US 20170123495A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2017/0123495 Al

Leuthardt et al,

(54)

(71)

(72)

1)

(22)

(86)

(60)

BRAIN-COMPUTER INTERFACE HEADSET

Applicant: Neurolutions, Inc., St. Louis, MO (US)

Inventors: Eric C. Leuthardt, St. Louis, MO
(US); Daniel W, Moran, Ballwin, MO
(Us)

Appl. No.: 15/317,259

PCT Filed: Jun. 9, 2015

PCT No.: PCT/US15/34841
§ 371 (e)(D),
(2) Date: Dec. 8, 2016

Related U.S. Application Data

Provisional application No. 62/009,488, filed on Jun.
9, 2014.

43) Pub. Date; May 4, 2017
Publication Classification
(51) Imt. ClL
GOG6F 3/01 (2006.01)
A61B 5/00 (2006.01)
AG6IB 5/0478 (2006.01)
(52) US. CL
CPC ... GOGF 3/015 (2013.01); A6IB 5/0478

(2013.01); A61B 5/6803 (2013.01); A61B
5/0006 (2013.01); A461B 5/6831 (2013.01)

(7) ABSTRACT

Users of brain-computer interface (BCI) systems wear an
electroencephalography (EEG) headset that places multiple
electrodes in contact with the scalp of the user. The EEG
headsets provided herein provide user convenience and EEG
accuracy. For example, the positioning of the EEG elec-
trodes is readily adjustable to provide a customizable fit with
various head shapes and sizes, and to conveniently provide
repeatable electrode-to-scalp contact. Further, EEG accu-
racy is improved by integrating electromagnetic shielding
into the EEG headset to reduce electromagnetic interference.
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BRAIN-COMPUTER INTERFACE HEADSET

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application Ser. No. 62/009,488 filed on Jun. 9, 2014,
the contents of which are incorporated herein by reference in
their entirety.

FIELD OF THE INVENTION

[0002] This specification relates to components of brain-
computer interface (BCI) systems. For example, this speci-
fication relates to electroencephalography (EEG) headsets
that can be used as part of a BCI system.

BACKGROUND

[0003] BCI technology involves determining a person’s
intentions by acquiring and interpreting the person’s brain
signals, and executing the intended tasks using a computer
system. One example application of BCI technologies is the
control of a cursor on a computer screen. There are many
others.

[0004] Brain cells communicate with each other by pro-
ducing tiny electrical signals. The goal of EEG is to non-
invasively detect and quantify those tiny electrical signals.
The electrical signals detected by EEG are then processed
and interpreted by other BCI system components to deter-
mine the intentions of the person.

[0005] Some amounts of the tiny electrical signals pro-
duced by the brain cells are transferred to the scalp of the
person. EEG is performed by placing multiple electrodes in
contact with the scalp to receive those electrical signals
present on the scalp. The accuracy of EEG can be affected
by a number of factors including, but not limited to, elec-
trode placement locations, integrity of electrode-to-scalp
contact, electrical interference, and others.

SUMMARY

[0006] In one implementation, an EEG headset apparatus
for detecting brain signal information from a human’s head
includes a casing with an outer surface and an inner surface,
a conductive EMI shield material, and a conductive wire
electrically coupled to the conductive EMI shield and con-
figured to conduct energy received from the conductive EMI
shield to a region of the human that is distinct from sites
recording the brain signal information. The casing’s shape
defines a concaved interior region configured to receive a
portion of the head. The casing defines a plurality of
electrode openings. Each electrode opening of the plurality
of electrode openings comprises a hole extending between
the outer surface and the inner surface. The conductive EMI
shield material is disposed either (i) on the inner or outer
surfaces of the casing, (ii) in a wall of the casing, or (iii)
within the interior region defined by the casing. The con-
ductive EMI shield is configured to operate as an EMI
shield.

[0007] Such an EEG headset apparatus may optionally
include one or more of the following features. The EEG
headset apparatus may include one or more electrode assem-
blies, wherein each electrode assembly of the one or more
electrode assemblies is configured to be disposed within one
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electrode opening of the plurality of electrode openings, and
wherein each electrode assembly is configured to receive the
brain signal information from a surface of the human’s head.
The one or more electrode assemblies may be configured to
be physically repositionable in relation to respective elec-
trode openings of the casing. The one or more electrode
assemblies may be configured to be slidably and pivotably
repositionable in relation to respective electrode openings of
the casing. The EEG headset apparatus may further com-
prise a chin strap coupled to the casing. At least a portion of
the conductive wire may be coupled with the chin strap. The
EEG headset apparatus may further comprise controller
circuitry including one or more microprocessors, wherein
the controller circuitry is configured to receive the brain
signal information. The EEG headset apparatus may further
comprise a user interface in electrical communication with
the controller circuitry, wherein the user interface comprises
one or more elements by which (i) user inputs can be
provided to the controller circuitry or (ii) outputs can be
provided from the controller circuitry. The EEG headset
apparatus may further comprise a communications interface
in electrical communication with the controller circuitry,
wherein the communications interface is configured to
facilitate communications between the controller circuitry
and an external computing device. The communications
interface may be a wireless communications interface.

[0008] In another implementation, a brain-computer inter-
face system includes a helmet-like apparatus for recording
brain signal information from a human’s head and a com-
puting device configured to receive communications from
the helmet-like apparatus. The helmet-like apparatus com-
prises a casing including an outer surface and an inner
surface, a conductive EMI shield material, and a conductive
wire electrically coupled to the conductive EMI shield. The
casing’s shape defines a concaved interior region configured
to receive a portion of the head. The casing defines a
plurality of electrode openings. Each electrode opening of
the plurality of electrode openings comprises a hole extend-
ing between the outer surface and the inner surface. The
conductive EMI shield material is disposed (i) on the inner
or outer surfaces of the casing, (ii) in the casing, or (iii)
within the interior region defined by the casing. The con-
ductive EMI shield material is configured to operate as an
EMI shield. The conductive EMI shield material is config-
ured to conduct energy received from the conductive EMI
shield to a region of the human that is distinct from sites
recording electromagnetic signals.

[0009] Such a brain-computer interface system may
optionally include one or more of the following features.
The brain-computer interface system may further comprise
one or more electrode assemblies, wherein each electrode
assembly of the one or more electrode assemblies is con-
figured to be disposed within one electrode opening of the
plurality of electrode openings, and wherein each electrode
assembly is configured to receive the brain signal informa-
tion captured from a surface of the human’s head. The one
or more electrode assemblies may be configured to be
physically repositionable in relation to respective electrode
openings of the casing. The computing device may be
configured to process the captured brain signal information
to detect if the captured brain signal information is indica-
tive of an intention of the human. The computing device may
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be configured to perform one or more actions corresponding
to the intention in response to detecting that the captured
brain signal information is indicative of an intention of the
human. The communications may comprise wireless com-
munications. The brain-computer interface system may fur-
ther comprise a chin strap coupled to the casing. At least a
portion of the conductive wire may be coupled with the chin
strap. The brain-computer interface system may further
comprise controller circuitry including one or more micro-
processors, wherein the controller circuitry is configured to
receive the brain signal information. The brain-computer
interface system may further comprise a user interface in
electrical communication with the controller circuitry,
wherein the user interface comprises one or more elements
by which (i) user inputs can be provided to the controller
circuitry or (ii) outputs can be provided from the controller
circuitry.

[0010] Particular embodiments of the subject matter
described in this document can be implemented to realize
one or more of the following advantages. In some embodi-
ments, the EEG headsets provided herein are readily adapt-
able for effective use with a variety of head shapes and sizes.
Accordingly, the EEG headsets can be fitted for a person,
and the person can repeatedly use the FEG headset without
further assistance from a clinician. As such, the EEG head-
sets provided herein are well-suited for home use. In some
embodiments, the EEG headsets are configured for single-
handed use. Consequently, in some cases people who are
physically unable to use two hands/arms may nevertheless
be able to don, operate, and doff the EEG headsets provided
herein. In some embodiments, the EEG headsets provided
herein are shielded against electrical interference from ambi-
ent electrical fields. Such shielding can eliminate some
inaccuracies in the EEG results. Further, in some embodi-
ments the EEG headsets are configured to be resistive to
inaccuracies induced from the activity of muscle move-
ments, such as jaw movements, for example. Various types
of additional sensors are included in some embodiments of
the EEG headsets provided herein. Accordingly, some
embodiments of the FEG headsets can provide additional
functionalities beyond EEG. A graphical user interface
(GUD) 1s included in some embodiments of the EEG head-
sets provided herein. The GUI may enhance a user’s inter-
actions with the EEG headsets. The EEG headsets provided
herein are configured with features that facilitate user-
friendly, accurate, and repeatable EEG performance.

[0011] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention pertains. Although methods and materials similar
or equivalent to those described herein can be used to
practice the invention, suitable methods and materials are
described herein. All publications, patent applications, pat-
ents, and other references mentioned herein are incorporated
by reference in their entirety. In case of conflict, the present
specification, including definitions, will control. In addition,
the materials, methods, and examples are illustrative only
and not intended to be limiting.

[0012] The details of one or more embodiments of the
invention are set forth in the accompanying drawings and
the description herein. Other features, objects, and advan-
tages of the invention will be apparent from the description
and drawings, and from the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1isa diagram of an example EEG headset and
BCI system, shown in operation by a user.

[0014] FIG. 2 is a side view of the example EEG headset
of FIG. 1.
[0015] FIG. 3A is a cross-sectional side view of the

example EEG headset of FIG. 1 being worn by a user.
[0016] FIG. 3B is a portion of the cross-sectional side
view of the example EEG headset as shown in FIG. 3A
including an example EEG electrode.

[0017] FIG. 3C is a schematic depiction illustrating the
adjustability of EEG headset electrodes in accordance with
some embodiments.

[0018] FIG. 4 is a schematic diagram of computing
devices that can be used to implement the systems and
techniques described herein.

[0019] Like reference numbers and designations in the
various drawings indicate like elements.

DETAILED DESCRIPTION

[0020] This specification generally describes EEG head-
sets that can be used in BCI systems. The EEG headsets
described herein provide user convenience and EEG accu-
racy. For example, this specification describes EEG headsets
that are readily customizable for effective use with a wide
variety of head shapes and sizes. An EEG headset with a
customized fit can provide convenient repeatable electrode-
to-scalp contact for a particular user. Further, this specifi-
cation describes EEG headsets with integrated electromag-
netic shielding for reducing electromagnetic interference
(EMI) and improving EEG accuracy.

[0021] One example implementation, shown in FIG. 1, is
a BCI system 10 which is adapted for operation by a user 12.
Generally, the system 10 includes: (i) a wearable EEG
headset 100 and (ii) a computing device 20. In the depicted
implementation, the EEG headset 100 and the computing
device 20 wirelessly communicate with each other as
depicted by wireless signal symbols 30. In some embodi-
ments, as an alternative to the wireless communication or in
addition to the wireless communication, one or more com-
munication cables (not shown) are used to interconnect the
EEG headset 100 and the computing device 20 to facilitate
data communications therebetween.

[0022] The computing device 20 is generally adapted to
receive wirelessly transmitted signals 30, sent by the EEG
headset 100, containing information about the user’s 12
brain signals acquired by the EEG headset 100. The com-
puting device 20 is configured to process those received
signals 30 to determine user’s 12 intentions. In some
embodiments, the computing device 20 is configured to take
actions in accordance with the determined user’s 12 inten-
tions. The computing device 20 can be any of a variety of
different types of computing devices. For example, the
computing device 20 can be, but is not limited to, the
following types of computing devices: laptop computer,
desktop computer, cell phone, smart phone, PDA, tablet
computer, music player, wearable computer, e-book reader,
server system, or other processing device and combinations
of devices.

[0023] In some implementations of the BCI system 10,
certain operations or parts of certain operations may be
performed at a server system, including a cloud-based server
system, rather than completely on a client computing device
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such as the computing device 20. However, in other embodi-
ments, all or substantially all of the operations of the BCI
system 10 may be performed on the computing device 20.
[0024] Insome implementations, the computing device 20
may also include one or more additional components such as
a mouse, trackball, touchpad, joystick, touchscreen, auditory
input and output devices, tactile input and output devices,
wireless communication interface devices, and the like, and
combinations of such devices. The computing device 20 can
be connected to any form or medium of digital data com-
munication (e.g., a communication network). Non-limiting
examples of communication networks include a local area
network (LAN), a wide area network (WAN), and the
Internet.

[0025] In the depicted implementation, computing device
20 and the EEG headset 100 perform two-way communi-
cation via wireless signals 30. Such wireless communication
may occur using various wireless technologies including,
but not limited to, radio-frequency, Bluetooth, WiFi, NFC,
IR, Bluetooth low energy, ANT+, and the like.

[0026] Briefly, the EEG headset 100 includes: (i) an elec-
trode support system 110, which in this example is config-
ured like a helmet 110 for holding several surface electrodes
that acquire EEG brain signals from multiple different and
distributed surface locations on the user’s 12 skin adjacent
the brain, and (ii) a chinstrap 120. In this example, the
chinstrap 120 extends between both sides of the helmet 110
and under the chin of the user 12. By using such an
arrangement, the chinstrap 120 can provide a normal force
between the helmet 110 and head of the user 12, and more
particularly between the electrodes of the helmet 110 and the
head of the user 12. In some embodiments, a flexible
occipital buttress (e.g., refer to FIG. 2) can be alternatively
or additionally included to secure the helmet 110 to the head
of the user 12.

[0027] The helmet 110 includes multiple electrode loca-
tions 112. As will be described more fully below, the
electrode locations 112 may receive an adjustable electrode
assembly therein. When the helmet 110 is configured for use,
at least some of the electrode locations 112, but not neces-
sarily all of the electrode locations 112, contain electrode
assemblies. Such electrode assemblies are individually posi-
tionable relative to helmet 110 to adapt to the particular head
size and shape of the user 12. That is, the electrode assem-
blies can be individually adjusted so that the electrodes are
conformed to the contoured topography of the user’s 12
scalp. In that manner, accurate pickup of EEG brain signals
from multiple different and distributed surface locations on
the user’s 12 scalp is facilitated by the EEG headset 100.
[0028] In some embodiments, when the fit of the EEG
headset 100 has been customized for the user 12, the user 12
may repeatably use the EEG headset 100 without making
further adjustments, or with few adjustments. That is, after
the EEG headset 100 has been customized for the user 12,
the user 12 may readily don the EEG headset 100 by merely
placing the EEG headset 100 on the user’s 12 head and
installing the chinstrap 120 as shown. Therefore, the EEG
headset 100 is designed to allow the BCI system 10 to be
user-friendly and convenient for the user 12 to operate with
minimal or no assistance from a clinician. As such, the BCI
system 10 is well-suited for operation by the user 12 athome
and/or at other locations that are remote from a healthcare
facility. However, the adjustability of the helmet 110 also
makes the BCI system 10 suitable for use at a healthcare
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facility where the helmet 110 can be efficiently readjusted as
needed to fit multiple different patients.

[0029] In some implementations, the helmet 110 is ini-
tially fitted to the user 12 by a clinician. However, it is not
necessary in all implementations for a clinician to provide
the initial fitting of the helmet 110 to the user 12. In some
implementations, the user 12 themselves can perform the
fitting.

[0030] In some implementations, the user 12 can don the
helmet 110 using a single hand. In some such implementa-
tions, the chinstrap 120 may include an elastic portion, a
ratcheting mechanism, or be otherwise conveniently adjust-
able to facilitate one-handed adjustments.

[0031] Referring now to FIG. 2, an example embodiment
of the EEG headset 100 is shown in greater detail. The EEG
headset 100 includes the helmet 110, the chinstrap 120, the
multiple electrode locations 112, multiple wires 114, an
electronics enclosure 116, and an optional occipital brace
member 130. It should be understood that the depicted sites
of the multiple electrode locations 112 are merely illustrative
and the electrode locations 112 can be positioned anywhere
in relation to the helmet 110.

[0032] The optional occipital brace member 130 can be
mounted to the helmet 110 or to the chinstrap 120. In some
embodiments, the occipital brace member 130 is physically
adjustable such that a user can tighten and loosen the fit of
the EEG headset 100 to the user’s head by adjusting the
orientation of the occipital brace member 130.

[0033] The wires 114 individually extend between the
EEG electrodes (not shown) that are located in some or all
of the electrode locations 112 and the electronics enclosure
116. The EEG signals detected by the EEG electrodes are
carried by the wires 114 to the electrical controller circuitry
located in the electronics enclosure 116. In the depicted
implementation, the EEG electrodes are active electrodes.
That is, the EEG electrodes include amplifiers in the prox-
imity of the interface between the EEG electrodes and the
skin. As such, with the EEG signals being amplified, the
wires 114 can be routed from the EEG electrodes to the
electronics enclosure 116 on or near the surface of the
helmet 110 without incurring significant electromagnetic
interference (EMI) effects. In some implementations, the
wires 114 are shielded, either individually or by being
located within an EMI shield of the helmet 110 (e.g., refer
to FIGS. 3A and 3B). In some such implementations, passive
electrodes (without the aforementioned amplifiers) are used.
However, active electrodes may be used in some such
implementations that include shielded wires 114.

[0034] While in the depicted embodiment the electronics
enclosure 116 is located on the surface of the rear portion of
the helmet 110, that location is not required in all embodi-
ments. For example, in some embodiments the electronics
enclosure 116 is located on the front of the helmet 110, or on
the top of the helmet 110, or on other locations of the helmet
110. In some embodiments, the electronics enclosure 116 is
embedded within the profile of the helmet 110, as opposed
to being surface mounted as shown. In some embodiments,
the contents of the electronics enclosure 116 are distributed
within two or more electronics enclosures 116 that can be
separated from each other in various locations on the helmet
110.

[0035] In some embodiments, the electronics enclosure
116 is releasably attachable to the helmet 110. Such an
arrangement can conveniently allow a user to be able to



US 2017/0123495 Al

handle to the electronics enclosure 116 while concurrently
wearing the helmet 110. In some such embodiments the user
can, for example, view a user interface on the electronics
enclosure 116, and make selections and/or adjustments to
the EEG headset 100 via the user interface while wearing the
helmet 110.

[0036] The electronics enclosure 116 can contain various
electronic components. For example, electronic components
such as, but not limited to, the following can be included:
one or more batteries, microprocessor(s), one or more types
of memory devices, control circuitry, transceivers, antennae,
gyroscopes, accelerometers, oximetry circuitry, electrode
amplifiers, various kinds of connectors (e.g., USB ports,
power supply ports, audio/video input and/or output ports,
network connection ports, etc.), user interface elements
(e.g., a graphical display, a touchscreen graphical display, a
microphone to receive audio input from the user. a camera,
audio speakers, indicator lights, buttons, keys, switches,
tactile feedback devices, and the like). The one or more
batteries can allow the EEG headset 100 to be portable (the
batteries can provide power to the various components of the
EEG headset 100, and may be recharged via an adapter or
charging device (not shown here). In some embodiments,
the batteries of the EEG headset 100 can be inductively
recharged.

[0037] The EEG headset 100 includes the processing and
controller circuitry to operate the EEG headset 100 in
training modes, operational modes (e.g., rehabilitation ses-
sions), calibration modes, communications modes, and so
on. As such, the EEG headset 100 can include one or more
central processing units, volatile memory such as random
access memory (RAM), and non-volatile memory such as
read-only memory (ROM) and/or various forms of program-
mable read-only memory (PROM) for the storage of sof-
ware or firmware programs and operating parameters that
may be periodically updated. In terms of software and/or
firmware programs, the EEG headset 100 may include
various programs that are stored in non-volatile memory that
include executable program instructions that are executed by
the processing and control circuitry to carry out the various
processing functions. The non-volatile memory may also
include information storage areas for operational parameter
settings or other input information used during the operation
of the EEG headset 100. The settings and other input
information may be input by a user (or clinician), or may be
transmitted to the EEG headset 100 from a remote system.

[0038] As mentioned briefly above, the EEG headset 100
can include various components for providing information
to and receiving input from a user. The visual output display
equipment, for example, may be a regular or touch screen
display for providing visual prompts (e.g., graphics, instruc-
tions, etc.) or other sorts of information to the user and/or for
receiving user input. The input devices, for example, may
include one or more buttons for controlling (e.g., pausing,
powering on/off, sending data, receiving data, changing
modes, etc.) the EEG headset 100. For example, the input
devices (e.g., buttons) may serve as soft keys alongside the
display equipment and/or may be situated away from the
display equipment. The audio output equipment (e.g., speak-
ers), for example, may be used for providing auditory
prompts (e.g., live or recorded spoken instructions, tones
indicating success or error conditions, etc.). The audio input
equipment (e.g., microphone), for example, may be used for
receiving spoken input from the user (e.g., voice controls)
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and/or may serve with the audio output equipment for
conducting a live communication session with a remote
technician.

[0039] Referring now to FIG. 3A, the EEG headset 100 is
shown in partial cross-section on the head of the user 12. In
this view, it can be seen that the helmet 110 includes a rigid
shell 111, a conformable liner 118, an EMI shield 124, and
a conductive periphery 126. The helmet 110 defines the
aforementioned multiple electrode locations 112 and
includes the chinstrap 120. The chinstrap 120 includes a
conductive wire and a contact element 122 that contacts the
user’s 12 skin beneath the chin.

[0040] In some embodiments, the rigid shell 111 defines
the outer profile of the helmet 110. The rigid shell 111 can
be made of any of a variety of different materials such as
polymers including, but not limited to, polycarbonate, poly-
vinyl chloride (PVC), polyethylene, polypropylene, poly-
urethane, polymethyl methacrylate, polystyrene, acryloni-
trile butadiene styrene (ABS), polyethylene, polypropylene,
polymide, and the like. In some embodiments, the rigid shell
111 is formed by being molded (e.g., injection molded).

[0041] The EMI shield 124 is disposed on or within the
rigid shell 111. The EMI shield 124 is configured to function
as a Faraday cage to reduce the negative impacts of EMI and
radio frequency interference (RFI) on the fidelity of the EEG
signals detected from the user 12. That is, such shielding
may eliminate some inaccuracies in the EEG results by
isolating the EEG electrode signals from ambient electrical
noise. In some embodiments, the EMI shield 124 is made of
a metal screen or mesh material. For example, a copper (or
other conductive metal) screen or mesh is used in some
embodiments. In some embodiments, the metal screen or
mesh material is overmolded during the formation of the
rigid shell 111. In some embodiments, the metal screen or
mesh material is attached to the rigid shell 111 after the rigid
shell 111 is formed.

[0042] In some embodiments, a conductive coating is
applied to the rigid shell 111 to comprise the EMI shield 124.
In some such embodiments, the conductive coating can
include small metallic particles (e.g., copper or nickel) that
are dispersed in a suitable carrier material. The dispersion
can be sprayed, brushed, or otherwise coated onto the rigid
shell 111. In some embodiments, the EMI shield 124 can
comprise a combination of the metal screen or mesh material
and the conductive coating(s). In particular embodiments,
the EMI shield 124 is configured to be an active shield (e.g,,
a negative capacitance circuit).

[0043] In some embodiments, the aforementioned wires
114 (refer to FIG. 2) are substantially disposed within the
protective Faraday cage environment provided by the EMI
shield 124. In some such embodiments, passive EEG elec-
trodes (without amplifiers near the electrodes) can be used,
and the EMI shield 124 will substantially protect the wires
114 from the effects of EMI/RFI. Alternatively, in some
embodiments the EEG electrodes used are active electrodes.
That is, the EEG electrodes include amplifiers in the prox-
imity of the interface between the EEG electrodes and the
skin. In some such embodiments, the wires 114 can be
routed from the EEG electrodes to the electronics enclosure
116 outside of the EMI shield 124 without incurring sig-
nificant effects from EMI/RFI. In some embodiments, wires
114 from active EEG electrodes are routed within the EMI
shield 124.
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[0044] The helmet 110 can also include the conformable
liner 118. The conformable liner 118 is disposed on at least
some portions of the interior of the helmet 110. The con-
formable liner 118 is included to provide user 12 comfort,
and to physically conform the helmet 110 to the contours of
the scalp of the user 12. The conformable liner 118 can be,
for example, a foam material, a gel encased in a flexible
jacket material, or other suitable conformable materials. In
some embodiments, portions of the conformable liner 118
may be removable from the helmet 110 and replaced with
thicker or thinner portions of the conformable liner 118. In
that fashion, the fit of the helmet 110 can be customized to
the size and contours of the scalp of the user 12.

[0045] The multiple electrode locations 112 are defined by
openings in the helmet 110 (including openings through the
rigid shell 111, the EMI shield 124, and the conformable
liner 118). In some embodiments, the helmet 110 may
include about 20 to about 40 electrode locations 112, which
may be located in any location on the helmet 110. In some
embodiments, fewer than 20 or more than 40 electrode
locations 112 are included in a helmet 110.

[0046] As previously described, when the helmet 110 is
configured for use, at least some of the electrode locations
112, but not necessarily all of the electrode locations 112,
contain electrode assemblies. In some implementations,
when an electrode location 112 does not contain an elec-
trode, a plug (not shown) is installed in the electrode
location 112. Such plugs can be removably coupled within
the electrode locations 112. In some embodiments, the plugs
include the EMI shield 124 material that makes electrical
contact with the EMI shield 124 of the helmet 110 so as to
provide a continuous Faraday cage in the region of an
electrode location 112 that does not contain an electrode.
[0047] The helmet 110 also includes the conductive
periphery 126. In some embodiments, the conductive
periphery 126 is disposed around at least portions of the
inner periphery of the helmet 110, where the inner periphery
of the helmet 110 interfaces with the skin of the user 12. The
conductive periphery 126 is in electrical communication
with the EMI shield 124, and in physical contact with the
skin of the user 12. With such a configuration, EMI/RFI
energy that is inducted to the EMI shield 124 can be
conducted to the conductive periphery 126 where the EM1/
RFI energy can be grounded to the skin of the user 12. In
addition, the conductive periphery 126 can also ground out
electromyographic activity (EMG) from, for example, jaw
muscle movements in some circumstances. Such protection
from the effects of EMG can also enhance the fidelity of the
EEG electrode signals.

[0048] In some embodiments, the conductive periphery
126 is constructed as a compliant conductive strip of mate-
rial that is attached around at least portions of the inner
periphery of the helmet 110. In some embodiments, the
conductive periphery 126 is adjustable in size, such as by an
integral drawstring or by use of compliant materials, so that
the conductive periphery 126 is customizable to fit the head
of the user 12.

[0049] The helmet 110 also includes the chin strap 120
with its optional conductive contact element 122. In some
embodiments, the chin strap 120 is made of an electrically
conductive material (or includes an electrically conductive
element therein). The chin strap 120 can be in electrical
communication with the EMI shield 124 and/or the conduc-
tive periphery 126. In some embodiments, the chin strap 120
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is also in electrical communication with the skin of the user
12. In some such embodiments, the chin strap 120 can
thereby ground EMI/RFI energy from the EMI shield 124 to
the skin of the user 12. Alternatively, or additionally, the
contact element 122 can be used to ground EMI/RFT energy
from the EMI shield 124 to the user’s 12 skin beneath the
chin. The contact element 122 can be configured to provide
an effective electrical contact between the chin strap 120 and
the user’s 12 skin. For example, in some embodiments, a
conductive gel material (or water, for example) can be
included or applied to the contact element 122 to provide
good electrical contact with the user’s 12 skin. However, in
some embodiments the contact element 122 can be used in
a dry condition. In alternative embodiments, the contact
element 122 can be located at other locations of the user’s
body (e.g., further away from the user’s 12 head area).

[0050] Referring now to FIG. 3B, the helmet 110 (shown
in partial cross-section) includes the electrode locations 112
in which electrode assemblies, such as example electrode
assembly 200, can be removably received. As will be
described more fully below, the electrode assembly 200 can
be positionally adjustable within the electrode locations 112.

[0051] In some embodiments, the electrode assembly 200
includes a dowel 201, an electrode 202, corresponding
electrode wires 114, and a port 204. The electrode 202 is
coupled to one end portion of the dowel 201, and the port
204 is located at the other end portion of the dowel 201. The
dowel 201 may include a passageway or tunnel to contain
the electrode wires 144. In some embodiments, an electrical
connector may be located on the surface of the dowel 201,
and the electrode wires 144 can be connected to the elec-
trode 202 via the connector. In some embodiments that
include active electrodes, an electrode amplifier may also be
contained within or attached to the dowel 201. Howevet, in
some embodiments, no such amplifier is included. It should
be understood that the electrode assembly 200 is one non-
limiting example of a type of electrode assembly that can be
used with the EEG headsets provided herein, and the use of
various other types of electrode assemblies are also within
the scope of this disclosure. While the electrode assembly
200 is shown as extending from the rigid shell 111, such a
configuration is not required. That is, in some embodiments
the electrode assembly is flush or recessed in relation to the
rigid shell 111.

[0052] In some embodiments, the dowel 201 comprises a
non-conductive (e.g., plastic) material. In some such
embodiments, in order to complete the Faraday cage, a
conductive cap (not shown) can be installed over the elec-
trode assembly 200 so that the electrode assembly 200 is
contained below the conductive cap. The conductive cap can
be in electrical communication with the EMI shield 124. In
some such embodiments, the conductive cap can be hinged
to the outer shell 111 and detainable (e.g., using a latch) in
the orientation in which the electrode locations 112 are
closed by the conductive cap. The conductive caps may be
located at every electrode location 112 on the entire helmet
110, or only at selected locations in some embodiments.

[0053] In some embodiments, the dowel 201 comprises a
conductive material. In some such embodiments, the con-
ductive material of the dowel 201 can be in electrical
communication with the EMI shield 124 so as to complete
the Faraday cage. In some such embodiments, no aforemen-
tioned conductive cap is included. However, in some such
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embodiments the aforementioned conductive cap may also
be included when the dowel 201 comprises a conductive
material.

[0054] The electrode assembly 200 also includes the elec-
trode 202. The electrode 202 is configured to make contact
with the scalp of the user 12, to pick up EEG brain signals
therefrom, and to transfer the signals to the wire 114. In
some embodiments, the electrode 202 is spring loaded in
relation to the dowel 201. In such embodiments, each
electrode 202 thereby has an independent suspension by
which it can conform to the local topography of the user’s
12 scalp. In some embodiments, the electrode 202 is rigidly
fixed to the end portion of the dowel 201.

[0055] In some embodiments, the electrode 202 can be
configured to be used with a conductive fluidic medium
(e.g., a gel, or liquid). In some such embodiments, the
electrode 202 can be equipped with a through-hole that
allows passage of the conductive fluidic medium there-
through, and to the skin of the user 12. In alternative
embodiments, the electrode 202 can be configured to be used
dry (without a conductive fluidic medium). In particular
embodiments, a single EEG helmet 110 can be configured to
use some dry electrodes 202 and some wet electrodes 202
(wet electrodes 202 are those that are configured to be used
with the conductive fluidic medium).

[0056] The electrode assembly 200 also includes the port
204. The port 204 can be used to administer a supply of
conductive fluidic medium to the electrode 202. In some
embodiments, the port 204 may include a fitting, a pierce-
able septum, or may be closeable using a replaceable plug or
cap, and the like. In some implementations, a syringe is used
to administer the supply of conductive fluidic medium via
the port 204,

[0057] Such electrode assemblies 200 are individually
positionable relative to helmet 110 to adapt to the particular
head size and shape of the user 12. That is, the electrode
assemblies 200 can be individually adjusted so that the
electrodes 202 are conformed to the contoured topography
of the user’s 12 scalp. In that manner, accurate and repeat-
able pickup of EEG brain signals from multiple different and
distributed surface locations on the user’s 12 scalp is facili-
tated by the helmet 110.

[0058] Referring now to FIG. 3C, a schematic depiction of
an example design by which the electrode assemblies 200
can be individually positionable relative to the helmet 110 is
provided. In this embodiment, the electrode assembly 200 is
slidably coupled within a bore of a ball 220. The ball 220,
in turn, is slidably and rotatably coupled within a socket 228
of the helmet 110. This ball 220 and socket 228 arrangement
provides articulation of the electrode assembly 200 so that it
can be adjusted in relation to the helmet 110 in multiple
ways. For example, by sliding the electrode assembly 200 in
relation to the bore of the ball 220, the electrode assembly
can be raised or lowered. Also, by sliding the ball 220 in
relation to the socket 228, the electrode assembly 200 can be
translated in a two-dimensional plane. Further, by pivoting
the ball 220 in relation to the socket 228, the electrode
assembly 200 can be angulated. Such adjustability can be
beneficial as to individually adapting each electrode assem-
bly 200 to the particular head size and shape of the user 12.
As a result, accurate and repeatable pickup of EEG brain
signal information from multiple different and distributed
surface locations on the user’s 12 scalp is facilitated by the
helmet 110.
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[0059] Referring now to FIG. 4, an example of a comput-
ing device 400 and an example of a mobile computing
device 450 that can be used to implement the techniques
described herein are provided. The computing device 400 is
intended to represent various forms of digital computers,
such as laptops, desktops, workstations, personal digital
assistants, servers, blade servers, mainframes, and other
appropriate computers. The mobile computing device is
intended to represent various forms of mobile devices, such
as personal digital assistants, cellular telephones, smart-
phones, and other similar computing devices. The compo-
nents shown here, their connections and relationships, and
their functions, are meant to be exemplary only, and are not
meant to limit implementations of the inventions described
and/or claimed in this document.

[0060] The computing device 400 includes a processor
402, a memory 404, a storage device 406, a high-speed
interface 408 connecting to the memory 404 and multiple
high-speed expansion ports 410, and a low-speed interface
412 connecting to a low-speed expansion port 414 and the
storage device 406. Each of the processor 402, the memory
404, the storage device 406, the high-speed interface 408,
the high-speed expansion ports 410, and the low-speed
interface 412, are interconnected using various busses, and
may be mounted on a common motherboard or in other
manners as appropriate. The processor 402 can process
instructions for execution within the computing device 400,
including instructions stored in the memory 404 or on the
storage device 406 to display graphical information for a
GUI on an external input/output device, such as a display
416 coupled to the high-speed interface 408. In other imple-
mentations, multiple processors and/or multiple buses may
be used, as appropriate, along with multiple memories and
types of memory. Also, multiple computing devices may be
connected, with each device providing portions of the nec-
essary operations (e.g., as a server bank, a group of blade
servers, or a multi-processor system).

[0061] The memory 404 stores information within the
computing device 400. In some implementations, the
memory 404 is a volatile memory unit or units. In some
implementations, the memory 404 is a non-volatile memory
unit or units. The memory 404 may also be another form of
computer-readable medium, such as a magnetic or optical
disk.

[0062] The storage device 406 is capable of providing
mass storage for the computing device 400. In some imple-
mentations, the storage device 406 may be or contain a
computer-readable medium, such as a floppy disk device, a
hard disk device, an optical disk device, or a tape device, a
flash memory or other similar solid state memory device, or
an array of devices, including devices in a storage area
network or other configurations. A computer program prod-
uct can be tangibly embodied in an information carrier. The
computer program product may also contain instructions
that, when executed, perform one or more methods, such as
those described above. The computer program product can
also be tangibly embodied in a computer- or machine-
readable medium, such as the memory 404, the storage
device 406, or memory on the processor 402.

[0063] The high-speed interface 408 manages bandwidth-
intensive operations for the computing device 400, while the
low-speed interface 412 manages lower bandwidth-inten-
sive operations. Such allocation of functions is exemplary
only. In some implementations, the high-speed interface 408
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is coupled to the memory 404, the display 416 (e.g., through
a graphics processor or accelerator), and to the high-speed
expansion ports 410, which may accept various expansion
cards (not shown). In the implementation, the low-speed
interface 412 is coupled to the storage device 406 and the
low-speed expansion port 414. The low-speed expansion
port 414, which may include various communication ports
(e.g., USB, Bluetooth, Ethernet, wireless Ethernet) may be
coupled to one or more input/output devices, such as a
keyboard, a pointing device, a scanner, or a networking
device such as a switch or router, e.g., through a network
adapter.

[0064] The computing device 400 may be implemented in
a number of different forms, as shown in the figure. For
example, it may be implemented as a standard server 420, or
multiple times in a group of such servers. In addition, it may
be implemented in a personal computer such as a laptop
computer 422. It may also be implemented as part of a rack
server system 424. Alternatively, components from the com-
puting device 400 may be combined with other components
in a mobile device (not shown), such as a mobile computing
device 450. Each of such devices may contain one or more
of the computing device 400 and the mobile computing
device 450, and an entire system may be made up of multiple
computing devices communicating with each other.

[0065] The mobile computing device 450 includes a pro-
cessor 452, a memory 464, an input/output device such as a
display 454, a communication interface 466, and a trans-
ceiver 468, among other components. The mobile comput-
ing device 450 may also be provided with a storage device,
such as a micro-drive or other device, to provide additional
storage. Fach of the processor 452, the memory 464, the
display 454, the communication interface 466, and the
transceiver 468, are interconnected using various buses, and
several of the components may be mounted on a common
motherboard or in other manners as appropriate.

[0066] The processor 452 can execute instructions within
the mobile computing device 450, including instructions
stored in the memory 464. The processor 452 may be
implemented as a chipset of chips that include separate and
multiple analog and digital processors. The processor 452
may provide, for example, for coordination of the other
components of the mobile computing device 450, such as
control of user interfaces, applications run by the mobile
computing device 450, and wireless communication by the
mobile computing device 450.

[0067] The processor 452 may communicate with a user
through a control interface 458 and a display interface 456
coupled to the display 454. The display 454 may be, for
example, a TFT (Thin-Film-Transistor Liquid Crystal Dis-
play) display or an OLED (Organic Light Emitting Diode)
display, or other appropriate display technology. The display
interface 456 may comprise appropriate circuitry for driving
the display 454 to present graphical and other information to
a user. The control interface 458 may receive commands
from a user and convert them for submission to the processor
452. In addition, an external interface 462 may provide
communication with the processor 452, so as to enable near
area communication of the mobile computing device 450
with other devices. The external interface 462 may provide,
for example, for wired communication in some implemen-
tations, or for wireless communication in other implemen-
tations, and multiple interfaces may also be used.
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[0068] The memory 464 stores information within the
mobile computing device 450. The memory 464 can be
implemented as one or more of a computer-readable
medium or media, a volatile memory unit or units, or a
non-volatile memory unit or units. An expansion memory
474 may also be provided and connected to the mobile
computing device 450 through an expansion interface 472,
which may include, for example, a SIMM (Single In-Line
Memory Module) card interface. The expansion memory
474 may provide extra storage space for the mobile com-
puting device 450, or may also store applications or other
information for the mobile computing device 450. Specifi-
cally, the expansion memory 474 may include instructions to
carry out or supplement the processes described above, and
may include secure information also. Thus, for example, the
expansion memory 474 may be provide as a security module
for the mobile computing device 450, and may be pro-
grammed with instructions that permit secure use of the
mobile computing device 450. In addition, secure applica-
tions may be provided via the SIMM cards, along with
additional information, such as placing identifying informa-
tion on the SIMM card in a non-hackable manner.

[0069] The memory may include, for example, flash
memory and/or NVRAM memory (non-volatile random
access memory), as discussed below. In some implementa-
tions, a computer program product is tangibly embodied in
an information carrier. The computer program product con-
tains instructions that, when executed, perform one or more
methods, such as those described above. The computer
program product can be a computer- or machine-readable
medium, such as the memory 464, the expansion memory
474, or memory on the processor 452. In some implemen-
tations, the computer program product can be received in a
propagated signal, for example, over the transceiver 468 or
the external interface 462.

[0070] The mobile computing device 450 may communi-
cate wirelessly through the communication interface 466,
which may include digital signal processing circuitry where
necessary. The communication interface 466 may provide
for communications under various modes or protocols, such
as GSM voice calls (Global System for Mobile communi-
cations), SMS (Short Message Service), EMS (Enhanced
Messaging Service), or MMS messaging (Multimedia Mes-
saging Service), CDMA (code division multiple access),
TDMA (time division multiple access), PDC (Personal
Digital Cellular), WCDMA (Wideband Code Division Mul-
tiple Access), CDMA2000, or GPRS (General Packet Radio
Service), among others. Such communication may occur, for
example, through the transceiver 468 using a radio-fre-
quency. In addition, short-range communication may occur,
such as using a Bluetooth, WiFi, or other such transceiver
(not shown). In addition, a GPS (Global Positioning System)
receiver module 470 may provide additional navigation-
related and location-related wireless data to the mobile
computing device 450, which may be used as appropriate by
applications running on the mobile computing device 450.

[0071] The mobile computing device 450 may also com-
municate audibly using an audio codec 460, which may
receive spoken information from a user and convert it to
usable digital information. The audio codec 460 may like-
wise generate audible sound for a user, such as through a
speaker, e.g., in a handset of the mobile computing device
450. Such sound may include sound from voice telephone
calls, may include recorded sound (e.g., voice messages,
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music files, etc.) and may also include sound generated by
applications operating on the mobile computing device 450.
[0072] The mobile computing device 450 may be imple-
mented in a number of different forms, as shown in the
figure. For example, it may be implemented as a cellular
telephone 480. It may also be implemented as part of a
smart-phone 482, personal digital assistant, or other similar
mobile device.

[0073] Various implementations of the systems and tech-
niques described here can be realized in digital electronic
circuitry, integrated circuitry, specially designed ASICs (ap-
plication specific integrated circuits), computer hardware,
firmware, software, and/or combinations thereof. These
various implementations can include implementation in one
or more computer programs that are executable and/or
interpretable on a programmable system including at least
one programmable processor, which may be special or
general purpose, coupled to receive data and instructions
from, and to transmit data and instructions to, a storage
system, at least one input device, and at least one output
device.

[0074] These computer programs (also known as pro-
grams, software, software applications or code) include
machine instructions for a programmable processor, and can
be implemented in a high-level procedural and/or object-
oriented programming language, and/or in assembly/ma-
chine language. As used herein, the terms machine-readable
medium and computer-readable medium refer to any com-
puter program product, apparatus and/or device (e.g., mag-
netic discs, optical disks, memory, Programmable Logic
Devices (PLDs)) used to provide machine instructions and/
or data to a programmable processor, including a machine-
readable medium that receives machine instructions as a
machine-readable signal. The term machine-readable signal
refers to any signal used to provide machine instructions
and/or data to a programmable processor.

[0075] To provide for interaction with a user, the systems
and techniques described here can be implemented on a
computer having a display device (e.g., a CRT (cathode ray
tube) or LCD (liquid crystal display) monitor) for displaying
information to the user and a keyboard and a pointing device
(e.g., a mouse or a trackball) by which the user can provide
input to the computer. Other kinds of devices can be used to
provide for interaction with a user as well; for example,
feedback provided to the user can be any form of sensory
feedback (e.g., visual feedback, auditory feedback, or tactile
feedback); and input from the user can be received in any
form, including acoustic, speech, or tactile input.

[0076] The systems and techniques described here can be
implemented in a computing system that includes a back end
component (e.g., as a data server), or that includes a middle-
ware component (e.g., an application server), or that
includes a front end component (e.g., a client computer
having a graphical user interface or a Web browser through
which a user can interact with an implementation of the
systems and techniques described here), or any combination
of such back end, middleware, or front end components. The
components of the system can be interconnected by any
form or medium of digital data communication (e.g., a
communication network). Examples of communication net-
works include a local area network (LAN), a wide area
network (WAN), and the Internet.

[0077] The computing system can include clients and
servers. A client and server are generally remote from each
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other and typically interact through a communication net-
work. The relationship of client and server arises by virtue
of computer programs running on the respective computers
and having a client-server relationship to each other.
[0078] Embodiments and all of the functional operations
described in this specification may be implemented in digital
electronic circuitry, or in computer software, firmware, or
hardware, including the structures disclosed in this specifi-
cation and their structural equivalents, or in combinations of
one or more of them. Embodiments may be implemented as
one or more computer program products, i.e., one or more
modules of computer program instructions encoded on a
computer readable medium for execution by, or to control
the operation of, data processing apparatus. The computer
readable medium may be a machine-readable storage
device, a machine-readable storage substrate, a memory
device, a composition of matter effecting a machine-read-
able propagated signal, or a combination of one or more of
them. The term “data processing apparatus™ encompasses all
apparatus, devices, and machines for processing data,
including by way of example a programmable processor, a
computer, or multiple processors or computers. The appa-
ratus may include, in addition to hardware, code that creates
an execution environment for the computer program in
question, e.g., code that constitutes processor firmware, a
protocol stack, a database management system, an operating
system, or a combination of one or more of them. A
propagated signal is an artificially generated signal, e.g., a
machine-generated electrical, optical, or electromagnetic
signal that is generated to encode information for transmis-
sion to suitable receiver apparatus.

[0079] A computer program (also known as a program,
software, software application, script, or code) may be
written in any form of programming language, including
compiled or interpreted languages, and it may be deployed
in any form, including as a stand-alone program or as a
module, component, subroutine, or other unit suitable for
use in a computing environment. A computer program does
not necessarily correspond to a file in a file system. A
program may be stored in a portion of a file that holds other
programs or data (e.g., one or more scripts stored in a
markup language document), in a single file dedicated to the
program in question, or in multiple coordinated files (e.g.,
files that store one or more modules, sub programs, or
portions of code). A computer program may be deployed to
be executed on one computer or on multiple computers that
are located at one site or distributed across multiple sites and
interconnected by a communication network.

[0080] The processes and logic flows described in this
specification may be performed by one or more program-
mable processors executing one or more computer programs
to perform functions by operating on input data and gener-
ating output. The processes and logic flows may also be
performed by, and apparatus may also be implemented as,
special purpose logic circuitry, e.g., an FPGA (field pro-
grammable gate array) or an ASIC (application specific
integrated circuit).

[0081] Processors suitable for the execution of a computer
program include, by way of example, both general and
special purpose microprocessors, and any one or more
processors of any kind of digital computer. Generally, a
processor will receive instructions and data from a read only
memory or a random access memory or both. The essential
elements of a computer are a processor for performing



US 2017/0123495 Al

instructions and one or more memory devices for storing
instructions and data. Generally, a computer will also
include, or be operatively coupled to receive data from or
transfer data to, or both, one or more mass storage devices
for storing data, e.g., magnetic, magneto optical disks, or
optical disks. However, a computer need not have such
devices. Moreover, a computer may be embedded in another
device, e.g., a tablet computer, a mobile telephone, a pet-
sonal digital assistant (PDA), a mobile audio player, a
Global Positioning System (GPS) receiver, to name just a
few. Computer readable media suitable for storing computer
program instructions and data include all forms of non-
volatile memory, media and memory devices, including by
way of example semiconductor memory devices, e.g.,
EPROM, EEPROM, and flash memory devices; magnetic
disks, e.g., internal hard disks or removable disks; magneto
optical disks; and CD ROM and DVD-ROM disks. The
processor and the memory may be supplemented by, or
incorporated in, special purpose logic circuitry.
[0082] While this specification contains many specifics,
these should not be construed as limitations on the scope of
the disclosure or of what may be claimed, but rather as
descriptions of features specific to particular embodiments.
Certain features that are described in this specification in the
context of separate embodiments may also be implemented
in combination in a single embodiment. Conversely, various
features that are described in the context of a single embodi-
ment may also be implemented in multiple embodiments
separately or in any suitable subcombination. Moreover,
although features may be described above as acting in
certain combinations and even initially claimed as such, one
or more features from a claimed combination may in some
cases be excised from the combination, and the claimed
combination may be directed to a subcombination or varia-
tion of a subcombination.
[0083] Similarly, while operations are depicted in the
drawings in a particular order, this should not be understood
as requiring that such operations be performed in the par-
ticular order shown or in sequential order, or that all illus-
trated operations be performed, to achieve desirable results.
In certain circumstances, multitasking and parallel process-
ing may be advantageous. Moreover, the separation of
various system components in the embodiments described
above should not be understood as requiring such separation
in all embodiments, and it should be understood that the
described components and systems may generally be inte-
grated together in a single product or multiple products.
[0084] A number of embodiments have been described.
Nevertheless, it will be understood that various modifica-
tions may be made without departing from the spirit and
scope of the invention. In addition, the logic flows depicted
in the figures do not require the particular order shown, or
sequential order, to achieve desirable results. In addition,
other steps may be provided, or steps may be eliminated,
from the described flows, and other components may be
added to, or removed from, the described systems. Accord-
ingly, other embodiments are within the scope of the fol-
lowing claims.

What is claimed is:

1. An apparatus for detecting brain signal information
from a human’s head, the apparatus comprising;

a casing including an outer surface and an inner surface,
the casing’s shape defining a concaved interior region
configured to receive a portion of the head, the casing
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defining a plurality of electrode openings, each elec-

trode opening of the plurality of electrode openings

comprising a hole extending between the outer surface
and the inner surface;

a conductive EMI shield material disposed either (i) on
the inner or outer surfaces of the casing, (ii) in a wall
of the casing, or (iii) within the interior region defined
by the casing, the conductive EMI shield configured to
operate as an EMI shield; and

a conductive wire electrically coupled to the conductive
EMI shield and configured to conduct energy received
from the conductive EMI shield to a region of the
human that is distinct from sites recording the brain
signal information.

2. The apparatus of claim 1, further comprising one or
more electrode assemblies, wherein each electrode assembly
of the one or more electrode assemblies is configured to be
disposed within one electrode opening of the plurality of
electrode openings, and wherein each electrode assembly is
configured to receive the brain signal information from a
surface of the human’s head.

3. The apparatus of claim 2, wherein the one or more
electrode assemblies are configured to be physically repo-
sitionable in relation to respective electrode openings of the
casing.

4. That apparatus of claim 3, wherein the one or more
electrode assemblies are configured to be slidably and
pivotably repositionable in relation to respective electrode
openings of the casing.

5. The apparatus of claim 1, further comprising a chin
strap coupled to the casing.

6. The apparatus of claim 5, wherein at least a portion of
the conductive wire is coupled with the chin strap.

7. The apparatus of claim 1, further comprising controller
circuitry including one or more microprocessors, wherein
the controller circuitry is configured to receive the brain
signal information.

8. The apparatus of claim 7, further comprising a user
interface in electrical communication with the controller
circuitry, wherein the user interface comprises one or more
elements by which (i) user inputs can be provided to the
controller circuitry or (ii) outputs can be provided from the
controller circuitry.

9. The apparatus of claim 7, further comprising a com-
munications interface in electrical communication with the
controller circuitry, wherein the communications interface is
configured to facilitate communications between the con-
troller circuitry and an external computing device.

10. The apparatus of claim 9, wherein the communica-
tions interface is a wireless communications interface.

11. A brain-computer interface system comprising:

a helmet-like apparatus for recording brain signal infor-
mation from a human’s head, the helmet-like apparatus
comprising:

a casing including an outer surface and an inner sur-
face, the casing’s shape defining a concaved interior
region configured to receive a portion of the head,
the casing defining a plurality of electrode openings,
each electrode opening of the plurality of electrode
openings comprising a hole extending between the
outer surface and the inner surface;

a conductive EMI shield material disposed (i) on the
inner or outer surfaces of the casing, (ii) in the
casing, or (iii) within the interior region defined by
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the casing, the conductive EMI shield configured to
operate as an EMI shield; and

a conductive wire electrically coupled to the conductive
EMI shield and configured to conduct energy
received from the conductive EMI shield to a region
of the human that is distinct from sites recording
electromagnetic signals; and

a computing device configured to receive communica-

tions from the helmet-like apparatus.

12. The system of claim 11, further comprising one or
more electrode assemblies, wherein each electrode assembly
of the one or more electrode assemblies is configured to be
disposed within one electrode opening of the plurality of
electrode openings, and wherein each electrode assembly is
configured to receive the brain signal information captured
from a surface of the human’s head.

13. The system of claim 12, wherein the one or more
electrode assemblies are configured to be physically repo-
sitionable in relation to respective electrode openings of the
casing.

14. The system of claim 12, wherein the computing device
is configured to process the captured brain signal informa-
tion to detect if the captured brain signal information is
indicative of an intention of the human.
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15. The system of claim 14, wherein, in response to
detecting that the captured brain signal information is
indicative of an intention of the human, the computing
device is configured to perform one or more actions corre-
sponding to the intention.

16. The system of claim 11, wherein the communications
comprise wireless communications.

17. The system of claim 11, further comprising a chin
strap coupled to the casing.

18. The system of claim 17, wherein at least a portion of
the conductive wire is coupled with the chin strap.

19. The system of claim 11, further comprising controller
circuitry including one or more microprocessors, wherein
the controller circuitry is configured to receive the brain
signal information.

20. The system of claim 19, further comprising a user
interface in electrical communication with the controller
circuitry, wherein the user interface comprises one or more
elements by which (i) user inputs can be provided to the
controller circuitry or (ii) outputs can be provided from the
controller circuitry.
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