processor 414 for
determination of a head acceleration. Or a bone conduction
microphone 338 may measure sounds from the body and
communicate them to the processor 414, which may be used
to improve the signal quality of one or more EEG signals.

[0039] A plurality of EEG electrodes 418 are operatively
connected to the housing 152 and the processor 414, wherein
at least one EEG electrode 418 is positioned to contact an
outer surface of an ear surface and at least one EEG
electrode 418 is positioned to contact an ear canal surface.
The EEG electrodes 418 may have an outer surface com-
posed of silver chloride to reduce the impedance between
the electrode and the skin, and a conductive gel may be
applied to the EEG electrodes 418 if necessary. An EEG
electrode 418 positioned on either the outer or inner surface
of the ear may act as a reference point to measure one or
more EEG signals, and in some preferred embodiments a
voltage of a single EEG signal is measured at two different
electrodes relative to a reference electrode in order to
improve signal quality by allowing a differential amplifier to
remove any common mode gain present in both signals. An
electronic filter may also be present to filter out any noise,
usually in the 50-60 Hertz range, caused by consumer
electrical appliances or gadgets or poor connections between
the EEG electrodes 418 and one or more ear surfaces.

[0040] FIG.5isablock diagram of a system of an earpiece
144 comprising an housing 152, a processor 414 operatively
connected to the housing 152, one or more sensors 416,
which may comprise a MEMS gyroscope 332, an electronic
magnetometer 334, an electric accelerometer 336 or a bone
conduction microphone 338, operatively connected to the
housing 152 and the processor 414, a plurality of EEG
electrodes 418 operatively connected to the housing 152, a
differential amplifier 520 operatively connected to the hous-
ing 152 and each EEG electrode 418, an analog-to-digital

May 3, 2018

converter 522 operatively connected to the housing 152,
processor 414, and differential amplifier 520, a wireless
transceiver 524 operatively connected to the housing 152
and the processor 414, a microphone 160 operatively con-
nected to the housing 152 and the processor 414, a gesture
control interface 328 having an emitter 546 and a detector
548 operatively connected to the housing 152 and the
processor 414, a speaker 170 operatively connected to the
housing 152 and the processor 414, a memory device 540
operatively connected to the housing 152 and the processor
414, a short range transceiver 542 operatively connected to
the housing 152 and the processor 414, and LEDs 544
operatively connected to the housing 152 and the processor
414.

[0041] The processor 414 is disposed within the housing
152 and operatively connected to one or more sensors 416,
each EEG electrode 418, the analog-to-digital converter 522,
the wireless transceiver 524, the gesture control interface
328, the speaker 160, the memory device 540, the trans-
ceiver 542, LEDs 544, and an energy source 545. The
processor 414 may transmit a measurement signal of a
known current to each EEG electrode in order to ascertain an
impedance associated with each EEG electrode 418 via a
voltage drop across each EEG electrode 418. The processor
414 may perform this continuously or intermittently at a
synchronous or asynchronous rate, keeping in mind the
measurement signal may interfere with any EEG signal
measurements by an EEG electrode 418. Thus these mea-
surement signals will need to be properly timed so as to not
add to the problem the present invention aims to solve,
namely bad or corrupted EEG data from electrodes 418. The
processor 414 may receive digital signals from an EEG
electrode 418, which have been sampled by an analog-to-
digital converter 522 and amplified and filtered by the
differential amplifier 520, in which the digital signals may be
used to control the earpiece 144. For example, the EEG
electrode 418 may measure changes in a user’s mu waves
(mu waves, also known as mu rhythms, comb or wicket
rhythms, arciform rhythms, or sensorimotor rhythms, are
synchronized patterns of electrical activity involving large
numbers of neurons, and are most prominent when the body
is physically at rest) during the performance of a certain
action, such as tapping the tips of their right index finger and
thumb together, which may be communicated to the pro-
cessor 414 and used to turn the earpiece 144 on or off. The
processor 414 may process the waves using, for example, a
Fourier transform to decompose the EEG signal into its
frequency components from an algorithm stored on the
memory device 540 or within the processor 414 itself in
order to obtain a usable signal. In addition, the processor 414
may receive one or more signals from a wireless transceiver
524, a gestural control interface 328, a memory device 540,
LEDS 544, or a short range transceiver 542, which may be
used to communicate information from the processor 414 or
communicate information to the processor 414 to be used to
control, change or otherwise modify one or more functions
of the earpiece 144, such as modality.

[0042] One or more sensors 416 may be operatively
connected to the housing 152, the processor 414, and the
analog-to-digital converter 522 and may sense one or more
pieces of user data from the user or a third party. The sensors
416 may sense motion data, biological data, or environmen-
tal data which may be used to assist the earpiece 144 in
determining whether data from an EEG electrode 418 should
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be used or is usable. For example, a MEMS gyroscope 332
installed within the earpiece 144 may produce one or more
currents in response to one or more head movements from
the user. This gyroscope current or signal could be used by
the processor 414 to determine a head position, which may
be used in conjunction with the EEG signal to ascertain a
user gesture to control one or more functions of the earpiece
10. For example, gyroscope may send a signal indicative of
a head nod, which is confirmed by the EEG signal and thus
a phone call coming in on earpiece 144 could be answered
based upon the head nod. Further, an electronic magnetom-
eter 34 installed within the earpiece 10 may be used to
measure the direction the user is facing through one or more
voltages proportional to the strength and polarity of the
Earth’s magnetic field which may be used by the processor
414 in ascertaining a head movement relative to a fixed
direction or to refine one or more measurements from other
sensors 316. An electronic accelerometer 336 may produce
a voltage in response to a user head movement may be used
by the processor 414 to determine one or more accelerations
related to the user and/or refine one or more EEG signals.
And/or a bone conduction microphone 338 may measure
sounds from the body and communicate them to the pro-
cessor 414, which may be used to improve the signal quality
of one or more EEG signals. However, the measurements
taken by one or more of the aforementioned sensors 316
need not be related to the measurement of an EEG signal at
all and can be used independently of the EEG signals as
well.

[0043] One or more EEG electrodes 418 may be opera-
tively connected to the housing 152, the processor 414 and
the differential amplifier 20 and may be positioned anywhere
on the surface of the earpiece 144 conducive for sensing an
EEG signal from an ear surface. In at least one embodiment,
at least one EEG electrode 418 should be positioned to
receive an EEG signal from an outer ear surface and at least
one EEG electrode 418 should be positioned to receive an
EEG signal from an inner ear surface. One or more EEG
electrodes 418 positioned on the outer ear surface may be
used as a reference electrode in ascertaining an EEG signal,
as more than one reading of an EEG signal should be
obtained as the signal-to-noise ratio of an EEG signal is
typically quite low. The EEG electrodes 418 will receive a
current from the processor 414 in order to ascertain the
impedances from a voltage drop associated with each EEG
electrode 418 in order to determine which EEG electrodes
418 are good candidates to read an EEG signal from. EEG
electrodes 418 having lower impedances obtain better qual-
ity signals than EEG electrodes 418 having higher imped-
ances. EEG electrodes 418 having a sufficiently low imped-
ance will receive an activation signal from the processor 414
to receive one or more EEG signals from the user. More than
one EEG electrode 418 may receive the activation signal
from the processor 414, and the activated EEG electrodes
418 may receive more than one EEG signal and may receive
one or more EEG signals continuously or discretely. If the
impedance of one of the activated EEG electrodes 418
becomes too high after receiving another activation signal
from the processor 414 then processor 414 will stop using
this electrode 418 for any further processing until the
impedance drops below the predetermined acceptable level.

[0044] A differential amplifier 520 may be operatively
connected to the housing 152, the processor 414, and each
EEG electrode 418 and may be configured to improve the
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signal quality of each EEG signal received from the EEG
electrodes 418. The differential amplifier 520 may remove
any common mode noise present in the EEG signals
received from the EEG electrodes and may also filter out
noise received from outside electrical sources such as con-
sumer electronic devices or appliances. For example, the
differential amplifier 520 may remove common mode noise
by subtracting the sum of all voltages received by the
amplifier divided by the number of signals from each signal
and subsequently amplifying the difference. The amplifica-
tion may be anywhere from ten times to over ten thousand
times, but too high an amplification may risk damaging one
or more components of the earpiece 144. The differential
amplifier 520 may remove other noise, such as noise
received from consumer electronics in the 50-60 Hertz range
and artifacts due to sweating or other user movement
through one or more filters within the differential amplifier
520 itself. The filters may be passive high-pass filters,
passive low-pass filters, quartz filters, or any other type of
filter conducive to removing noise with frequencies.

[0045] An analog-to-digital converter 522 may be opera-
tively connected to the housing 152, the processor 14, and
the differential amplifier 520 and may receive EEG signals
amplified and/or filtered by the differential amplifier 520,
signals amplified and filtered from other components of the
earpiece or signals directly from other parts of the earpiece
144. The analog-to-digital converter 522 may be an 8-bit,
12-bit, or higher bit converter, and may sample each signal
it receives at a rate twice as high or more than the frequency
of the signal in order to preserve the informational quality of
the signal. The sampling frequency may be preset or inferred
from the received signal. For example, the analog-to-digital
converter 522 may receive an EEG signal with a higher than
normal frequency due to amplification which may be higher
than one-half the sampling rate, in which case the analog-
to-digital converter 522 may readjust the sampling fre-
quency upward in order to maintain the informational qual-
ity of the signal.

[0046] A wireless transceiver 524 may be operatively
connected to the housing 152 and the processor 414 and may
be configured to receive one or more signals from and
transmit one or more signals to one or more external
electronic devices. Any signals received by the wireless
transceiver 524 may be transmitted to the processor 414 for
further processing. The external electronic devices the wire-
less transceiver 524 may be configured to receive signals
from include Bluetooth devices, mobile devices, desktops,
laptops, tablets, modems, routers, communications towers,
cameras, watches, third-party earpieces, earpieces, or other
electronic devices capable of transmitting or receiving wire-
less signals. The signals received or communicated by the
wireless transceiver 524 may encode for sound, instructions,
or information which may be used in conjunction with the
operation of the EEG electrodes 418. For example, a
researcher performing tests on brain function may wish to
have the EEG signals transmitted to a laptop or desktop
computer for further study, or a user of the earpiece 144 may
wish to download one or more applications related to using
brain waves to control the earpiece 144. The wireless
transceiver 524 may receive or transmit more than one
signal simultaneously.

[0047] One or more microphones 160 may be operatively
connected to the housing 152 and the processor 414 and may
be configured to receive one or more voice commands which
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may be used to control one or more aspects of how the
earpiece 144 handles one or more EEG signals. For
example, the user may issue a voice command to cease
receiving EEG signals, such as, “Stop receiving EEG sig-
nals” or something similar which is understood by the
earpiece 144. In addition, the user may issue a voice
command setting a sampling rate of the analog-to-digital
converter 522 or how much a signal should be amplified to
the differential amplifier 520. Other voice commands related
to earpiece 144 functions but unrelated to EEG signal
processing may be issued as well.

[0048] A gesture control interface 328 having at least one
emitter 546 and a detector 548 may be operatively connected
to the housing 152 and the processor 414 and may be
configured to allow the user or a third party to control one
or more functions of the earpiece 144. For example, a menu
may be prompted through the use of a gesture with the
gestural control interface 328, which may allow the user or
a third party to set the sampling rate of the analog-to-digital
converter 522, adjust the amplification ratio of any signals
received by the differential amplifier 520, turn the earpiece
on or off, or other functions unrelated to EEG signals such
as listen to a song, playlist, newscast, podcast, or a weather
report received through the wireless transceiver 524 or
stored on the memory device 540, obtain information on the
user’s current surroundings, or anything else may be of
interest to the user or a third party, and the aforementioned
list is non-exclusive. The selections may be chosen through
the use of one or more additional gestures or through the use
of one or more voice commands from the user and/or a third
party. The types of gestures may be used with the gesture
control interface 328 to control the earpiece 144 include,
without limitation, touching, tapping, swiping, use of an
instrument, or any combination of the aforementioned ges-
tures. Touching gestures used to control the earpiece 144
may be of any duration and may include the touching of
areas not part of the gesture control interface 328. Tapping
gestures used to control the earpiece 144 may include one or
more taps and need not be brief. Swiping gestures used to
control the earpiece 144 may include a single swipe, a swipe
changes direction at least once, a swipe with a time delay, a
plurality of swipes, or any combination of the aforemen-
tioned. An instrument used to control the earpiece 144 may
be electronic, biochemical or mechanical, and may interface
with the gesture control interface 328 either physically or
electromagnetically.

[0049] A speaker 170 may be operatively connected the
housing 152 and the processor 414 and may be configured
to produce audio output derived from one or more signals
from the wireless transceiver 524, the memory device 540,
or the short range transceiver 542. The audio output con-
veyed by the speaker 170 may concern EEG functions or
may relate to media or information the user desires to hear.
Also, the speaker 170 may short out if the audio output
exceeds a certain decibel level, which may be preset or
programmed by the user or a third party.

[0050] A memory device 540 may be operatively con-
nected to the housing 152 and the processor 414 and may be
configured to store data, files, programs, or other informa-
tion. The memory device 540 may store programs related to
creating a measurement signal to measure an EEG electrode
impedance, processing an EEG signal, amplifying an EEG
signal, filtering an EEG signal, sampling an EEG signal,
modifying an EEG signal, or programs unrelated to the
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reception and processing of an EEG signal. The memory
device 540 may also contain programs related to storing
information encoded in signals received by the wireless
transceiver 524, transmitting files and/or communicating
information via either the wireless transceiver 524 or the
speaker 170 or instructions related to the operation of the
earpiece 144. Information encoded in signals received by the
wireless transceiver 524 may relate to algorithms for pro-
cessing, amplifying, or filtering EEG signals or topics unre-
lated to EEG signal processing such as music, sounds,
instrumentals, words, soundtracks, newscasts, podcasts,
entertainment shows, commentary, advertisements, instruc-
tions, information, or anything else media or information
related may be communicated by the speaker 170. Preloaded
files may consist of programs required by the earpiece 144
to operate basic functions or troubleshoot one or more
components of the earpiece 144 or another program.

[0051] A short range transceiver 542 may be disposed
within the housing 152 and may be configured to receive
signals from and to transmit signals to another transceiver
disposed within another electronic device or even another
earpiece. The short range transceiver 542 may receive or
transmit more than one signal simultaneously. The short
range transceiver 542 may be of any number of types
including a near field magnetic induction (NFMI) trans-
ceiver as discussed in detail above.

[0052] One or more LEDs 544 may be operatively con-
nected to the housing 152 and the processor 414 and may be
configured to emit light in order to convey information to a
user concerning the earpiece 144. The LEDs 544 may be
located at any position on the earpiece 144 suitable for
viewing by the user or a third party and may consist of as
few as one diode which may be provided in combination
with a light guide. In addition, the LEDs 544 may be
discernable by a human eye or an electronic device and need
not have a minimum luminescence.

[0053] An energy source 545 may be operatively con-
nected to all of the components within the earpiece 144 and
may be configured to store and release charge. The charge
may come preinstalled with the earpiece 144, as may be the
case with a battery, or the charge may derive from one or
more signals from a wearable device, an external electronic
device, such as smart case 102, or a combination of the
aforementioned, as may be the case with a capacitor receiv-
ing one or more signals from a transceiver. The charge stored
within the energy source 545 may be used to power one or
more components of the earpiece 10. In addition, alternative
battery-less power sources, such as thermal harvesting ele-
ments which create energy from a voltage generated by
temperature differentials between a user’s skin and the
ambient environment (all of which are operatively con-
nected to one or more earpiece 144), may be used to power
the earpiece 144 as well.

[0054] FIG. 5 illustrates a flowchart of one embodiment of
receiving an EEG signal from an ear surface using an
earpiece 144. First, in step 602, a processor transmits a
current to each EEG electrode 148. The current is a known
quantity so an impedance may be calculated from the
voltage drop across each EEG electrode 148.

[0055] In step 604, one or more sensors 416 receives at
least one sensor reading. The sensor readings may be related
to environmental data affecting EEG electrode readings or
may be related to motion data picked up by a MEMS
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gyroscope 332, an electronic magnetometer 334, an elec-
tronic accelerometer 336 or a bone conduction microphone
338.

[0056] 1In step 606, the voltage drop associated with each
EEG electrode 148 is communicated to the processor 414.
The signal may be converted into a digital form by the
analog-to-digital converter 522 before being sent to the
processor 414.

[0057] 1In step 608, the sensor readings from at least one
sensor 416 are communicated to the processor 414. The
sensor readings may originate from an environmental sensor
or a motion sensor such as a MEMS gyroscope 332, an
electronic magnetometer 334 or an electronic accelerometer
336 and the sensor readings may be used by the processor
414 or differential amplifier 520 in removing artifacts pres-
ent in one or more EEG signals.

[0058] Instep 610, the processor determines an impedance
associated with the voltage drop across each EEG electrode
418. The processor 414 may use an algorithm programmed
within the processor or a memory device 540 operatively
connected to the processor 414 to determine the impedances,
and the processor 414 may perform the determination con-
tinuously or discretely as the situation arises.

[0059] In step 612, the processor 414 determines which
impedances are below a programmed threshold. Lower
impedances allow EEG electrodes to obtain EEG signals
with better signal-to-noise ratios. The programmed thresh-
old may be preprogrammed into the processor 414 or
programmed by the user or a third party. The programming
may be performed by the user or a third party using an
external electronic device to transmit the instructions to the
earpiece 144, through voice commands or gestures read by
the earpiece, or the processor 414 may modify the threshold
in response to one or more stimuli such as a sensor reading
following instructions in an algorithm stored within the
processor 414 or an external memory device operatively
connected to the processor 414.

[0060] Instep 614, the processor 414 creates an activation
signal derived from the sensor readings and the impedances
for each sensor 416, wherein the activation signal is only
sent to EEG electrodes 418 which have an impedance below
the programmed threshold. The processor 414 may use the
sensor readings to modify which EEG signals receive the
activation signal in order to reduce the level of noise in the
received EEG signals and the processor 414 may create
other signals as well which may or may not be related to the
reception of an EEG signal.

[0061] In step 616, the processor 414 communicates the
activation signal to each EEG electrode 418 which had an
impedance below the programmed threshold. A few elec-
trodes 418 may receive the activation signal even if none of
the EEG electrodes have impedances below the programmed
threshold. In this embodiment, the processor 414 commu-
nicates the activation signal to the two electrodes which
have the smallest impedances.

[0062] Instep 618, the activation signal activates the EEG
electrodes 418 having impedances below the programmed
threshold. Again, the activation signal may be sent to two or
more EEG electrodes 418 if none of the electrodes 418 fall
below the programmed threshold in order to obtain at least
one EEG signal.

[0063] In step 620, the activated EEG electrodes 148
receive an BEEG signal. At least two electrodes 148 are
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needed in order for the differential amplifier 520 to remove
common mode noise (which should have different voltages)
between the two signals.

[0064] As a further embodiment, after the EEG electrodes
148 receive one or more EEG signals, the signals, in step
622, are communicated to a differential amplifier 520 for
amplification. At least two signals are required in order for
the differential amplifier 520 to remove common mode gain,
and additional signals may be used. The differential ampli-
fier 520 may amplify the signal from ten to over ten
thousand times depending on the voltage of the EEG signal
after common mode noise removal or other requirements of
the earpiece 144. In addition, one or more filters may be used
to remove noise related to consumer electronics or artifacts
related to sweating, body secretions, or body movement
affecting the EEG signal.

[0065] In step 624, the amplified EEG signal is commu-
nicated to an analog-to-digital converter 522 for sampling.
The sample rate of the analog-to-digital converter 522
should be at least twice the frequency of the amplified signal
frequency in order to maintain the information content of the
amplified signal, and the analog-to-digital converter may
sample at 8-bits, 12-bits, 16-bits, or higher if desired.
[0066] In step 626, the sampled, amplified EEG signal
(modified EEG signal) is communicated to the processor
414. The processor 414 may process the modified EEG
signal using one or more algorithms stored within the
processor 414 or a memory device 540 operatively con-
nected to the processor 414 in order to determine a com-
mand, which may relate to controlling one or more functions
of the earpiece 144. For example, the processor 414 may use
a Fourier transform on an EEG signal to determine a
command from a change in mu wave brain patterns from the
user, such as turning the earpiece 144 on or off, selecting the
next or last choice present in a listing communicated by the
earpiece 144, or another function. The Fourier transform
may break the EEG signals down into their frequency
components, which are less affected by noise than the time
domain EEG signals, making it easier for the processor to
ascertain a command from a brain pattern.

[0067] The inventor(s) would like to reemphasize no lon-
ger would it be needed to place large and bulky electrodes
on a user as is currently performed. The present invention
provides for a distributed network of small electrodes 148
(FIG. 3) where the sum of the EEG signals could be summed
to for a “virtual” large electrode. This distributed network of
electrodes 148 overcomes the need for a trained expert to
place the electrodes properly. An algorithm within processor
414 is capable of determining which combinations of elec-
trodes 418 to use based upon the electrical impedance of
each electrode 148 (discussed in great detail above). Further,
the EEG signals from earpieces 142 and 144 can be com-
pared, contrasted, summated or subtracted to form data input
segments from both earpieces 142 and 144.

[0068] With reference to FIGS. 3 and 7, an example and
discussion of how to create a “virtual” large EEG electrode
will be discussed. In FIG. 3 earpiece 144 is shown with 26
small EEG electrodes 148. In process 700, at step 702 a
measurement voltage signal is sent to each EEG electrode 1
through 26. Processor 414 then calculates the voltage drop
associate with each EEG electrode 148 at step 704. For
purposes of this embodiment, we will say out of electrodes
1-26 only electrodes 1-9, 15-17 and 24-26 had an impedance
below an accepted tolerance predetermined level (i.e.,
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Z<predetermined threshold). Therefore, electrodes 148
10-14, 18-23 will be ignored and no signal will be requested
from these electrodes 148. At step 706, processor 414
receives input from the sensors 416. Next, at step 708,
processor 414 makes a determination as to what electrodes
can still be used to collect data based upon potential signal
noise caused by the environment or the user’s movement.
For purposes of the current example, we can propose the
following:

[0069] Electrodes 1-9 were in an X-plane orientation
[0070] Electrodes 15-17 were in a Y-plane orientation; and
[0071] Electrodes 24-26 were in a Z-plane orientation.
[0072] This information, of course, could be provided by

the magnetometer 334 (FIG. 5) discussed in great detail
above. If processor 414 also has an input from accelerometer
336 which states at time T, there was motion in the X-plane,
then processor 414 would then eliminate electrodes 1-9 from
consideration for a representative EEG signal as the possi-
bility for a noisy or bad signal would be too great (step 710).
Other examples could include no pulsatile component from
a heart rate sensor and no unusual magnetic field which may
disqualify a EEG electrode as being sampled. Thus, at step
712, processor 414 would request a signal from electrodes
15-17 and 24-26. The EEG signals from electrodes 15-17
and 24-26 could then be pulled together by an algorithm on
processor 414 to provide a compound EEG signal.
[0073] The invention is not to be limited to the particular
embodiments described herein. In particular, the invention
contemplates numerous variations in earpieces with in-ear
electrodes. The foregoing description has been presented for
purposes of illustration and description. It is not intended to
be an exhaustive list or limit any of the invention to the
precise forms disclosed. It is contemplated other alternatives
or exemplary aspects are considered included in the inven-
tion. The description is merely examples of embodiments,
processes or methods of the invention. It is understood any
other modifications, substitutions, and/or additions can be
made, which are within the intended spirit and scope of the
invention.
What is claimed is:
1. A wireless earpiece for monitoring EEG data compris-
ing:
a housing;
a processor disposed within the housing;
at least one sensor operatively connected to the processor;
at least two EEG electrodes operatively connected to the
processor and positioned on the housing for receiving
EEG signals from an ear surface; and
a plurality of EEG electrodes, wherein the processor
measures the impedance of the plurality of EEG elec-
trodes.
2. The wireless earpiece for monitoring EEG data of claim
1, wherein a first EEG electrode is positioned to contact an
outer surface of an ear and a second EEG electrode is
positioned to contact an inner surface of an ear canal.
3. The wireless earpiece for monitoring EEG data of claim
1, wherein the processor will not accept any inputs from the
plurality of EEG electrodes if their impedance is above a
predetermined amount.
4. The wireless earpiece for monitoring EEG data of claim
3, wherein the processor accepts an input from the at least
one sensor and refuses input from any of the plurality of
EEG electrodes is the EEG data is compromised by noise
detected by the at least one sensor.
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5. The wireless earpiece for monitoring EEG data of claim
4, wherein the processor accepts inputs from the plurality of
EBEG electrodes, which have not been rejected due to imped-
ance or sensor data and processes the EEG electrode inputs
to create a reliable EEG signal.

6. A method of receiving an EEG signal from an ear
surface comprising the steps of:

transmitting a current to a plurality of EEG electrodes;

receiving at least one sensor reading from a sensor

operatively connected to the processor;
communicating, a voltage drop associated with of the
plurality of EEG electrodes to the processor;
determining an impedance of each of the plurality of EEG
electrodes;
determining which of the impedances are below a pro-
grammed threshold for each of the plurality of EEG
electrodes;

transmitting an activation signal to the plurality of EEG

electrodes which have an impedance below the pro-
grammed threshold;

receiving an EEG signal from the plurality of EEG

electrodes which have an impedance below the pro-
gramed threshold.

7. The method of claim 6, further comprising the step of
determining which of the plurality of electrodes do not have
a reliable EEG signal based upon the at least one sensor
reading.

8. The method of claim 7, further comprising the step of
receiving a sensor reading from a plurality of sensors.

9. The method of claim 8, wherein the processor is housed
within a wireless earpiece.

10. The method of claim 7, further comprising the step of
providing a reliable EEG signal based upon the EEG signal
taken from the plurality of EEG electrodes which have an
impedance below the programmed threshold and have the
reliable EEG signal based upon the at least one sensor
reading.

11. A system comprising:

a first earpiece having a housing;

a processor disposed within the housing;

at least one sensor disposed within the housing and

operatively connected to the processor, wherein the at
least one sensor is configured to sense user data and
communicate the user data to the processor; and
a plurality of EEG electrodes operatively connected to the
processor and positioned on the housing for receiving
EEG signals from an ear surface;

wherein the processor transmits a current to each of the
plurality of EEG electrodes to determine an impedance
from each of the plurality of EEG electrodes and
subsequently communicates an activation signal to
selected EEG electrodes if the impedance associated
with the EEG electrode is below a programmed thresh-
old.

12. The system of claim 11, wherein the processor com-
municates an activation signal to the selected EEG elec-
trodes if the impedance associated with the EEG electrode is
below a programmed threshold and the sensed user data
does not indicate the electrode is unreliable.

13. The system of claim 12, wherein the selected EEG
electrodes provide an EEG signal to the processor

14. The system of claim 13, wherein the processor pro-
cesses the EEG signal from the selected EEG electrodes and
creates a combined EEG signal.
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15. The system of claim 14, wherein the combined EEG
signal is shared with a second earpiece via a transmitter
within the first earpiece.

16. The system of claim 15, wherein a modality of the first
or the second earpiece is changed based upon the combined
EEG signal.

17. The system of claim 16, wherein the modality of the
first and second earpiece is changed based upon the com-
bined EEG signal and the sensed user data.

® 0% % % %



i (% R A (%)

L4 B 6 18 (5 IR A (i)
RIZ B A

KA

IPCH %S

CPCH¥S

L 54X
H AT SOk
S\EREERE

BEX)

FE-EXmEflT , BTHRENEECHRIER B FiRE A L SE A THEFHY

RSN (a)AE, (b)) REENFTANLESR, (¢) EL—1
Rz UREREEILGESR , (d) EPWNEEGER , AIREE
BEINERHUTAST LA TEUREERRENEEGES , UK (e)
Z/NEEGEIR , HP A EENE S MEEGHRRNET.

i B N B AR B

US20180116514A1 ASIHONNE
US15/796370 BiE A
BRAGI GMBH

BRAGI GMBH

TURNER JAKE BERRY

TURNER, JAKE BERRY

A61B5/00 A61B5/0478

patsnap

2018-05-03

2017-10-27

A61B5/0006 A61B5/6817 A61B5/0478 A61B5/0031 A61B5/04012 A61B5/7203 A61B5/0482 GO6F19
/3418 A61B5/04845 A61B5/048 A61B5/04004 A61B5/0424 G16H40/63

62/416537 2016-11-02 US

uS10617297

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/e60585bf-ec79-49a1-97db-624ebed765ed
https://worldwide.espacenet.com/patent/search/family/062020052/publication/US2018116514A1?q=US2018116514A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180116514%22.PGNR.&OS=DN/20180116514&RS=DN/20180116514

