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METHOD AND SYSTEM FOR COLLECTING
AND PROCESSING BIOELECTRICAL
SIGNALS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
application Ser. No. 15/209,582, filed 13 Jul. 2016, which
claims the benefit of U.S. Provisional Application Ser. No.
62/201,256, filed 5 Aug. 2015, which are each incorporated
in their entirety herein by this reference. This application
claims the benefit of U.S. Provisional Application Ser. No.
62/660,853 filed 20 Apr. 2018, which is incorporated herein
in its entirety by this reference.

TECHNICAL FIELD

[0002] This invention relates generally to the field of
digital signal collection and processing, and more specifi-
cally to a new and useful method and system for collecting,
processing, and analyzing bioelectrical signals.

BRIEF DESCRIPTION OF THE FIGURES

[0003] FIG. 1 depicts data flows of an embodiment of a
method for detecting bioelectrical signals of a user.

[0004] FIG. 2 depicts a flowchart of an embodiment of the
method
[0005] FIG. 3 depicts a schematic representation of an

example of controlling a user device.

[0006] FIGS. 4A-4B depict variations of an embodiment
of a system for detecting bioelectrical signals of a user.
[0007] FIGS. 5A-5C depict graphical representations of
user anatomical regions and variations of an embodiment of
the system.

[0008] FIG. 6 depicts a graphical representation of a
variation of an embodiment of the system.

[0009] FIG. 7 depicts a block diagram of a variation of an
embodiment of the system.

[0010] FIG. 8 depicts a block diagram of a variation of an
embodiment of the system.

[0011] FIG. 9 depicts a block diagram of a variation of an
embodiment of the system.

[0012] FIG. 10 depicts a block diagram of a variation of an
embodiment of the system.

[0013] FIG. 11 depicts a block diagram of a variation of an
embodiment of the system including contact quality moni-
toring.

[0014] FIG. 12 depicts a graphical representation of a
variation of an embodiment of the system.

[0015] FIGS. 13A-13C depict perspective, side, and top
views of a variation of an embodiment of the system.
[0016] FIG. 14 depicts a flow chart of an embodiment of
a portion of the method implemented by a specific example
embodiment of the system.

[0017] FIG. 15 is a schematic representation of an
example of the method.

[0018] FIG. 16 is a specific example of extracting heart
features from an EEG signal.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0019] The following description of the preferred embodi-
ments of the invention is not intended to limit the invention
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to these preferred embodiments, but rather to enable any
person skilled in the art to make and use this invention.

1. Overview.

[0020] As shown in FIGS. 1-2, an embodiment of a
method 100 for detecting bioelectrical signals from a user,
includes: establishing bioelectrical contact between a user
and a sensor of a biomonitoring neuroheadset S110; sam-
pling, at the sensor, a bioelectrical signal dataset S120;
collecting one or more reference signal datasets S124;
generating a reference signal dataset from the one or more
reference signal datasets S130; and extracting a bioparam-
eter from the bioelectrical dataset in combination with the
reference signal dataset S140. In variants, S124 can include
collecting two or more reference signal datasets, and S130
can include generating a combined reference signal dataset
(e.g., averaged reference signal dataset) from two or more
reference signal datasets, wherein the bioparameter can be
extracted from the bioelectrical dataset in combination with
the averaged reference signal dataset. The method 100 can
additionally or alternatively include: determining auxiliary
data at the biomonitoring headset S135; transmitting a
dataset to a user and/or user device S150; generating an
analysis of a dataset S160; operating a device (e.g., the
biomonitoring headset, a third party device, etc.) S170; and,
determining a stimulus S180. While variations of the method
can be performed exclusively by a biomonitoring neuro-
headset, other variations of the method can involve perfor-
mance of portions of the method by any component of a
system 200, including one or more of a remote server, a local
processing system, a user device (e.g., a smartphone, a
laptop, a tablet, a desktop, a smartwatch, etc.), a third party
device, and/or any other suitable component.

[0021] In variations, the method 100 functions to collect,
process, and analyze bioelectrical signals for monitoring
psychological and/or physiological status of a user. The
method 100 can additionally or alternatively function to
leverage analyzed bioelectrical signals to specify control
instructions for a user device (e.g., a smartphone, a bio-
monitoring neuroheadset, etc.), to generate (e.g., extract,
create, process data into, etc.) bioparameters (e.g., a cogni-
tive state metric describing emotional status, cardiovascular
parameters, etc.) describing a user, and/or to provide stimu-
lus (e.g., audio therapy) at an output 260 (e.g., speaker) of
the biomonitoring neuroheadset. The method 100 is prefer-
ably performed with an embodiment, variation, or example
of the system 200 (e.g., described in Section 4), but can
alternatively be performed with any other suitable system
and/or component.

[0022] As shown in FIGS. 13A-C, an embodiment of a
system 200 for detecting bioelectrical signals from a user
includes: two or more bioelectrical signal sensors 210 con-
figured to collect bioelectrical signal data from the user; a
noise reduction subsystem 220 including two or more ref-
erence sensors configured to collect reference signal data
contemporaneously with the collection of bioelectrical sig-
nal data; an averaging module 230 coupled to the two or
more reference sensors configured to generate an averaged
reference signal (e.g., averaged reference signal data); a
wearable support frame 240 worn at a head region of the
user, the wearable support frame 240 supporting and physi-
cally connecting the two or more bioelectrical sensors 210
and the two or more reference sensors; and an electronics
subsystem 250 including a processing module 252 config-
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ured to extract a bioparameter at least in part from process-
ing the bioelectrical signal data with the averaged reference
signal data, the electronics subsystem 250 electronically
connected to the one or more bioelectrical signal sensors
210, the noise reduction subsystem 220, and the averaging
module 230.

[0023] The system 200 functions to collect and process
multiple types of data (e.g., electroencephalogram data,
electrocardiogram data, audio/visual signal data, bioelectri-
cal data, haptic feedback data, etc.) for monitoring psycho-
logical and/or physiological status of a user. The system 200
can additionally or alternatively function to ensure a high
level of contact quality between sensors of the biomonitor-
ing neuroheadset and the user, in order to accurately collect
and analyze different types of data. The system 200 can
perform any portions of the method 100 (e.g., described in
Section 3), but the system 200 can additionally or alterna-
tively perform any other suitable operations.

2. Benefits.

[0024] 1In specific examples, the method 100 and/or sys-
tem 200 can confer several benefits over conventional
methodologies for collecting and processing bioelectrical
signals (e.g., with auxiliary signals such as audio signals,
multiple bioelectrical signal streams, etc.). Traditional
approaches can face limitations from inability to contempo-
raneously measure multiple bioelectrical signals while pre-
venting cross-talk and sufficiently eliminating associated
noise. However, in specific examples, the method 100 and/or
system 200 can perform one or more of the following:
[0025] First, the technology can leverage a biomonitoring
neuroheadset for continuously monitoring bioelectrical sig-
nals of users for use in a plethora of time-dependent appli-
cations such as monitoring health status and neuromarket-
ing. In an example of determining bioparameters, the
technology can analyze electroencephalogram (EEG) sig-
nals and user input in order to determine both psychological
status (e.g., generating a cognitive state metric correspond-
ing to a user’s emotional state at a given time period) and
physiological status (e.g., determining cardiovascular biopa-
rameters for a time period from EEG data collected proximal
an ear region of the user). In an example of consumer
research, neuromarketing, and/or neuromarketing or con-
sumer insights, the technology can collect EEG signals and
audio commentary from a user as the user is exposed to
different types of media (e.g., advertisements, television,
movies, video games, etc.) in order to determine how
different aspects of media affect a user’s emotional state.
[0026] Second, the technology can simultaneously collect
both bioelectrical signals (e.g., EEG, electrocardiogram,
electromyography, electrooculography, etc.) and auxiliary
signals while preventing cross-talk and reducing noise asso-
ciated with the signals in real-time. As such, the technology
can generate combined bioelectrical signal and auxiliary
signal processed datasets that are accurate and primed for
subsequent transmission (e.g., to a user device, to a remote
processing module, etc.) and analysis (e.g.. for evaluating
cognitive state).

[0027] Third, the technology can simultaneously collect
bioelectrical signals from multiple body regions of the user
and perform averaging and other processing operations on
the simultaneously collected signals to improve system
performance (e.g., reduce noise, reduce EEG event detection
thresholds, etc.). As such, the technology can generate
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bioelectrical signal datasets (e.g., aggregated bioelectrical
datasets) from one or more biosensors that are accurate and
primed for subsequent transmission (e.g., to a user device, to
a remote processing module, etc.) and analysis (e.g., for
evaluating cognitive state). In one variation, the method
generates a more accurate representation of the common
mode noise and reduces the proximal signal component
(e.g., typically present in measurements by reference sensors
located proximal the biosensor or active electrode) by aver-
aging the raw (bioelectrical) reference signals sampled at
two or more physical locations on the user proximal (e.g,,
within several millimeters or centimeters of) the biosensor
location(s). In a second variation, the method generates a
more accurate representation of the common mode noise,
even if the reference sensors (e.g., CMS electrodes, DRL
electrodes) are arranged distal (e.g., separated by more than
several millimeters or centimeters of) the biosensors. In an
example, the use of multiple DRL locations distributes the
feedback and also halves the contact impedance for the
feedback system. The biosensors can include EEG sensors,
active sensors, biopotential sensors, biosignal sensors, sen-
sors that can sample any subset of the channels of a 10:20
EEG system, and/or any other suitable set of operational
sensors. This can create a virtual resultant reference signal
(e.g., referential montage) that is effectively mid-way
between the two ear reference signals (e.g., in signal space).
Furthermore, any independent EEG contribution from ref-
erence signals collected at each ear flap can be significantly
reduced by the averaging process. Because the resultant
reference signal averages out the proximal signal component
present in the reference signals (e.g., minimizes the local
effects of to-be-measured brain signals on a reference signal
sampled near the biosensor), the resultant bioparameter
values (e.g., EEG measurements), which are determined
based on the potential difference between the bioelectrical
signals (e.g., EEG signals) and the resultant reference signal,
can have higher signal fidelity, while maintaining the com-
mon mode rejection.

[0028] In an example, the reference signal can be deter-
mined from the average value of signals (e.g., bioelectrical
signals, biosignals) sampled from each of two ear locations
(e.g., reference signals derived from the right and left ear
flaps, wherein sensors are so located to collect bioelectrical
signals) such that the reference signal contains averaged
portions from both ear locations. The averaging process
maintains those biosignal components common to both
sensor locations (e.g., the “common mode signal” or back-
ground body potential), and the differential measurement of
the biosignal at each ear canal location maintains a similar
common mode rejection (e.g., substantially improving the
common mode signal by removing or reducing non-com-
mon comporents, such as EEG and local muscle signals,
which are present in a signal measured from a single
location) as a reference sensor placed more closely to one or
the other ear location. Simultaneously, the location-specific
(e.g., EEQG) signals from the two ear locations are measured
relative to a reference level (e.g., the resultant reference
signal), which contains a diminished contribution of the
local signal (e.g., as opposed to the reference electrode
proximal the respective ear location) due to the averaged
referencing process. Measuring the location-specific signals
relative to the resultant reference signal can result in
improved signal fidelity versus a proximally-located refer-
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ence sensor, which can cancel desired brain-derived signals
due to the closely-collocated sensors.

[0029] Fourth, the technology can optionally include
speakers (e.g., embedded in an ear bud with an EEG sensor),
which can be used for emitting audio (e.g., audio therapies
generated based on evaluated cognitive state of a user, music
for recreational purposes, music for therapeutic purposes,
etc.). A user’s response (e.g., EEG signal response, audio
signal response, evoked potential response etc.) to emitted
audio samples can be continuously monitored using the
biomonitoring neurcheadset providing the audio sample. In
some examples, the user’s cognitive state can be used as
feedback to the audio source to adjust the emitted audio
(e.g., change a song due to a user preference expressed in the
cognitive state, such as a negative valence associated with
the current song).

[0030] Fifth, as the technology can collect bioelectrical
signals and audio signals contemporaneously in real-time,
generated analyses (e.g., generated bioparameters, therapies,
etc.) of collected data can be presented and/or promoted to
a user in real-time (e.g., during the time period in which the
data was collected). As such, the technology can provide
real-time and/or retrospective (e.g., leveraging collected
data stored at remote server) analyses. The technology can
optionally collect contextual data and/or supplemental data
(e.g., in addition to the EEG data), wherein the bioparameter
can be determined from all or a subset of the aforementioned
data (e.g., using sensor fusion, trained neural networks, etc.).
[0031] The technology can, however, provide any other
suitable benefit(s) in the context of collecting bioelectrical
signals and/or auxiliary signals for evaluating user status.

3. Method.

[0032] As shown in FIGS. 1-2, an embodiment of a
method 100 for detecting bioelectrical signals from a user
can include: establishing bioelectrical contact between a
user and a sensor of a biomonitoring neuroheadset S110;
sampling, at the sensor, a bioelectrical signal dataset S120;
collecting one or more reference signal datasets S124;
generating an averaged reference signal dataset from the two
or more reference signal datasets S130; and extracting a
bioparameter from the bioelectrical dataset in combination
with the averaged reference signal dataset S140.

[0033] In some variations, the method 100 can addition-
ally or alternatively include: determining auxiliary data at
the biomonitoring headset S135; transmitting a dataset to a
user S150; generating an analysis of a dataset S160; oper-
ating a device (e.g., the biomonitoring headset, a third party
device, etc.) S170; and, determining a stimulus S180.
[0034] In relation to the method 100, the two or more
bioelectrical datasets are preferably combined with the aver-
aged reference signal dataset in the analog domain, and the
bioparameter is extracted from the combination (e.g., sub-
sequent to amplification of the combination, differential
amplification of the combination, amplification of the dif-
ferential between the bioelectrical signal datasets and the
averaged reference signal datasets, etc.) in the digital
domain (e.g., via a digital computational process). In alter-
native variations, the two or more bioelectrical datasets are
transformed into the digital domain prior to extraction of the
bioparameter (e.g., in combination with the averaged refer-
ence signal dataset, which can be in the digital or analog
domain). However, in additional or alternative variations,
any suitable Block of the method 100 can be performed in
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the analog or digital domain, using any suitable components
for signal processing in the analog or digital domains,
respectively.

3.1 Establishing Bioelectrical Contact.

[0035] As shown in FIG. 2, Block S110 recites: establish-
ing bioelectrical contact between a user and two or more
sensors of a biomonitoring neuroheadset, which functions to
facilitate a bioelectrical interface between an individual and
a biosignal detector. Establishing bioelectrical contact S110
is preferably between sensors of a biomonitoring neurohead-
set and a human, but can additionally or alternatively be with
a biomonitoring neuroheadset and any other suitable organ-
ism (e.g., a pet, an animal, etc.). One or more bioelectrical
sensors of the biomonitoring neuroheadset preferably
include one or more EEG sensors and one or more reference
sensors (e.g., reference electrodes, common mode sense
(CMS) biopotential electrodes, driven right leg (DRL) pas-
sive electrodes, etc.). Alternatively, the biomonitoring neu-
roheadset can omit specific reference sensors and self-
reference the bioelectrical potential measurement (e.g.,
against an arbitrary reference value, a predetermined refer-
ence value, an electrical potential value detected at another
EEG sensor, etc.) and/or otherwise suitably obtain a differ-
ential potential measurement. However, the biomonitoring
neuroheadset can additionally or alternatively include any
bioelectrical signal sensors configured to detect any one or
more of: electrooculography (FOG) signals, electromyog-
raphy (EMG) signals, electrocardiography (ECG) signals,
galvanic skin response (GSR) signals, magnetoencephalo-
gram (MEG) signals, and/or any other suitable signal.

[0036] Relating to Block S110, bioelectrical contact is
preferably established through sensors arranged at a particu-
lar location or region of the user (e.g., head region, torso
region, etc.). The sensors of the biomonitoring headset are
preferably arranged at contralateral regions of a head region
of the user in order to facilitate biosignal detection at
opposing sides of the head region, but can be otherwise
suitably arranged. For example, Block S110 can include
establishing bioelectrical contact between a first subregion
of an ear region of the user and an EEG sensor of a
biomonitoring neurcheadset. In a specific example, the first
subregion of the ear region (e.g., an ear region of a left ear)
can include an ear canal (e.g., a left ear canal) of the user.
Block S110 can also include establishing bioelectrical con-
tact between a first contralateral subregion of a contralateral
ear region (e.g., an ear region of a right ear) of the user and
a second EEG sensor of the biomonitoring neuroheadset,
where the first contralateral subregion can include a con-
tralateral ear canal (e.g., a right ear canal) of the user.

[0037] In a first variation of Block S110 where the bio-
monitoring neuroheadset includes one or more common
mode sensors, Block S110 can additionally or alternatively
include establishing bioelectrical contact between a second
subregion of the ear region of the user and a reference sensor
(e.g., a common mode sensor) of a noise reduction subsys-
tem of the biomonitoring neuroheadset S112. In a specific
example of the variation, the second ear subregion is proxi-
mal the first subregion (e.g., within several millimeters,
several centimeters, several inches, etc.), and the EEG
sensor is proximal the reference sensor. In another specific
example, the second ear subregion is distal the first subre-
gion (e.g., several centimeters apart, several inches apart,
etc.), and the EEG sensor is distal the reference sensor. In
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another specific example, Block S112 can include establish-
ing bioelectrical contact between a second contralateral
subregion of the contralateral ear region of the user and a
second common mode sensor of a noise reduction subsystem
of the biomonitoring neuroheadset. In this specific example,
the second subregion can include an ear subregion proximal
a mastoid process of a temporal bone of the user, and where
the second contralateral subregion can include a contralat-
eral ear subregion proximal a contralateral mastoid process
of a contralateral temporal bone of the user. In this specific
example, the first contralateral subregion is proximal the
second contralateral subregion, and the second EEG sensor
is proximal the second common mode sensor. In an illus-
trative example of the specific example, the system can
include a left and right EEG sensor, and a right CMS sensor.
In a second illustrative example, the illustrative example
above can additionally include a second averaged CMS
sensor.

[0038] In a second variation of Block S110 where the
biomonitoring neuroheadset includes one or more driven
right leg (DRL) sensors of a driven right leg module, Block
S110 can include establishing bioelectrical contact between
a third subregion of the ear region of the user and a DRL
electrode of a DRL module of the noise reduction subsystem
S114. The third subregion is preferably at an ear region (e.g.,
proximal a mastoid process of a temporal bone of the user),
but can alternatively be at any suitable anatomical position
of the user. This variation can be used in combination with,
or independently from, the second variation.

[0039] In one example, the biomonitoring neuroheadset
includes two or more DRL electrodes arranged in two
locations on the user (e.g., a third and fourth ear subregion),
in addition to two or more CMS sensors arranged on the
user. In a specific example, the headset includes at least a
first and second DRL electrode arranged proximal (e.g.,
within several millimeters, centimeters, etc.) another refer-
ence sensor, such as a CMS sensor (e.g., wherein the first
and second DRL electrodes are arranged proximal a first and
second reference sensor, respectively, but can alternatively
be arranged proximal the same reference sensor). In this
specific example, the reference sensors (that the DRL elec-
trodes are arranged proximal to) are preferably the reference
sensors outputting the reference signals that are subse-
quently averaged, but can alternatively be other reference
signals. This can function to generate a virtual reference
similar to a linked-ear reference, which can cancel true
common mode signals and/or resolve imbalanced compen-
sation problems resulting from collocated DRL and CMS
electrodes. This can also provide some redundancy in the
feedback path, which can improve the chance that at least
one DRL electrode will be in good contact with the user.

[0040] In variations of Block S110, establishing bioelec-
trical contact can include any elements analogous to those
disclosed in U.S. patent application Ser. No. 13/903,861
filed 28 May 2013, U.S. patent application Ser. No. 14/447,
326 filed 30 Jul. 2014, and U.S. patent application Ser. No.
15/058,622 filed 2 Mar. 2016, which are hereby incorporated
in their entirety by this reference. However, establishing
bioelectrical contact between body regions of a user and
different types of sensors can be performed in any suitable
mannet.
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3.2 Collecting a Bioelectrical Signal Dataset.

[0041] As shown in FIG. 2, Block S120 recites: collecting,
at the one or more sensors, one or more bioelectrical signal
datasets, which functions to collect data indicative of a
psychological and/or physiological state of a user. The
collected dataset(s) preferably include bioelectrical signal
data collected at one or more sensors in bioelectrical contact
with the user as described in relation to Block S110. For
example, Block S120 can include collecting one or more
EEG, EOG, EMG, ECG, GSR, and/or MEG signal datasets
at corresponding bioelectrical sensors. Additionally or alter-
natively, any suitable dataset (e.g., supplemental data, etc.)
can be collected at a user device. Further, any number, size
and/or sizes of datasets can be collected.

[0042] In relation to Block S120, collecting one or more
bioelectrical signal datasets is preferably characterized by
collection instructions given by a processing module (e.g., a
control printed circuit board) of an electronics subsystem of
the biomonitoring neuroheadset. Additionally or alterna-
tively, Block S120 can include collecting one or more
bioelectrical signal datasets according to predetermined
(e.g., by a manufacturer, by a user, by a care provider, etc.)
and/or automatically determined (e.g., based on a computa-
tional model, thresholds, etc.) collection instructions and/or
parameters. However, collecting one or more bioelectrical
signal datasets can be characterized by any suitable criteria.
[0043] With respect to temporal aspects relating to Block
S120, collecting one or more bioelectrical signal datasets
can be performed during, associated with, and/or correspond
to any suitable temporal indicator (e.g., time point, time
window, time period, duration, etc.). Time periods can be of
any suitable length (e.g., on the order of seconds, minutes,
hours, days, etc.). In variations, Block S120 can be per-
formed in response to (e.g., instantaneously, substantially
instantaneously, etc.) events such as an audible signal (e.g,
a detected audio signal, provided audio content, etc.), a
visual signal (e.g., a detected visual signal, displayed visual
content such as an image, etc.), and any other suitable event.
In a specific example, Block S120 can include collecting, at
an EEG sensor, an EEG signal dataset from the user during
a first time period. Additionally or alternatively, collecting
one or more bioelectrical signal datasets S120 can be
performed during time periods in which the user is perform-
ing a specific activity. Specific activities can include any
combination of: engaging in content (e.g., digital content,
television, music, film, video games, etc.), interacting with
other individuals (e.g., during conversation, at a social
activity, at a workplace activity), daily activities (e.g., at
home, at work, during sleep, during meals, etc.), and/or any
other suitable activity. However, collecting one or more
bioelectrical signal datasets can be performed at any suitable
time as the user performs any suitable action.

[0044] In relation to temporal aspects of Block S120 and
other portions of the method 100, time points (e.g., time
stamps, temporal markers indicative of regions of the bio-
electrical signal datasets, etc.) can include: a start or stop
time of a piece of media content (e.g., a video observed by
the user), detection of the user making a gesture, and other
periods of time of low specificity. Additionally or alterna-
tively, time points can be of high specificity (e.g.. indicative
of the exact moment of onset of a visual, audible, or other
stimulus). High specificity time points can be utilized to
detect responses in the bioelectrical signals (e.g., spontane-
ous involuntary brain responses, evoked potentials, etc.).



US 2019/0246982 Al

Such responses can be extracted in the course of a single trial
(e.g., single bioelectrical signal collection), repeated trials
(e.g., repeated application of identical stimuli and subse-
quent signal averaging to improve signal-to-noise ratio of
the evoked potential response above background bioelectri-
cal signals), or otherwise suitably extracted. In cases
wherein repeated trials are utilized, high specificity time
localization of response to stimuli can be used to determine
and/or label bioelectrical signal portions corresponding to
the stimulus response (e.g., label time locked stimuli corre-
sponding to one sample period, such as 3 milliseconds for a
256 Hz sampling rate, etc.).

[0045] Regarding Block S120, additionally or alterna-
tively, collecting one or more bioelectrical signal datasets
can include any elements disclosed in U.S. patent applica-
tion Ser. No. 13/903,861 filed 28 May 2013, U.S. patent
application Ser. No. 14/447 326 filed 30 Jul. 2014, and U.S.
patent application Ser. No. 15/058,622 filed 2 Mar. 2016,
which are hereby incorporated in their entirety by this
reference. However, Block S120 can be performed in any
suitable manner.

[0046] Regarding Block S120, the collected bioelectrical
signal datasets are preferably differential measurements ref-
erenced to a reference value, but can alternatively be the
signal (e.g., voltage) sampled at a biosensor (e.g., bioelec-
trical sensor) or be any other suitable set of signals. The
reference value is preferably determined by collecting one or
more reference signal datasets at one or more reference
sensors, as described further below.

3.3 Collecting a Reference Signal Dataset.

[0047] As shown in FIGS. 1-2, Block S124 recites: col-
lecting one or more reference signal datasets, which func-
tions to collect reference signal data against which to
reference the bioelectrical signal datasets collected in Block
S120 (e.g. in a differential potential measurement, individu-
ally referencing, referencing after averaging the reference
signal datasets as in Block S130, etc.). Collecting one or
more reference signal datasets is preferably performed with
one or more reference electrodes (e.g., arranged proximal
the sensor, the biosensor electrode, the active electrode,
EEG electrode, etc.), common mode sensors, and/or one or
more DRL electrodes or modules. In a specific example,
Block S124 can include collecting, at a common mode
sensor, a common mode signal dataset, where the common
mode signal dataset can enable detection and removal of
common-mode components of noise to facilitate down-
stream signal processing. Additionally or alternatively, one
more collected reference signal datasets can include any
suitable amount, type and/or combination of reference sig-
nals for reducing noise associated with any suitable dataset
related to the method 100.

[0048] With respect to temporal aspects relating to Block
S124, collecting one or more reference signal datasets is
preferably performed in parallel, simultaneously, and/or
contemporaneously with collecting one or more bioelectri-
cal signal datasets as in Block S120. As such, Block S124 is
preferably performed during the same temporal indicator
(e.g., during the same time period) at which Block S120 is
performed. In a specific example, Block S124 can include
collecting, at a common mode sensor, a common mode
signal dataset contemporaneously with collecting an EEG
signal dataset during a time period. In a second specific
example, Block S124 can include sampling (and/or collect-
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ing), a first and second reference signal dataset with a first
and second reference sensor, respectively, during the same
time period as EEG signal dataset sampling (and/or collect-
ing) with the sensor (e.g.. EEG sensor). In this specific
example, at least one of the first and second reference
sensors is collocated (e.g., within a predetermined distance)
with the sensor (e.g., EEG sensor). Additionally or alterna-
tively, reference signal datasets can be collected concur-
rently, contemporaneously, in serial, before, after, and/or
with any other suitable relationship to other portions of the
method 100. The reference sensors are preferably common
mode sensors (e.g., CMS biopotential electrodes), but can
alternatively be ground sensors (ground electrodes) or be
any suitable sensor (e.g., any subset of the channels of a
10:20 EEG system).

[0049] In a variation of Block S124, collecting reference
signal datasets can include collecting a plurality of reference
signal datasets at a set of reference sensors of the biomoni-
toring neuroheadset. For example, the biomonitoring neu-
roheadset can include a set of two reference sensors (e.g., a
first reference sensor or electrode proximal a left ear region,
and a second reference sensor or electrode proximal a right
ear region). In this example, Block S124 can include col-
lecting a first reference signal dataset at the first reference
sensor, and collecting a second reference signal dataset at the
second reference sensor. The first and second reference
signal datasets can be common mode signal datasets, or be
other reference signal datasets. The first and second refer-
ence sensors can be common mode sensors, or be other
reference sensors. In another example, the biomonitoring
neuroheadset can additionally or alternatively include a
DRL module including a set of DRL electrodes (e.g., a first
DRL electrode proximal a first common mode sensor and a
left ear region, and a second DRL electrode proximal a
second common mode sensor and a right ear region). In
examples with a plurality of reference sensors, reference
signal datasets can be collected with the plurality of refer-
ence sensors contemporaneously, simultaneously, serially,
and/or with any suitable temporal relationship.

[0050] In a second variation, S124 can include collecting
the reference signal datasets from a single reference sensor.
In this variation, the system (e.g., biomonitoring headset)
can include a single reference sensor, or include multiple
reference sensors. When the system includes a single refer-
ence sensor, the reference sensor can be located proximal
one or more of the biosensors (active sensors) (e.g., the
reference sensor can be located on the ear flap adjacent to the
canal sensor), or be located distal all of the active sensors.
When the single reference sensor is arranged proximal a
biosensor (active sensor), the proximal bioelectrode sensor
may measure an attenuated signal (e.g., both the reference
sensor and the ear canal can share brain signals as well as
body potential to a significant extent), while a distal bio-
electrode sensor may measure an amplified (or more accu-
rate) signal. In this embodiment, the method can selectively
use: only the distal biosensor’s measurement (e.g., option-
ally including an independent floating measurement circuit
for each distal biosensor), only the proximal biosensor’s
measurement, determine the bioparameter from a weighted
calculation of the proximal and distal bioelectrode sensors’
measurements, determine an average of the reference signals
and comparing each biosensor’s measurement against the
average, or otherwise use the bioelectrode sensors’ mea-
surements.
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[0051] Block S124 can additionally or alternatively
include any elements disclosed in U.S. patent application
Ser. No. 14/447,326 filed 30 Jul. 2014, which is hereby
incorporated in its entirety by this reference. However,
Block S124 can be performed in any suitable manner.

3.4 Generating a Reference Signal Dataset.

[0052] As shown in FIG. 2, Block S130 includes: gener-
ating a reference signal dataset from the one or more
reference signal datasets (e.g., collected in Block S120,
Block S124, etc.). The reference signal dataset is preferably
a combined reference signal dataset (e.g., an averaged
reference signal dataset), wherein the reference signals from
multiple reference sensors and/or a time series of reference
signals from individual reference sensor(s) are combined
into the combined reference signal dataset, but can addi-
tionally or alternatively include an individual reference
signal dataset (e.g., including a single reference signal value
for a single timepoint; a reference signal for a single
reference sensor; etc.). Block S130 functions to generate a
reference potential (e.g., common mode potential) for bio-
electrical potential measurements (e.g., EEG measurements,
ECG measurements, bioelectrical signal datasets, etc.).
Block S130 can also function to produce a reference signal
that averages reference potential characteristics from mul-
tiple body locations. Block S130 is preferably performed by
an averaging circuit as described below in Section 4, but can
additionally or alternatively be otherwise suitably performed
by any suitable component or process (e.g., in the digital
domain).

[0053] In variants, S230 generates a more accurate com-
mon mode body potential signal, such as by combining the
reference signals measured from different parts of the user
(e.g., from different sides of the user). For example, the left
and right reference signals can be averaged, such that the left
and right EEG components in the averaged signal can be
significantly reduced by this process, while the true common
components that appear in both sides are retained. The
reference signals (e.g., a reference signal dataset) are pref-
erably combined over time (e.g., reference signals from a
time series are combined), but can additionally or alterna-
tively be combined for a single time point (e.g., sampling
timepoint or sampling duration). The reference signals are
preferably sampled by a plurality of reference sensors, but
can additionally or alternatively be sampled by a single
reference sensor. The reference signals can be combined by
averaging (e.g., unweighted average, weighted average,
etc.), or otherwise combined. The reference signals can be
instantaneously combined (e.g., simultaneously averaged) in
real- or near-real time (e.g., during system operation), but
can additionally or alternatively be averaged asynchro-
nously (e.g., wherein the channel signals can be referenced
against historical signals or a lagging average). In a specific
example, the reference signals can be combined in real time,
such that the EEG signals measured at each time instant can
be the difference between the measured EEG channel poten-
tial) at said time instant) and the averaged reference poten-
tial at said time instant. However, the reference signal
dataset can be otherwise determined.

[0054] Invariations of Block S130, a plurality of reference
signal datasets collected by a set of reference signal sensors
can be used in producing an averaged reference signal
dataset. Block S132 can include processing a plurality of
reference signal datasets into a single combined reference
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signal dataset. Block 132 (and/or Block 130) is preferably
performed in real- or near-real time (e.g., as the reference
signal datasets are being sampled or collected S124), but can
alternatively be performed asynchronously with Block S124
(e.g., after S124, after a sampling session, etc.), or at any
suitable time.

[0055] The reference signals that are combined into a
single value within the combined reference signal dataset are
preferably concurrently sampled (e.g., share a common or
the same timestamp) by different reference sensors (and/or
be reference signals from different reference channels), but
can alternatively be signals sampled by the same reference
sensor (e.g., signals from the same reference channel)
sampled across a time period, or be any other suitable set of
reference signals.

[0056] Processing operations preferably include averaging
operations (e.g., averaging values from multiple reference
signal datasets collected during a same time period. calcu-
lating the combined reference signal values using a weighted
equation, etc.), but can include any of the processing opera-
tions described with respect to Block S130, and/or any other
suitable processing operation. The weights in the weighted
equation can be determined through calibration, predeter-
mined, determined based on reference sensor proximity to
the bioelectrical sensor, sensor parameters (e.g., age, wear),
or otherwise determined.

[0057] In a first example, generating a combined (e.g.,
averaged) reference signal dataset includes performing an
averaging operation with a first reference signal dataset (e.g,,
collected at a left ear region of the user during a time period
with a left reference sensor) and a second reference signal
dataset (e.g., collected at a right ear region of the user during
the time period with a right reference sensor), and where
producing a common noise-reduced EEG dataset comprises
producing the common noise-reduced EEG dataset based on
the combined common mode signal dataset. The first and
second reference signal datasets are preferably common
mode signals, wherein the first and second reference sensors
are preferably common mode sense electrodes; however, the
first and second reference signal datasets can be any suitable
dataset, and the first and second reference sensors can be any
suitable reference sensor. This is preferably performed in the
analog domain, but can additionally or alternatively be
performed in the digital domain (e.g., in post processing).

[0058] However, utilizing a set of reference signal datasets
collected by a set of reference signal sensors can be per-
formed in any suitable manner for generating a noise-
reduced bioelectrical signal dataset.

[0059] Block S130 can include Block S134, which
includes: generating a driven right leg signal. Block S134
fanctions to reduce common mode interference (e.g., from
electromagnetic interference) in generating a common mode
noise-reduced dataset for downstream analysis. Generating
a driven right leg signal preferably includes actively can-
celing common mode interference with a driven right leg
module of a noise reduction subsystem of the biomonitoring
neuroheadset. The driven right leg module is preferably
characterized by a feedback reference location at a third
subregion of the ear region (e.g., where a bioelectrical signal
sensor is positioned proximal a first subregion, and where a
reference signal sensor is positioned proximal a second
subregion), where producing the noise-reduced bioelectrical
signal dataset includes producing the noise-reduced bioelec-
trical signal dataset from the driven right leg signal. The
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third subregion is preferably at an ear region of the user, but
can alternatively be at any suitable anatomical position of
the user. In a specific example, the third subregion includes
the mastoid process of the temporal bone corresponding to
the ear region, but can include any other suitable region of
the ear. Additionally or alternatively, a driven right leg
module can reduce common mode noise in any suitable
mannet.

[0060] In relation to temporal aspects of Block S134,
generating a driven right leg signal is preferably performed
contemporaneously with collecting a common mode signal
dataset (e.g., as in Block S124), such that common mode
interference can be canceled by the driven right leg module
during the time period in which the bioelectrical signal
dataset and corresponding mode signal dataset are collected.
However, generating a driven right leg signal can be per-
formed at any suitable time and/or with any suitable tem-
poral resolution; in particular, temporal aspects of Block
S134 can be performed in an analogous manner to bioelec-
trical signal collection (e.g., in accordance with one or more
variations of Block S120 as described above).

[0061] In relation to Block S134, the generated driven
right leg (DRL) signal preferably produces a fast antiphase
compensation signal, which can function to cancel fast and
slow oscillations and drift in the body potential. For
example, the body potential can oscillate at 50 Hz or 60 Hz
due to electromagnetic pick-up from electrical mains (e.g.,
powerline noise), and the amplitude of this oscillation may
be several volts. In this example and related examples, the
signal generated by a DRL circuit (e.g., the DRL signal)
imposes an exact copy of the body potential variation onto
the DRL electrode (e.g., a reference sensor), preferably
causing the electronic detection circuit (e.g., that generates
the bioelectrical signal dataset) to follow the body oscilla-
tions (e.g., as a moving reference value). In this example and
related examples, the reference input voltage (e.g., reference
signal data) for each EEG sensor can be derived from the
mid-rail voltage of the sensor, which has the body potential
variation imposed on it by operation of the DRL circuit, and
the common mode signal can thereby be removed from the
difference measurement (e.g., the bioelectrical measure-
ment) and variations due to brain or muscle activity adjacent
to the sensor are passed into the detection circuit for further
analysis (e.g., in other Blocks of the method). Additionally
or alternatively, the DRL signal can function to drive a
reference level (e.g., a reference for a differential bioelec-
trical signal measurement) to follow the background body
potential (e.g., to cancel common mode noise). The DRL
signal can also encode a measurable perturbation, which can
be detected in each bioelectrical signal dataset, wherein the
amplitude of the detected perturbation can be proportional to
the series conductance of the CMS chain and the sensor
(e.g., the amplitude can vary on a sensor by sensor basis in
inverse proportion to the impedance of the electrical con-
tact). In variants, the real-time impedance measurement can
be used to provide feedback information to the user,
enabling the user to optimize the positioning and contact
quality of individual biopotential electrodes (e.g., based on
an impedance measurement-user feedback loop), so as to:
improve the quality of the biopotential signals measured,
and to reduce noise which may be induced by poor contact
quality (e.g., characterized by a higher than usual contact
impedance). The real time impedance measurement can be
measured and used as described in U.S. application Ser. No.
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16/227,004 filed 20 Dec. 2018 and/or U.S. application Ser.
No. titled “Method and System for Collecting and
Processing Bioelectrical Signals” and filed 20 Apr. 2019,
each of which are incorporated herein in its entirety by this
reference, and/or be otherwise measured and used. However,
generating and using a DRL signal can be otherwise suitably
performed.

[0062] In a variation of Block S134, generating one or
more driven right leg signals can be performed by one or
more driven right leg modules including a plurality of
feedback reference locations. Feedback reference locations
beyond the first are preferably redundant, such that sufficient
contact between the driven right leg module and the user is
only required for a single feedback reference location in
order to facilitate common mode interference reduction.
Additionally or alternatively, driven right leg module func-
tionality can be allocated across feedback reference loca-
tions, such that additional noise reduction can be conferred
through sufficient contact between a user and multiple
feedback reference locations. In a specific example, the
driven right leg module can be characterized by a first
feedback reference location at a third subregion of an ear
region (e.g., where a first bioelectrical signal sensor is
positioned at a first subregion, and a first common mode
sensor is positioned at a second subregion), by a second
feedback reference location at a third contralateral subregion
(e.g., where a second bioelectrical signal sensor is posi-
tioned at a first contralateral subregion, and a second com-
mon mode sensor is positioned at a second contralateral
subregion) of the contralateral ear region, where the third
contralateral subregion is proximal the first and the second
contralateral subregions of the contralateral ear region, and
where generating the driven right leg signal is in response to
adequate contact between the user and the driven right leg
module at least at one of the first feedback reference location
and the second feedback reference location. However, this
variation of Block S134 can be performed in any suitable
manner.

[0063] Additionally or alternatively, Block S130 and
Block S134 can include any elements described in U.S.
patent application Ser. No. 14/447,326 filed 30 Jul. 2014,
which is herein incorporated in its entirety by this reference.
However, Block S134 can be performed in any suitable
manner. Block S134 is preferably performed by a driven
right leg module, as described in Section 4 below, but can
additionally or alternatively be performed using any suitable
system and/or components.

3.5 Determining a Bioparameter.

[0064] As shown in FIGS. 1-2, Block S140 recites: deter-
mining a bioparameter. Block S140 functions to analyze
bioelectrical signals in determining a parameter describing
physiological and/or psychological status of a user. Types of
bioparameters can include any one or more of: cognitive
state metrics (e.g., attention, cognitive load, stress, fatigue,
valence, arousal, engagement, preferences, intentions, etc.),
psychological traits or conditions (e.g., impulsivity, resil-
ience, focus, anxiety, depression, chronic stress, etc.), men-
tal state, cardiovascular parameters, diagnostic analyses
(e.g., identification of symptoms correlated with a diagnosis,
etc.), treatment response parameters (e.g., response to medi-
cation, response to therapy, etc.), communication disorders
(e.g., expressive language disorder, language impairment,



US 2019/0246982 Al

autism spectrum disorder, etc.), and/or any other suitable
bioparameter descriptive of a physiological and/or psycho-
logical status of a user.

[0065] In variations, Block S140 can include: generating
an aggregated bioelectrical signal dataset based on a com-
bination of two or more bioelectrical signal datasets (e.g.,
collected in Block S120), and determining the bioparameter
based on the aggregated bioelectrical signal dataset. How-
ever, determining the bioparameter can additionally or alter-
natively include determining the bioparameter based on one
or more of the two or more bioelectrical signal datasets in
isolation (e.g., non-aggregated).

[0066] In relation to Block S140, determining a bioparam-
eter is preferably based on, determined by, and/or derived
from the bioelectrical signal dataset (e.g., based on averaged
and/or noise-reduced bioelectrical signals collected by mul-
tiple sensors of a biomonitoring neuroheadset). For example,
determining a bioparameter can include extracting signal
features and/or patterns from a noise-reduced bioelectrical
signal dataset(s); extracting bioelectrical features (e.g.,
EEG-related features) from bioelectrical signals (e.g.. EEG
signals) associated with the noise-reduced bioelectrical sig-
nal dataset(s); and processing the bioelectrical features with
a bioparameter model to determine one or more bioparam-
eters for the user; or otherwise determining a bioparameter.
The noise-reduced bioelectrical signal dataset can be: a
common noise-reduced EEG dataset (e.g., a left dataset, a
right dataset, a composite dataset generated from the left and
right datasets, etc.), the raw bioelectrical signal dataset
collected in S120, or be any other suitable bioelectrical
dataset.

[0067] Additionally or alternatively, data associated with
any suitable dataset can be used in generating a bioparam-
eter. In variations, determining one or more bioparameters
can include generating and/or implementing one or more
bioparameter models. Generating a bioparameter model can
include processing any one or a combination of probabilities
properties, heuristic properties, deterministic properties,
rule-based properties, and/or any other suitable feature algo-
rithmically to determine bioparameters of a user. In a
specific example, Block S140 can include training a
machine learning bioparameter model based on audio fea-
tures, bioelectrical signal features (e.g., EEG, heart rate, and
heart rate variability), kinematic features (e.g., motion sen-
sor outputs indicative of head gestures, balance, gait, steps,
activities, 3D movement, etc.), and corresponding biopa-
rameter labels; predicting a bioparameter for a user from
using the trained machine learning bioparameter model with
user audio feature inputs and user bioelectrical signal feature
inputs. Audio features can include features from output
audio (e.g., user-initiated sounds, such as speech, singing,
tones, clicks, responses, instructions, verbal commands, etc.;
music; etc.), input audio (e.g., stimuli, such as incoming
sounds, tones, music, others’ speech, etc.), or from any
suitable audio source. Additionally or alternatively, machine
learning approaches can include any suitable machine learn-
ing approach. However, determining a bioparameter can be
performed with any suitable approach.

[0068] Regarding Block S140, determining a bioparam-
eter is preferably performed by a remote server, but portions
of Block S140 can additionally or alternatively be performed
by a biomonitoring neuroheadset (e.g., onboard the neuro-
headset), another user device (e.g., a user smartphone, a user
computer, etc.), and/or any other suitable component. Deter-
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mining a bioparameter S140 is preferably performed after
generating a noise-reduced bioelectrical signal dataset, but
can alternatively or additionally be performed at any suitable
time. For example, Block S140 can be performed in
response to receiving, at a remote server, data associated
with the noise-reduced bioelectrical signal dataset. Addi-
tionally or alternatively, determining a bioparameter can be
performed before generating a noise-reduced bioelectrical
signal dataset, or at any suitable time. Bioparameters of
different types can be generated contemporaneously, in
parallel, in serial, and/or with any suitable time relationship.
For example, the method 100 can include generating a
cognitive state metric and a cardiovascular parameter for a
user contemporaneously during a time period. However,
portions of Block S140 can be performed by an suitable
component at any suitable time.

[0069] In specific examples, Block S140 can additionally
or alternatively include testing for perceptual and/or cogni-
tive function. Examples of psychological and/or physiologi-
cal functions that can be tested can include one or more of:
deafness, low level brain function, mental disorders, sensory
disorders, and/or any other suitable perceptual and/or cog-
nitive function. Testing for perceptual and/or cognitive func-
tion can include providing a stimulus, such as: emitting an
audio sample (e.g., as in variations of Block S180) with one
or more speakers of the biomonitoring neuroheadset; col-
lecting bioelectrical signal data (e.g., with an EEG sensor)
contemporaneously with emitting the audio sample; and
generating a perceptual and/or cognitive function parameter
describing the functionality of a psychological and/or physi-
ological aspect of the user. Testing for perceptual and/or
cognitive function can additionally or alternatively include
providing various other stimuli, including tactile stimuli,
visual stimuli, and any other suitable sensory stimuli, and
collecting bioelectrical signal data and/or auxiliary data
(e.g., reaction or response features, such as intensity, reac-
tion time, response time, etc.) in conjunction with providing
the stimulus and/or stimuli to thereby generate a perceptual
and/or cognitive function parameter in any other suitable
manner. Perceptual and/or cognitive function parameters can
be generated based on multiple EEG datasets (e.g., where
the data is averaged over the repeated acquisitions) collected
contemporaneously with emission of a set of audio samples
(e.g., a set of different audio samples, a set of the same audio
sample repeated multiple times, etc.), but can additionally or
alternatively be generated based on, determined by, and/or
derived from any suitable data (e.g., supplemental sensor
data, etc.). However, testing for perceptual and/or cognitive
function can be performed in any suitable manner.

[0070] In a variation of Block S140, determining one or
more bioparameters can additionally or alternatively include
determining one or more cognitive state metrics S142. A
cognitive state metric preferably indicates a cognitive state
of a user. Cognitive state can include one more of: mood,
emotional state, psychological health, focus level, thought
processes, language abilities, memories, reasoning abilities,
and/or any suitable cognitive state. Determining a cognitive
state is preferably based on, determined by, and/or derived
from audio data and bioelectrical data associated with at
least one of: raw datasets (e.g., collected bioelectrical signal
datasets as in Block S120, reference signal datasets as in
Block S124), processed datasets (e.g., noise-reduced bio-
electrical signal datasets, aggregated bioelectrical datasets,
driven right leg signals, etc.), cardiovascular parameter data
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(e.g., heart rate and/or heart rate variability), user kinetic
behavior data (e.g., indicative of user motion, gait, balance,
gestures, etc.), and/or any other suitable data. In a specific
example, Block S142 can include receiving, at a remote
server, an EEG dataset (e.g., common-noise reduced EEG
dataset) and cardiovascular parameter data; and generating a
cognitive state metric based on the EEG dataset and the
cardiovascular parameter, wherein the cognitive state metric
indicates a cognitive state of the user during a time period
(e.g., a time period in which the raw EEG dataset and
cardiovascular parameter were collected). Additionally or
alternatively, determining a cognitive state metric can
include any elements described in U.S. application Ser. No.
13/903,832, filed 28 May 2013, and U.S. application Ser.
No. 15/058,622 filed 2 Mar. 2016, each of which are herein
incorporated in their entirety by this reference. However,
determining a cognitive state metric can be performed in any
suitable manner.

[0071] In another variation of Block S140, determining
one or more bioparameters can additionally or alternatively
include determining one or more cardiovascular parameters.
Cardiovascular parameters can include one or more of: heart
rate, heart rate variability, blood pressure, blood pressure
variability, blood flow, heartbeat signatures, measures of
blood vessel stiffness, measures indicative of atherosclerosis
or other cardiovascular disease, other measures of cardio-
vascular risk, and/or any other suitable cardiovascular
parameter. A specific example is shown in FIG. 16 (e.g,,
showing extracting heart features, such as ECG artifacts,
from the EEG signal). Determining one or more cardiovas-
cular parameters is preferably based on, determined by,
and/or derived from bioelectrical signal features associated
with a bioelectrical signal dataset (e.g., collected as in Block
S120), a noise-reduced signal dataset (e.g., generated as in
Block S144), bioelectrical signal portions of a combined
noise and bioelectrical signal processed dataset (e.g., gen-
erated as in Block S130), and/or any suitable datasets
including bioelectrical signal features. Additionally or alter-
natively, determining one or more cardiovascular parameters
can be based on audio signal features (e.g., breathing pat-
terns) extracted from datasets associated with any suitable
dataset. However, any suitable cardiovascular parameters
can be generated from any suitable data.

[0072] In variations, determining one or more cardiovas-
cular parameters is preferably based on detecting a slow
oscillation in collected EEG signals, the slow oscillation
arising from blood flow in sync with a pulse of a user.
Collected EEG signals (e.g., noise-reduced EEG signals of
a combined audio and EEG processed dataset) also prefer-
ably include PQRST complex sequences (e.g., analogous to
PQRST spike sequences observed in ECG signals). In a
specific example, Block S164 can include identifying a
blood flow time-varying oscillation in noise-reduced values
of a noise-reduced EEG dataset (e.g., a common noise-
reduced EEG dataset); and estimating at least one of a heart
rate and a heart rate variability based on the blood flow
time-varying oscillation in noise-reduced values, where the
at least one of the heart rate and the heart rate variability
corresponds to a time period (e.g., a time period in which the
raw EEG dataset was collected). In this specific example,
identifying the blood flow time-varying oscillation in noise-
reduced values can include identifying a set of QRS com-
plex sequences in the noise-reduced values of the noise-
reduced EEG dataset, and where estimating the at least one
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of the heart rate and the heart rate variability is based on the
set of QRS complex sequences. In another specific example,
Block S164 can include searching (e.g., pattern matching)
for specific characteristics in the time-varying oscillation
(e.g., overlaid on the background EEG signal), which can
include patterns such as a PQRS complex, a slow reproduc-
ible oscillation in background voltage in the range 0.75-3
Hz, and any other suitable pattern that can be associated with
cardiovascular parameters (e.g., heart beat, pulse, etc.) How-
ever, determining one or more cardiovascular parameters
can be performed in any suitable manner.

[0073] Block S140 can include Block S144, which
includes: generating a noise-reduced bioelectrical signal
dataset. S144 is preferably performed before S140, but can
alternatively be performed after. Producing one or more
noise-reduced bioelectrical signal datasets preferably
includes producing a noise-reduced EEG signal dataset, but
can alternatively include producing noise-reduced bioelec-
trical signal datasets of any other suitable type. The noise-
reduced bioelectrical dataset is preferably a common noise-
reduced bioelectrical signal dataset (e.g., with common
noise removed) but can alternatively be a dataset that is
otherwise processed or noise-reduced.

[0074] Block S144 functions to process a bioelectrical
signal dataset (e.g., an EEG signal dataset collected as in
Block S120; an aggregated bioelectrical signal dataset, etc.)
with a reference signal dataset (e.g., the averaged reference
signal dataset as generated in Block S130, a common mode
signal dataset collected as in Block S124, a DRL signal
dataset, etc.) in order to remove noise from one or more
bioelectrical signal datasets beyond that which was removed
by referencing the collected bioelectrical signals to the
averaged reference signal dataset.

[0075] In one example, the noise-reduced bioelectrical
signal dataset can be determined by subtracting the com-
bined reference signal dataset from the left and/or right
bioelectrical signal datasets, or be otherwise determined. In
a specific example, a left noise-reduced dataset can be
generated by subtracting the combined reference signal
values (of the combined reference signal dataset) from left
bioelectrical signal values (of the left bioelectrical dataset),
wherein each combined reference signal value is subtracted
from a left bioelectrical signal value sharing a timestamp (or
has a substantially similar timestamp, within a margin of
error) with the respective combined reference signal value
(example shown in FIG. 15). This can be repeated with the
right bioelectrical dataset and the combined reference signal
dataset to generate a right noise-reduced dataset. However,
the noise-reduced bioelectrical signal dataset can be other-
wise determined.

[0076] The method can optionally include post-processing
the noise-reduced bioelectrical signal dataset, which func-
tions to further de-noise the bioelectrical signals. This can
function to pick up individual noise characteristics, or which
may enable derivation of channel specific noise. This is
preferably performed after referencing the differential mea-
surement (e.g., the bioelectrical signal dataset) to the aver-
aged reference signal, based on individual reference signals.
In such variations, Block S144 can result in determining
individual noise characteristics (and, in examples, eliminat-
ing the determined noise characteristics from the bioelectri-
cal signal dataset), and/or deriving channel specific noise
characteristics (and, in examples, modeling the channel
noise, eliminating the channel noise, compensating for the
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channel noise, etc.). However, a noise-reduced version of
any suitable bioelectrical signal dataset and/or other dataset
can be generated.

[0077] Post-processing one or more noise-reduced bio-
electrical signal datasets preferably includes using one or
more reference signals to filter, subtract, and/or otherwise
eliminate noise present in one or more bioelectrical signal
datasets. For example, producing a noise-reduced bioelec-
trical signal dataset can include reducing common mode
noise (e.g., noise conducted on lines in the same direction).
Additionally or alternatively, post-processing the noise-
reduced bioelectrical signal datasets can include reducing
differential mode noise (e.g., conducted on lines character-
ized by opposite directions), random noise, coherent noise,
and/or any other suitable type of noise. Bioelectrical signal
datasets can include various signal artifacts caused by user
muscle motion; for example, muscle contraction and/or
expansion can generate bioelectrical signals, which can
occur near a bioelectrical sensor and induce a signal (e.g., a
high amplitude signal) corresponding to the muscle contrac-
tion and/or expansion. In other examples, motion can cause
movement of sensors (e.g., electrode contact points) across
the skin and/or movement of the subcutaneous tissue
beneath the sensor, which can also induce signal artifacts.
Such signal artifacts can be removed via combination with
reference signal datasets (e.g., in the analog domain, in the
digital domain, etc.), source localization methods (e.g.,
independent components analysis), and/or other suitable
signal processing techniques. In one example, post process-
ing can be enhanced by considering contextual parameters,
such motion sensor outputs or audio features (e.g., recorded
by the microphone), which can apply context to the noise
reduction algorithms (e.g. by adjusting thresholds for motion
artifact cancellation in the EEG signal based on motion
sensor outputs). However, reference signal datasets can be
used in any suitable manner for reducing noise.

3.6 Controlling Operation of a User Device.

[0078] As shown in FIGS. 1 and 3, the method 100 can
additionally or alternatively include Block S170, which
recites: controlling operation of a user device. Block S170
functions to instruct a user device to perform one or more
operations based on analysis of at least one of bioelectrical
signal data (e.g., FEG signal data) and bioparameters
derived therefrom collected in association with the biomoni-
toring neuroheadset. Controllable user devices preferably
include the biomonitoring neuroheadset, a user device (e.g.,
a mobile computing device, a computer, etc.) in communi-
cation (e.g., wired communication, wireless communication,
etc.) with the biomonitoring neuroheadset, and other suitable
mobile devices, but can additionally or alternatively include
a smart appliance (e.g.. an internet-enabled television, video
game console, cooking appliance, exercise device, etc.),
and/or any other suitable device. In a specific example
including control of the biomonitoring headset, the method
100 can include transmitting a combined audio and EEG
processed dataset to a computing device of the user; gener-
ating, at a software component executing on the computing
device, an analysis of an audio signal portion of the com-
bined audio and EEG processed dataset; receiving, at the
biomonitoring neuroheadset, operation instructions trans-
mitted by the computing device and generated based on the
analysis of the audio signal portion; and operating the
biomonitoring neuroheadset based on the operation instruc-
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tions. In a specific example including control of an external
device using the biomonitoring headset, the method 100 can
include transmitting an EEG processed dataset to a comput-
ing device of the user; generating, at a software component
executing on the computing device, an analysis of the EEG
processed dataset to extract a mental command; receiving, at
an external device, operation instructions transmitted by the
computing device and generated based on the mental com-
mand; and operating the external device based on the
operation instructions (e.g., changing a musical track being
played by the external device, turning on the power of the
external device, turning off the power of the external device,
etc.).

[0079] The EEG processed dataset can be associated with
a cognitive state, a mental command, and/or any other
suitable bioparameter (e.g., wherein the association between
the EEG processed dataset and the bioparameter can be
determined as disclosed herein, or otherwise determined).
The bioparameter(s) can each be associated with one or
more operation instructions, endpoints, and/or other output,
which can enable the system to operate as a passive and/or
active BCI (brain-computer interface). In an example of
active BCI operation, the EEG processed dataset can be
determined to be associated with a mental command, such as
skipping to the next music track. In this first example, S170
can include controlling an endpoint (e.g., music player) to
skip to the next music track. In an example of passive BCI
operation, the EEG processed dataset can be determined to
be associated with a mental or emotional state (e.g., fatigue),
wherein S170 can include controlling a set of endpoints
(e.g., coffee maker, computer, etc.) to perform operations
associated with the mental or emotional state (e.g., control-
ling the music player to change the music to a high-BPM or
high-energy genre, starting the coffee maker, sending a
notification to the user’s device to instruct the user to take a
break or exercise; wherein the operations can be pre-asso-
ciated with the mental or emotional state). However, S170
can be otherwise performed.

[0080] Regarding Block S170, controllable operations for
a user device can include: power operations (e.g., turning
on/off, charging, battery modes, etc.), data collection opera-
tions (e.g., controlling a biomonitoring neuroheadset to
collect bioelectrical signal datasets, reference signal data-
sets, audio signal datasets, etc.), controlling applications
executable on the user device (e.g., controlling applications
related to alarm, navigation, weather, timer, user-down-
loaded applications, calls, voicemail, location, email, sched-
ule, entertainment, health & fitness, news, social, music,
messaging, communication, etc.), operating transceivers of
the device (e.g., controlling a user device to transmit a
dataset, configuring a user device to receive a dataset, etc.),
and/or any other suitable operation associated with a user
device. In a specific example, Block S170 can include
controlling (e.g., using mental commands, using a micro-
phone of the biomonitoring neuroheadset, using a combi-
nation of collected EEG data and auxiliary data, using pure
EEG processed datasets, etc.), operations associated with a
mobile computing device (e.g., smart phone) of a user,
including at least one of: phone calling features, web meet-
ing features, voice recording (e.g., voice memo) features,
virtual assistant features, voice-to-text features, and/or any
other suitable features associated with a mobile computing
device. However, any suitable operation can be controlled
with respect to any suitable user device.
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[0081] In relation to Block S170, controlling operation of
a user device is preferably based on, determined by, and/or
derived from analysis of audio and/or bioelectrical signal
data associated with the combined audio and bioelectrical
signal processed dataset, but can additionally or alterna-
tively be associated with any suitable dataset. Regarding
analysis of audio data for controlling operation of a user
device, analyses can include: speech recognition approaches
(e.g., using Hidden Markov models, machine learning mod-
els such as those described in Section 4, neural networks,
dynamic time warping, etc.), audio signal processing, and/or
any other suitable analyses. Regarding analysis of bioelec-
trical signal data for controlling operation of a user device,
analyses can include: bioelectrical signal processing (e.g.,
approaches described with respect to Block S130, S140,
etc.), cognitive state metric analyses (e.g., as in Block S142),
and/or any other suitable analyses for determining user
intent based on bioelectrical signals. Additionally or alter-
natively, controlling operation of a user device can be based
on any suitable data and/or approach. In a specific example,
Block S170 can include: extracting audio features from
audio signal data associated with a combined audio and
bioelectrical signal dataset; extracting bioelectrical signal
features from bioelectrical signal data associated with the
combined audio and bioelectrical signal dataset; generating
user device control instructions based on the extracted audio
features and bioelectrical signal features; transmitting the
control instructions to the user device (e.g., the user device
for which the control instructions were generated), the
control instructions configured to instruct operation of the
user device.

[0082] However, controlling operation of a user device
can be performed in any suitable manner.

3.8 Determining a Stimulus.

[0083] As shown in FIGS. 1 and 3, the method 100 can
additionally or alternatively include Block S180, which
recites: determining a stimulus to modify the cognitive state
of the user. Block S180 functions to determine a stimulative
output that can be provided to the user in order to promote
a therapy, facilitate physiological and/or psychological
monitoring (e.g., a user response to the stimulus), provoke a
desired reaction, and/or for any other suitable purpose. A
stimulus in this context can include various stimuli and/or
stimulative therapies, such as non-medical applications of a
therapy, medical applications, self-improvement, training
(e.g., physical training, mental training, etc.), wellness appli-
cations, and any other suitable applications related to pro-
vided stimuli. In variations, the stimulus can include an
audio therapy, and providing the stimulus can include emit-
ting, at a speaker of the biomonitoring neuroheadset, an
audio sample. In such variations, Block S180 can function to
output audio at one or more biomonitoring neuroheadset
speakers to promote a therapy and/or facilitate physiological
and/or psychological monitoring (e.g., a user response to the
outputted audio) of the user. Determining a stimulus can
include selecting, calculating, estimating, or otherwise
determining the stimulus for any one or more of: promoting
an audio, visual, haptic, and/or other suitable therapy (e.g.,
a cognitive behavioral therapy audio session, etc.), moni-
toring a user response to the therapy (e.g., monitoring a user
response to an auditory component of media content that the
user is engaging in, etc.), emitting an output (e.g., an audio
sample, an image, a video sample, etc.) in response to user
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instruction (e.g., a user instructing that a particular song
stored on the user’s smartphone be played, etc.), and/or for
any suitable purpose. Additionally or alternatively, S180 can
include: providing a stimulus for any of the purposes dis-
closed above. In examples wherein determining the stimulus
includes emitting an audio sample, emitting an audio sample
can additionally or alternatively include selecting an audio
sample to emit based on audio data and/or bioelectrical
signal data (e.g., EEG signal data and/or bioparameters)
associated with a dataset described in relation to any Blocks
of the method 100, and/or any suitable dataset. However,
determining a stimulus can be based on any suitable data.

[0084] In a variation of Block S180, determining a stimu-
lus can be based on a cognitive state metric generated as in
Block S142. For example, Block S180 can include deter-
mining an audio therapy to modify the cognitive state of the
user, based on the cognitive state metric; and promoting, at
a speaker of the biomonitoring neuroheadset, the audio
therapy to the user. In a specific example, emitting an audio
sample can include, in response to generating a cognitive
state metric indicating a negative emotional state of the user,
emitting an audio sample characterized by audio features
configured to invoke a positive emotional state of the user.
However, emitting an audio sample based on a cognitive
state metric can be performed in any suitable manner. In
another example, the cognitive state metric can be work-
place productivity (e.g., focus metrics above a predeter-
mined global, context-, task-, or user-specific threshold),
stress reduction (e.g., stress metrics below a predetermined
global, context-, task-, or user-specific threshold), distrac-
tion (e.g., distraction metrics below a predetermined global,
context-, task-, or user-specific threshold), safety, and/or any
other suitable cognitive state metric, wherein the stimulus
can include triggers and/or alerts (e.g., audio, video, haptic
stimulus, electric stimulus, etc.) output by the system and/or
connected system (e.g., user device connected to the sys-
tem).

[0085] In another variation of Block S180, determining a
stimulus can additionally or alternatively include determin-
ing a stimulus based on one or more cardiovascular param-
eters (e.g.. generated as described above). For example,
determining a stimulus can include selecting an audio
sample based on matching an audio feature (e.g., beats per
minute, music genre, types of instruments, vocals, date of
publication, audio waveform features, etc.) with a cardio-
vascular feature one or more cardiovascular parameters. In
a specific example, for a user engaging in physical activity
(e.g., jogging), determining a stimulus can include selecting
a song with a beats per minute feature approximately
matching a heart rate (e.g., an instantaneous heart rate, an
average heart rate over a time period, etc.) of the user. In
another example, an audio therapy can be selected and/or
promoted based on a one or more cardiovascular features.
For example, a soothing audio sample can be emitted at a
speaker of a biomonitoring neuroheadset in response to
generation of a cardiovascular parameter indicating a high
cardiovascular risk (e.g., high blood pressure, increased
heart rate, irregular heart rate, heart rate variability deviating
beyond a predetermined global and/or user-specific range,
etc.). However, emitting an audio sample based on one or
more cardiovascular parameters can be performed in any
suitable fashion.

[0086] In another variation of Block S180, determining a
stimulus can based on data characterized by a plurality of
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data types (e.g., cardiovascular data, bioparameters genet-
ated as in Block S160, cognitive state data, EEG data, etc.)
For example, emitting an audio sample can include selecting
an audio sample based on an analysis of one or more
cognitive state metrics (e.g., generated as in Block S142)
and one or more cardiovascular parameters (e.g., generated
as Block S164). In a specific example, the method 100 can
additionally or alternatively include generating a cognitive
state metric based on EEG data associated with a combined
audio and EEG dataset; generating a cardiovascular param-
eter based on the EEG data associated with the combined
audio and EEG dataset; identifying one or more target health
statuses (e.g., a psychological state, a physiological state)
based on the cognitive state metric and the cardiovascular
parameter; and emitting an audio sample configured to
facilitate user achievement of the one or more target health
statuses. In another specific example, the method 100 can
include identifying a stressed user state based on a cognitive
state metric (e.g., a metric indicating emotions of frustration)
and a cardiovascular parameter (e.g., a high blood pressure);
selecting an audio sample including audio features associ-
ated with a relaxed emotional state; and emitting the audio
sample at one or more speakers of a biomonitoring neuro-
headset. However, emitting an audio sample based on data
typified by a plurality of data types can be performed in any
suitable manner.

[0087] Regarding Block S180, in variations, Blocks S120,
S124, S130, S140 and/or other suitable portions of the
method 100 can be performed contemporaneously with, in
parallel with, serially, and/or in response to emitting an
audio sample at a speaker of the biomonitoring neuroheadset
S180. In a specific example, the method 100 can include, in
response to promoting an audio therapy to the user at the
speaker: collecting, at a first EEG sensor, a second EEG
signal dataset (e.g., where the first EEG signal dataset was
collected prior to emission of the audio therapy) from the
user during a second time period (e.g., where the first time
period corresponded to collection of the first EEG dataset);
collecting, at the first common mode sensor, a second
common mode signal dataset (e.g., where the first common
mode signal dataset was collected during the first time
period) contemporaneously with collecting the second EEG
signal dataset during the second time period; collecting, at
the microphone, a second audio signal dataset (e.g., where
the first audio signal dataset was collected during the first
time period) from the user contemporaneously with collect-
ing the second EEG signal dataset and the second common
mode signal dataset during the second time period; and
generating a second combined audio and EEG processed
dataset based on the second EEG signal dataset, the second
common mode signal dataset, and the second audio signal;
and generating a second cognitive state metric based on the
second combined audio and EEG processed dataset, wherein
the second cognitive state metric indicates a cognitive state
response to the audio therapy during the second time period.
However, Block S180 can have any suitable relationship
with other portions of the method.

[0088] With respect to temporal aspects relating to Block
S180, emitting an audio sample is preferably performable in
real-time or near real-time. For example, emitting an audio
sample can be performed during a time period in which
bioelectrical signal data and/or audio signal data triggering
the emission of the audio sample (e.g., audio signal data
including user speech instructions for the emission of a
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specified audio sample) were collected. Additionally or
alternatively, emitting an audio sample can be performed at
any suitable time in relation to portions of the method 100,
and/or at any suitable time.

[0089] However, emitting an audio sample at one or more
speakers of the biomonitoring neuroheadset S180 can be
performed in any suitable fashion.

3.9 Additional Blocks

[0090] As shown in FIG. 1, the method 100 can addition-
ally or alternatively include Block S150, which recites:
monitoring contact quality of the at least one or more
sensors. Block S150 functions to facilitate high quality
sensor signals through adequate coupling between the user
and one or more sensors of a biomonitoring neuroheadset.
Contact quality is preferably monitored for one or more
bioelectrical signal sensors (e.g., contact quality between an
EEG sensor and an ear canal region) and/or reference signal
sensors (e.g., contact quality between a common mode
sensor and an ear region proximal the temporal bone;
contact quality between a DRL electrode and an ear region
proximal the temporal bone, etc.). However, monitoring
contact quality can be performed for any suitable sensor;
contact quality is preferably monitored for each and every
sensor independently, but can additionally or alternatively
be monitored for all of the sensors collectively, subgroups of
sensors, or otherwise suitably monitored. Monitoring con-
tact quality is preferably performed for a sensor with a target
position proximal an ear region of a user, but can addition-
ally or alternatively be performed for sensors with target
positions at any suitable anatomical position of a user.
However, monitoring contact quality can be performed for
any suitable sensor at any suitable location.

[0091] Contact quality monitoring is preferably performed
substantially as described in U.S. patent application Ser. No.
15/209,582, filed 13 Jul. 2016, which is incorporated in its
entirety herein by this reference. Additionally or alterna-
tively, Block S150 can include any elements described in
U.S. patent application Ser. No. 12/270,739, filed 13 Nov.
2008, which is herein incorporated in its entirety by this
reference. However, Block S150 can be performed in any
suitable manner.

[0092] The method 100 can additionally or alternatively
include Block S135, which recites: determining auxiliary
data. Auxiliary data is preferably determined at the biomoni-
toring headset, but can additionally or alternatively be
determined at any suitable location. Auxiliary data prefer-
ably includes audio data, and is preferably collected by a
microphone of the biomonitoring headset, but can addition-
ally or alternatively include any suitable type of data local to
the biomonitoring headset (e.g., video data collected by a
video camera, temperature data collected by a thermometer,
motion data collected by an accelerometer, GPS data col-
lected by a connected user device, social media activity,
calendar activity, user event occurrence, etc.). Examples of
user events can include: attendance at a concert, watching or
participating in a sporting event, watching broadcast media
contemporaneously with other users, or any other suitable
event. The auxiliary data gathered in Block S135 can, in
variations, form the basis in whole or part for any of the
analyses previously described (e.g., determining a cognitive
state metric for the user).

[0093] The method 100 can, however, include any other
suitable blocks or steps configured to collect, monitor,
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and/or analyze bioelectrical and audio signals of a user with
a biomonitoring neuroheadset.

4. System.

[0094] As shown in FIGS. 4A-4B, an embodiment of a
system 200 for detecting bioelectrical signals and audio
signals from a user includes: one or more bioelectrical signal
sensors 210 configured to collect bioelectrical signal data
from the user; a noise reduction subsystem 220 including
one or more reference sensors configured to collect refer-
ence signal data contemporaneously with the collection of
bioelectrical signal data; an auxiliary sensor (e.g., micro-
phone(s), touch input(s), camera(s), kinematic sensor(s),
and/or any other suitable sensor) 230 configured to collect
an auxiliary signal dataset (e.g., an audio signal dataset, a
visual dataset) from the user contemporaneously with the
collection of the first bioelectrical signal dataset and the
reference signal dataset; a wearable support frame 240 worn
at a head region of the user, the wearable support frame 240
supporting and physically connecting the one or more bio-
electrical sensors 210 and the one or more reference sensors;
and an electronics subsystem 250 including a processing
module 252 configured to produce a noise-reduced bioelec-
trical dataset from processing the bioelectrical signal data
with the reference signal data, and to produce a conditioned
audio signal dataset from processing the audio signal dataset
for transmission with the noise-reduced bioelectrical signal
dataset, the electronics subsystem 250 electronically con-
nected to the one or more bioelectrical signal sensors 210,
the noise reduction subsystem 220, and the microphone 230.
[0095] In some variations, the system 200 can additionally
or alternatively include a communications module 254, a
speaker 260, a remote processing module 270, and/or a
screen (e.g., a sleeve, an electromagnetic shield, an insulator
layer, etc.) separating bioelectrical sensor power wire(s)
from microphone power wire(s) to facilitate prevention of
cross-talk between corresponding signal data. As shown in
FIGS. 6-10, in specific examples of configurations of the
system 200, components of the biomonitoring neuroheadset
and/or other devices can communicate amongst each other
and/or the user.

[0096] In some variations, the system 200 can include
multiple instances of the various components arranged in a
bilateral configuration. In such variations, embodiments of
the system 200 can be worn in a similar manner as a pair of
headphones having a connection (e.g., a frame or other
support structure) that connects the bilaterally-arranged
components (e.g., behind the head, beneath the chin, etc.).
For example, as shown in FIGS. 13A-13C, the system can
include a pair of substantially mirror-imaged modules that
are connected by a semi-rigid support structure, wherein
each module includes an instance of the bioelectrical sensor
210, the processing unit 250, and the reference sensor(s)
220. Additionally or alternatively, the modules can be con-
nected by flexible wire, and/or be connected wirelessly. In
the latter example, each module can collect biosignals
independently, and distribute (e.g., to other modules of the
system) and collect audio signals (e.g. music, microphone
signals) in a synchronized manner.

[0097] In some variations, the system 200 and/or compo-
nents of the system 200 can additionally or alternatively
include or communicate data to and/or from: a user database
(storing user account information, user profiles, user health
records, user demographic information, associated user
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devices, user preferences, etc.), an analysis database (storing
computational models, collected datasets, historical data,
public data, simulated data, generated data, generated analy-
ses, diagnostic results, therapy recommendations, etc.), and/
or any other suitable computing system.

[0098] Examples of system form factors include: head-
phones, ear buds, eye glasses, helmets, caps, and/or any
other suitable form factor.

[0099] Database(s) and/or portions of the method 100 can
be entirely or partially executed, run, hosted, or otherwise
performed by: a remote computing system (e.g., a server, at
least one networked computing system, stateless computing
system, stateful computing system, etc.), a biomonitoring
neuroheadset (e.g., a processing module 252 of a biomoni-
toring neuroheadset), a user device, a machine configured to
receive a computer-readable medium storing computer-read-
able instructions, or by any other suitable computing system
possessing any suitable component (e.g., a graphics process-
ing unit, a communications module 254, etc.). As shown in
FIG. 6, in specific examples, the system 200 can include a
remote processing module 270 remote from the one or more
bioelectrical signal sensor 210, the noise reduction subsys-
tem, the microphone, the wearable support frame, and the
electronics subsystem 250. In these specific examples, the
remote processing module 270 can be configured to identify
a blood flow time-varying oscillation in noise-reduced val-
ues of a noise-reduced EEG dataset; and estimate at least one
of a heart rate and a heart rate variability based on the blood
flow time-varying oscillation in noise-reduced values. In
these examples and related examples. the remote processing
module 270 can be configured to separate cardiac data (e.g.,
heartbeat data, pulse data, etc.) embedded in EEG data from
EEG signals originating from neural activation, and/or oth-
erwise suitably determine cardiac data (e.g., via ECG moni-
toring, pulse oximetry, etc.). Additionally or alternatively,
the remote processing module 270 can be configured to
perform any suitable portion of the method 100. However,
the components of the system 200 can be distributed across
machine and cloud-based computing systems in any other
suitable manner.

[0100] Devices implementing at least a portion of the
method 100 can include one or more of: a biomonitoring
neuroheadset, smartwatch, smartphone, a wearable comput-
ing device (e.g.. head-mounted wearable computing device),
tablet, desktop, a supplemental biosignal detector, a supple-
mental sensor (e.g., motion sensors, magnetometers, audio
sensors, video sensors, location sensors a motion sensor, a
light sensor, etc.), a medical device, and/or any other suit-
able device. All or portions of the method 100 can be
performed by one or more of: a native application, web
application, firmware on the device, plug-in, and any other
suitable software executing on a device. Device components
used with the method 100 can include an input (e.g,
keyboard, touchscreen, etc.), an output (e.g., a display), a
processor, a transceiver, and/or any other suitable compo-
nent, wherein data from the input device(s) and/or output
device(s) can be generated, analyzed, and/or transmitted to
entities for consumption (e.g., for a user to assess their
bioparameters) Communication between devices and/or
databases can include wireless communication (e.g., WiFi,
Bluetooth, radiofrequency, etc.) and/or wired communica-
tion. As shown in FIGS. 6-7, in variations, communication
can be between an electronics subsystem 250 of a biomoni-
toring neuroheadset and a computing device executing a
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software component. In variations including wired commu-
nication between components of the system 200, the system
200 can additionally or alternatively include a screen (e.g.,
separating power wires in a cable) configured to prevent
cross-talk between collected signals. In a specific example,
the system 200 can include: a cable connecting the process-
ing module 252 to one or more EEG sensors 210 and the
microphone; an EEG sensor power wire for the one or more
EEG sensors, the EEG sensor power wire positioned within
the connecting cable; a microphone power wire for the
microphone, the microphone power wire positioned within
the connecting cable; and a screen separating the EEG
sensor power wire from the microphone power wire within
the connecting cable, the screen configured to facilitate
prevention of cross-talk between the first EEG signal dataset
and the audio signal dataset. However, communication
between components of the system and/or other devices can
be configured in any suitable manner.

[0101] Components of the system 200 (e.g., a processing
module 252 of an ultrasound system) and/or any other
suitable component of the system 200, and/or any suitable
portion of the method 100 can employ machine learning
approaches including any one or more of: supervised learn-
ing (e.g., using logistic regression, using back propagation
neural networks, using random forests, decision trees, etc.),
unsupervised learning (e.g., using an Aptiori algorithm,
using K-means clustering), semi-supervised learning, rein-
forcement learning (e.g., using a Q-learning algorithm, using
temporal difference learning), and any other suitable learn-
ing style. Each processing portion of the method 100 can
leverage: regression, classification, neural networks (e.g.,
CNNs, DNNs, etc.), sensor fusion, rules, heuristics, equa-
tions (e.g., weighted equations, etc.), selection (e.g., from a
library), instance-based methods (e.g., nearest neighbor),
regularization methods (e.g.. ridge regression), decision
trees, Bayesian methods (e.g., Naive Bayes, Markov), kernel
methods, probability, deterministics, genetic programs, sup-
port vectors, or any, or any other suitable module leveraging
any other suitable computation method, machine learning
method, or combination thereof.

[0102] One or more bioparameter models can be concur-
rently generated, updated, or otherwise created. When the
system includes multiple candidate bioparameter models
(e.g., for a given bioparameter, for a set of bioparameters,
etc.), one or more bioparameter models can be selected from
the candidate bioparameter model set for use. The candidate
bioparameter model can be selected based on: a test data set
(e.g., of bioelectrical data and/or supplemental data, asso-
ciated with a known bioparameter), consensus between the
candidate bioparmaeter models, any one element or any
combination of elements (eg. groups of feature sets) derived
from EEG, ECG, EOG, EMG, GSR, motion, GPS, audio and
voice signals, sentiment analysis, image and video analysis
or any other contemporaneous or contextual information, or
otherwise determined.

4.1 Bioelectrical Signal Sensor.

[0103] The system 200 can include one or more bioelec-
trical signal sensors 210, which function to collect bioelec-
trical signal data from the user. The one or more bioelectrical
signal sensor 210 can include one or more bioelectrical
signal sensor 210 configured to detect any one or more of:
EEG signals, EOG signals, EMG signals, ECG signals, GSR
signals, MEG signals, and/or any other suitable signals.
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Bioelectrical signals can be collected by the one or more
bioelectrical signal sensor 210 at any suitable time period.
For example, a set of EEG sensors 210 can collect EEG
signal datasets contemporaneously during a time period with
a set of ECG sensors collecting ECG signal datasets. How-
ever, the one or more bioelectrical signal sensor 210 can be
configured to collect any suitable signal at any suitable time.
[0104] The one or more bioelectrical signal sensor 210 are
preferably positioned proximal an ear canal region (e.g., left
ear canal, right ear canal) of an ear region of the user, but can
additionally or alternatively be positioned at, proximal to,
adjacent to, near, distance, and/or with any suitable posi-
tional relationship to any suitable ear subregion of an ear
region of the user, and/or any suitable anatomical location of
the user. In an example, one or more bioelectrical signal
sensor 210 can be embedded within in-ear headphones (e.g,,
used for emitting audio) or on-ear headphones of a biomoni-
toring neuroheadset. However, bioelectrical signal sensor
210 can be positioned at any suitable location of a biomoni-
toring neuroheadset.

[0105] As shown in FIG. 6, in a variation of the one or
more bioelectrical signal sensors 210, the system 200 can
include a plurality of EEG sensors 210'. For example, the
system 200 can include a first EEG sensor 210" positioned
proximal an ear canal (e.g., left ear canal) of the user, the
first EEG sensor 210" configured to collect a first EEG signal
dataset from the user during a time period; and a second
EEG sensor 210" positioned proximal a contralateral ear
canal (e.g., a right ear canal) of the user, the second EEG
sensor 210" configured to collect a second EEG dataset from
the user during the time period. In another example, the first
EEG sensor is positioned proximal an elastic cartilage
section of the ear canal, and the second EEG sensor is
positioned proximal an elastic cartilage section of the con-
tralateral ear canal. Additionally or alternatively, EEG sen-
sors can be positioned on an external ear flap, in the
cartilaginous chamber around the ear canal, or within the ear
canal. Additionally or alternatively, one or more EEG sen-
sors can be positioned within, proximal, touching, and/or
adjacent to the middle ear and/or inner ear of either the left
and/or right ear region. However, the system 200 can include
any suitable configuration of a set of EEG sensors 210.
[0106] Additionally or alternatively, bioelectrical signal
sensor 210 can include any elements described in U.S.
application Ser. No. 13/903,832, filed 28 May 2013, and
U.S. patent application Ser. No. 14/447326 filed 30 Jul.
2014, which are each herein incorporated in their entirety by
this reference. However, bioelectrical signal sensors 210 can
be configured in any suitable fashion.

4.2 Noise Reduction Module.

[0107] The system 200 can include a noise reduction
module 220 including one or more reference sensors. The
noise reduction module 220 functions to employ one or
more reference sensors to collect reference signal data for
reducing noise associated with collected bioelectrical signal
datasets. A noise reduction module 220 preferably includes
one or more common mode sensors 222, but can additionally
or alternatively include one or more DRL electrodes 224
and/or any other suitable reference sensors.

[0108] In relation to reference sensors of the reduction
module 220, reference sensors are preferably positioned
proximal an ear region of a user (e.g., a temporal bone of a
user), but can additionally or alternatively be positioned at,
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proximal to, adjacent with, and/or distant from any suitable
anatomical location of the user. In an example, the system
200 can include a noise reduction subsystem including a
reference sensor positioned proximal a mastoid process of a
temporal bone proximal the ear canal, the reference sensor
configured to collect a reference signal dataset contempo-
raneously with collection of an EEG signal dataset (e.g.. by
one or more bioelectrical signal sensor 210) during a first
time period. In this example, the reference sensor can be a
first common mode sensor 222, where the reference signal
dataset is a first common mode signal dataset, where the
noise reduction subsystem can further include a driven right
leg module positioned proximal the first common mode
sensor 222 and the mastoid process of the temporal bone. In
this example, the noise reduction subsystem can further
include a second common mode sensor 222 positioned
proximal a contralateral mastoid process of a contralateral
temporal bone proximal the contralateral ear canal, the
second common mode sensor 222 configured to collect a
second common mode signal dataset. However, reference
sensors of the noise reduction module 220 can be configured
in any suitable manner.

[0109] In a variation of the noise reduction module 220, a
set of reference sensors can include, for each ear, one or
more common mode sensors 222 and one or more DRL
electrodes 224 positioned proximal the ear. In a specific
example, for a given ear of the user, a corresponding
common mode sensor 222 can be positioned proximal a
different ear subregion (e.g., a different part of the ear flap)
than the corresponding DRL electrode 224. In another
variation of the noise reduction module 220, only one type
of reference sensor can correspond to an ear of the user. For
example, a common mode sensor 222 can be characterized
with a primary reference location behind the left ear flap,
and a driven right leg sensor can be characterized with a
feedback reference location behind a right ear flap. How-
ever, any suitable combination of reference sensor types can
be arranged at any suitable ear region of a user.

[0110] Additionally or alternatively, the noise reduction
module 220 can include any elements described in U.S.
patent application Ser. No. 14/447326, filed 30 Jul. 2014,
which is hereby incorporated in its entirety by this reference.
However, the noise reduction module 220 and the one or
more reference sensors can be configured in any suitable
fashion.

4.3 Auxiliary Sensor.

[0111] The system 200 can include one or more auxiliary
sensors 230, which function to collect an auxiliary signal
dataset from the user for use in determining a psychological
and/or physiological state of the user. The one or more
auxiliary sensors 230 are preferably microphones, but can
additionally or alternatively be any other suitable sensor. In
cases wherein the auxiliary sensors 230 are microphones
230, the microphones can be typified by one or more
microphone types including dynamic, ribbon, carbon, piezo-
electric, condenser, fiber optic, laser, liquid, microelectro-
mechanical systems (MEMS), and/or any other suitable
microphone type. The one or more microphones 230 can
include any suitable capsule (e.g., with respect to geometry,
form, orientation, size, weight, color, materials, etc.) for
housing the electrical components of the microphone 230.
As shown in FIG. 6, in variations examples, the microphone
230 can be embedded with volume controls for adjusting
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volume of a speaker 260 of the biomonitoring neuroheadset
and/or other suitable component. As shown in FIG. 5B, the
microphone 230 can otherwise be omitted from the system
200.

[0112] The microphone 230 is preferably configured to
collect one or more audio signal datasets from the user
contemporaneously with collection of one or more bioelec-
trical signal datasets and/or reference signal datasets (e.g.,
during a time period). However, the microphone 230 can be
configured to perform any suitable operation.

[0113] The microphone 230 is preferably in communica-
tion (e.g., wired communication, wireless communication)
with a processing module 252 of an electronics subsystem
250 of the biomonitoring neuroheadset, but can additionally
or alternatively possess a communication link with any other
suitable component of the biomonitoring neuroheadset, the
system 200, and/or another device.

[0114] As shown in FIGS. 5A and 5C, the microphone 230
is preferably positioned proximal an oral cavity of the user,
but can additionally or alternatively be positioned at, proxi-
mal to, adjacent to, near, far, and/or with any suitable
positional relationship to any anatomical position of the user
and/or component of the biomonitoring neuroheadset.
[0115] However, the microphone 230 can be configured in
any suitable manner.

4.4 Wearable Support Frame.

[0116] The system 200 can include one or more wearable
support frames 240, which function to provide support for
components of the biomonitoring neuroheadset. The one or
more wearable support frames 240 preferably support and/or
physically connect one or more bioelectrical signal sensor
210 and/or one or more reference sensors. The wearable
support frame 240 can possess any suitable dimensions (e.g,,
width, length, height, surface area, volume, aspect ratio,
curvature, etc.). The wearable support frame 240 can include
any suitable three-dimensional shapes including: a prism,
cube, cylinder, sphere, and/or any suitable three-dimen-
sional shape. The shape of a surface of the wearable support
frame 240 can include: a rectangle, square, circle, triangle,
polygon, and/or other suitable shape. As shown in FIGS.
4A-4B, 5B-5C, and 6, a wearable support frame 240 can
include a primary curvature forming a hook configured to
hook around an ear of a user, the ear region supporting the
wearable support frame 240 on the user. However, one or
more wearable support frames 240 can possess any suitable
form.

[0117] One or more wearable support frames 240 are
preferably worn at a head region, but can additionally or
alternatively be worn at any suitable anatomical position
(e.g., chest region, bones, forchead, etc.) for facilitating
mechanical retention of the biomonitoring device to the user.
The wearable support frame 240 is preferably mechanically
supported at an ear region of the user. In a specific example,
the system 200 can include a wearable support frame 240
worn at a head region of the user and cooperatively sup-
ported at an ear region proximal the temporal bone and an
ear flap of the user, the wearable support frame 240 sup-
porting and physically connecting the EEG sensor 210 and
the reference sensor. However, one or more wearable sup-
port frames 240 can be positioned at any suitable location
and supported by any suitable body region and/or compo-
nent.
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[0118] As shown in FIG. 6, in a variation, the system 200
includes a plurality of wearable support frames 2400. For
example, the system 200 can include a first wearable support
frame 240" cooperatively supported at an ear region, the first
wearable support frame 240' supporting and physically
connecting a first EEG sensor, a first common mode sensor
222", and a first DRL electrode 224' of a DRL module; and
a second wearable support frame 240" cooperatively sup-
ported at a contralateral ear region, the second wearable
support frame 240" supporting and physically connecting a
second EEG sensor, a second common mode sensor 222",
and a second DRL electrode 224" of a DRL module.
Alternatively, as shown in FIG. 12, a biomonitoring neuro-
headset can include only a single wearable support frame
configured to be worn at a single ear region (e.g., a left ear
region or a right ear region) of a user.

[0119] However, the one or more wearable support frames
240 can be configured in any suitable fashion.

4.5 Electronics Subsystem.

[0120] As shown in FIG. 4B, the system 200 can include
an electronics subsystem 250, which functions to receive,
process, and/or transmit signals collected by one or more
bioelectrical signal sensor 210, reference sensors, and/or a
microphone 230. The electronics subsystem 250 can addi-
tionally or alternatively include a processing module 252
and/or a communications module 254. However, the elec-
tronics subsystem 250 can include any other suitable mod-
ules configured to facilitate signal reception, signal process-
ing, and/or data transfer in an efficient manner.

[0121] The electronics subsystem 250 is preferably elec-
tronically connected to the one or more bioelectrical signal
sensors 210, the noise reduction subsystem 220, and the
microphone 230, but can additionally or alternatively be
connected (e.g., wired connection, wireless connection) to
any suitable component of the biomonitoring neuroheadset,
and/or any suitable component.

[0122] Components of the electronics subsystem 250 are
preferably embedded within one or more wearable support
frames 240 of the biomonitoring neuroheadset, but can be
otherwise located at the biomonitoring neuroheadset and/or
other component.

[0123] However, the electronics subsystem 250 can be
configured in any suitable manner.

4.5.A Processing Module.

[0124] As shown in FIG. 4B, the electronics subsystem
250 can include a processing module 252 functioning to
process collected and/or received datasets. The processing
module 252 can additionally or alternatively function to
control notifications to a user, generate a bioparameter,
generate operation instructions for a user device, and/or
perform any other suitable operations related to the method
100. The processing module 252 can include one or more:
microcontrollers, central processing units (CPU), a micro-
processors, digital signal processors (DSP), a state machine,
an application-specific integrated circuit (ASIC), a program-
mable logic device (PLD), a field programmable gate array
(FPGA), a graphics processing unit (GPU), any other suit-
able processing device. The processing module 252 prefer-
ably includes one or more printed circuit boards (PCBs),
which can preferably satisfy the data collection and/or
processing requirements associated with the method 100. In
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a specific example, the electronics subsystem 250 includes
a control PCB embedded in a wearable support frame 240
configured to hook onto an ear region of the user. In another
specific example, the electronic subsystem includes a set of
daughter PCBs, where at least one daughter PCB is embed-
ded in each of a plurality of wearable support frames 240
(e.g., a wearable support frame 240 for each ear). In another
specific example, the electronics submodule can include a
first processing submodule (e.g., a control PCB, a daughter
PCB, etc.) positioned proximal a first EEG sensor, and a
second processing submodule (e.g., a control PCB, a daugh-
ter PCB, etc.) positioned proximal a second EEG sensor.
However, the processing module 252 can include any suit-
able components.

[0125] The processing module preferably includes an
averaging circuit, which functions to produce an averaged
reference signal dataset from processing multiple reference
signals (e.g., CMS signals, DRL signals, etc.), such that
bioelectrical signal datasets can be referenced against the
averaged reference signal dataset. The averaging circuit can
be implemented as an analog averaging circuit in accordance
with known analog signal processing methodologies, and/or
as a digital averaging circuit (e.g., within a microcontroller
of the processing module). In a specific example, the aver-
aging circuit averages the first and second reference signal
datasets to generate an averaged reference signal dataset,
and two or more bioelectrical signal datasets are each
referenced against the averaged reference signal dataset
(e.g., as a differential voltage measurement). In another
specific example, as shown in FI1G. 10, the averaging circuit
combines the outputs of a plurality of CMS sensor modules
to generate the averaged reference signal dataset, which is
subsequently passed into an amplifier for downstream pro-
cessing. However, the averaging circuit can additionally or
alternatively include any other suitable components, and/or
be otherwise suitably implemented to generate the averaged
reference signal dataset.

[0126] The averaging circuit can be implemented as a
fully analog circuit, a fully digital circuit, fully in software,
and/or any suitable combination of the aforementioned.
[0127] The processing module 252 is preferably config-
ured to produce a noise-reduced EEG dataset from process-
ing one or more EEG signal datasets with one or more
reference signal datasets, and to produce a conditioned audio
signal dataset from processing one or more audio signal
datasets for transmission with the noise-reduced EEG data-
set. The processing module 252 can be additionally or
alternatively configured to control data collection param-
eters for collection of bioelectrical signal datasets, reference
signal datasets, and/or audio signal datasets. Data collection
parameters can include: sampling frequency, time of sam-
pling, time between samples, amount of data to collect, types
of data to collect, conditions for triggering collection, volt-
age resolution, voltage amplitude, signal dynamic range,
and/or any suitable data collection parameter. However, the
processing module 252 can be configured to perform any
suitable portion of the method 100.

[0128] A specific example implementation of the signal
processing architecture, as shown in FIG. 14, can include:
receiving new data (e.g., EEG signal data, ECG data
extracted from EEG signal data, ECG data gathered directly
from an ECG sensor, any other suitable time-varying signal
data, etc.); removing a moving average of the new data;
calculating the root mean squared (RMS) and maximum
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swing (e.g., peak-to-peak amplitude) of the new data; deter-
mining that the RMS and/or maximum swing values exceed
a threshold; in response to the RMS and/or maximum swing
values exceeding the threshold, transforming the new data to
a zero value; concatenating the new data to a data buffer;
applying a first transform (e.g., a discrete wavelet transform)
to the data buffer to generate transformed data; thresholding
the coefficients of the transformed data (e.g., setting coef-
ficients of the transformed data that fall below a threshold to
a zero value); applying an inverse transform (e.g., an inverse
discrete wavelet transform) to generate filtered data; deter-
mining if the sign of the peak is locked; in response to
determining that the peak sign is locked, extracting peak
data into a peak vector; selecting peaks from the peak vector
that are within a look back period; determining that selected
peaks within the look back period are valid according to a set
of validity criteria (e.g., within a valid amplitude range,
within a valid frequency range, within the look back tem-
poral range, etc.); setting the state of the system to a locking
state, wherein the processing module is synchronized to the
signals encoded by the received new data, based on the
peak-to-peak distance (e.g., whether the peak-to-peak dis-
tance is greater than an R-R value moving average, a
maximum threshold, etc.).

[0129] The above and related specific implementations
can additionally or alternatively include, as shown in FIG.
14, in response to determining that the peak sign is not
locked, counting positive and negative polarity peaks in the
filtered data that exceed a threshold amplitude; determining
whether there are a greater number of positive peaks or
negative peaks, and determining that the signal is negative
peak locked if there is a greater number of negative peaks
and determining that the signal is positive peak locked if
there is a greater number of positive peaks; in response to
determining that there are no valid peaks according to the set
of validity criteria, setting the state of the processing module
to a waiting state and ending the processing loop; based on
the peak-to-peak distance, subtracting a differential value
(e.g., a R-R distance moving average value, a threshold
value, etc.) from the peak vector to generate a differential
peak vector; selecting a lowest differential peak value (e.g.,
having the highest expected value of validity, a largest
expected value of recurrence, etc.) and determining that the
selected lowest differential peak value added to a portion
(e.g., 80%, one half, etc.) of an average value (e.g.. an R-R
distance moving average value), which together constitute a
test value, is greater than a length of the peak data; elimi-
nating inconsistent peaks based on the comparison between
the length of the peak data and the test value to generate a
modified differential peak vector; and updating the average
value (e.g., the R-R moving average value) based on the
modified differential peak vector.

[0130] The processing module can additionally or alter-
natively execute or be configured to: prefilter the data to
remove offsets and signal drift, detect artifacts (eg. eye
blinks, skin movements, muscle signals), classify and
reverse these artifacts (eg. by independent components
analysis), map surface signals to modelled internal sources
(eg. by low-resolution tomography), quantify the strength
and topography of network connectivity (eg, Granger Cau-
sality), measure nonlinearity or chaotic features (eg. Lyu-
panov dimensionality), measure frequency components (eg.
Fourier Transform, time-frequency methods etc), or perform
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any other suitable EEG signal processing method to extract
relevant features for development or evaluation of specific
bioparameter models.

[0131] Additionally or alternatively, the processing mod-
ule 252 can be configured in any suitable manner.

4.5.B Communications Module.

[0132] As shown in FIG. 4B, the electronics subsystem
250 can include a communications module 254 functioning
to receive and/or transmit data (e.g., a bioparameter, a
cognitive state metric, a bioelectrical signal dataset, a com-
bined audio signal and bioelectrical signal dataset, etc.) with
a remote server, a user device, and/or any suitable compo-
nent. The communication submodule preferably includes a
transmitter, and can additionally or alternatively include a
receiver. In a variation, the communication module can
facilitate wired communication between the biomonitoring
neuroheadset and another device (e.g., a smartphone of a
user). In this variation, wired communication can be through
a cable with connectivity for an audio jack, USB, mini-USB,
lightning cable, and/or any suitable wired connection
medium. In another variation, the communication module
can facilitate wireless communication between the biomoni-
toring neuroheadset and another device. Wireless commu-
nication can be facilitated through Zigbee, Z-wave, WiFi,
but can additionally or alternatively be facilitated through
short-range wireless communication including Bluetooth,
BLE beacon, RF, IR, or any other suitable wireless com-
munication medium.

[0133] The communications module 254 is preferably
configured to transmit any suitable dataset (e.g., a bioelec-
trical signal dataset, an audio signal dataset, a combined
bioelectrical signal and audio signal dataset, etc.) to any
suitable device. In a specific example, the communications
module 254 can be configured to transmit the noise-reduced
EEG dataset to the mobile computing device for transmis-
sion to a remote processing module 270, and/or to transmit
the audio signal dataset to a mobile computing device of the
user, wherein the audio signal dataset specifies instructions
for controlling operation of the mobile computing device.
However, the communications module 254 can be config-
ured to perform any suitable operation.

[0134] The communication submodule can additionally or
alternatively include a router (e.g., a WiFi router), an
extender for one or more communication protocols, a com-
munication protocol translator, or include any other suitable
commuication submodule. The communication submodule
can also additionally or alternatively include or be commu-
nicatively coupled to RAMs, ROMs, flash memory,
EEPROMs, optical devices (CD or DVD), hard drives,
floppy drives, and/or any suitable data storage device
[0135] However, the communication submodule can
receive, convert, and/or transmit any type of suitable signal
or data to any suitable component or device.

4.6 Speaker.

[0136] The system 200 can include one or more speaker
260 of a biomonitoring neuroheadset. The speaker 260
functions to output audio. Output audio can be used to
promote a therapy and/or facilitate physiological and/or
psychological monitoring (e.g., a user response to the out-
putted audio) of the user. Output audio can additionally or
alternatively be used to provide desired audio output to the
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user (e.g., play a song, act as a hands-free headset for a
phone, etc.). Output audio can, however, have any other
suitable purpose. The speaker 260 is preferably embedded
with a biomonitoring neuroheadset. In particular, the
speaker 260 is preferably embedded in an ear bud physically
supported by the wearable support frame 240 and addition-
ally housing portions one or more bioelectrical signal sensor
210. In a specific example, the system 200 can include a
speaker 260 positioned proximal an EEG sensor 210 and an
ear canal of the user. Additionally or alternatively, one or
more speakers 260 can be positioned at any location in
relation to components of the biomonitoring neuroheadset.
However, the speaker 260 can be remote from the biomoni-
toring neuroheadset (e.g., a speaker 260 wirelessly commu-
nicating with the biomonitoring neuroheadset), or can oth-
erwise be omitted from the system 200.

[0137] The speaker 260 is preferably controlled by the
processing module 252 of the electronics subsystem 250, but
can additionally or alternatively be controlled by any suit-
able component. The speaker 260 can be configured to emit
audio samples generated by and/or transmitted by any
suitable user device. In a specific example, the communi-
cations module 254 of the electronics subsystem 250 can be
configured to receive from a mobile computing device an
audio sample transmitted based on instructions extracted
from a collected audio signal input of the user, where the
speaker 260 can be configured to emit the audio sample.

[0138] In avariation, the one or more speakers 260 can be
configured to emit one or more audio samples from which a
user response can be measured (e.g., by a bioelectrical signal
sensor 210, by a microphone 230). In a specific example,
one or more EEG sensors 210 can be configured to collect
a second EEG signal dataset (e.g., where a first EEG signal
dataset was collected prior to emission of the audio sample)
from the user during a time period in response to emission
of the audio sample, and wherein one or more reference
sensors are further configured to collect a second reference
signal dataset (e.g., where the first reference signal dataset
was collected prior to emission of the audio sample) from
the user contemporaneously with collection of the second
EEG signal dataset during the time period. In another
specific example, repetitive stimuli are applied to the user
(e.g., a beep or other suitable audible stimulus of 0.25 s
duration at 800 Hz, repeated at 1.2 sec intervals) and the
response is averaged over equivalent portions of the
response relative to the onset of the stimulus (e.g., in a
time-locked manner), to derive an evoked response signal
(e.g., a bioelectrical signal dataset corresponding to an
evoked response). In a related example, a proportion of the
supplied audible stimuli have a differentiating property (e.g.,
a different pitch, such as 1100 Hz), and are used to generate
a differential evoked response signal (e.g., averaged across
the equivalent portions of the associated response to the
stimuli having the differentiating property) separate from the
evoked response signal corresponding to the audible stimuli
not having the differentiating property (e.g.. at the pitch of
800 Hz). The differential evoked response and the evoked
response can be compared, and the comparison can be used
to derive information about the user (e.g., cognitive pro-
cesses utilized by the user, cognitive decline, fatigue, hear-
ing acuity, etc.).

[0139] However, one or more speakers 260 can be con-
figured in any suitable manner.
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4.7 Supplemental Sensors.

[0140] The system 200 can include one or more supple-
mental sensors, which function to collect supplemental data
to aid in monitoring psychological (e.g., cognitive state
metric) and/or physiological status (e.g., cardiovascular
parameters, health status parameter, etc.) of a user. One or
more supplemental sensors can include: motion sensors
(e.g., accelerometers, gyroscopes), magnetometers, audio
sensors, video sensors, location sensors, and/or any other
suitable sensor. A supplemental sensor is preferably
arranged at a suitable location of the biomonitoring neuro-
headset, but can additionally or alternatively be positioned at
any suitable location (e.g., as part of user device distinct
from the biomonitoring neuroheadset, etc.). However, one or
more supplemental sensors can be configured in any suitable
mannet.

[0141] In an example, one or more supplemental sensors
can include a motion sensor configured to detect one or more
user motion features indicating a user’s gait, imbalance,
tremors, exercise habits, counting steps, movement restric-
tions, and/or any other suitable user motion feature.

[0142] In another example, the supplemental sensors can
include one or more cameras. The cameras can be mounted
to the system (e.g., be pointed at the user, pointed at an
external environment, etc.), mounted distal the system, or be
otherwise arranged. The cameras can be stereoscopic, vis-
ible spectrum, invisible spectrum (e.g., IR), or be otherwise
configured. In a specific example, images and/or video
captured by the cameras can provide a feed of the current use
environment and/or user motion (e.g., using optical flow,
etc.), which can then be mapped against the EEG, audio and
other bioparameters to provide contextual information and
real time feedback that is dynamically suited to the situation.
[0143] User motion features and/or any suitable data col-
lected by one or more supplemental sensors can be used
with, combined with, and/or processed in any suitable
manner with collected bioelectrical signal data and/or other
suitable datasets in order to determine a bioparameter (e.g.,
cognitive state metric, cardiovascular parameter such as
heart beat, etc.), control operation of a user device (e.g.,
detecting user gestural instructions such as nodding, head
shaking, control taps on casing, head motion, body motion,
facial expressions, etc.), and/or perform any other suitable
operation in relation to the method 100. The supplemental
data streams can additionally or alternatively be used to:
verify the determined bioparameter, determine the biopa-
rameter (e.g., a different version of the same bioparameter,
using a different set of inputs and/or methodologies, wherein
the best bioparameter value, such as the bioparameter value
with the highest confidence level, can be selected from the
set of potential bioparameter values), determine a backup
bioparameter (e.g., when the primary data set, such as the
BEG signals, are unavailable or have noise above a noise
threshold), trigger subsequent analyses (e.g., trigger EEG
signal sampling, trigger bioparameter verification or valida-
tion), or be used in any other sutiable manner. However, one
or more supplemental sensors can be configured to perform
any suitable operation.

[0144] The method 100 and/or system 200 of the embodi-
ments can be embodied and/or implemented at least in part
as a machine configured to receive a computer-readable
medium storing computer-readable instructions. The
instructions can be executed by computer-executable com-
ponents integrated with the application, applet, host, server,
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network, website, communication service, communication
interface, hardware/firmware/software elements of a patient
computer or mobile device, or any suitable combination
thereof. Other systems and methods of the embodiments can
be embodied and/or implemented at least in part as a
machine configured to receive a computer-readable medium
storing computer-readable instructions. The instructions can
be executed by computer-executable components integrated
with apparatuses and networks of the type described above.
The computer-readable medium can be stored on any suit-
able computer readable media such as RAMs, ROMs, flash
memory, EEPROMs, optical devices (CD or DVD), hard
drives, floppy drives, or any suitable device. The computer-
executable component can be a processor, though any suit-
able dedicated hardware device can (alternatively or addi-
tionally) execute the instructions.

[0145] The FIGURES illustrate the architecture, function-
ality and operation of possible implementations of systems,
methods and computer program products according to pre-
ferred embodiments, example configurations, and variations
thereof. In this regard, each block in the flowchart or block
diagrams may represent a module, segment, step, or portion
of code, which comprises one or more executable instruc-
tions for implementing the specified logical function(s). It
should also be noted that, in some alternative implementa-
tions, the functions noted in the block can occur out of the
order noted in the FIGURES. For example, two blocks
shown in succession may, in fact, be executed substantially
concurrently, or the blocks may sometimes be executed in
the reverse order, depending upon the functionality
involved. It will also be noted that each block of the block
diagrams and/or flowchart illustration, and combinations of
blocks in the block diagrams and/or flowchart illustration,
can be implemented by special purpose hardware-based
systems that perform the specified functions or acts, or
combinations of special purpose hardware and computer
instructions.

[0146] As a person skilled in the art will recognize from
the previous detailed description and from the figures and
claims, modifications and changes (e.g., combinations of
any suitable number of any of the variants and embodiments
disclosed above) can be made to the embodiments of the
invention without departing from the scope of this invention
as defined in the following claims.

We claim:
1. A method for detecting bioelectrical signals from a user,
comprising:

establishing bioelectrical contact between a first subre-
gion of a region of the user and a first electroencepha-
logram (EEG) sensor of a biomonitoring neuroheadset;

establishing bioelectrical contact between a second sub-
region of the region of the user and a first reference
sensor of a noise reduction subsystem of the biomoni-
toring neuroheadset;

establishing bioelectrical contact between a first auxiliary
subregion of an auxiliary region of the user and a
second EEG sensor of the biomonitoring neuroheadset;

establishing bioelectrical contact between a second aux-
iliary subregion of the auxiliary region of the user and
a second reference sensor of the noise reduction sub-
system the biomonitoring headset;

collecting, at the first reference sensor, a first reference
signal dataset during a first time period;
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collecting, at the second reference sensor, a second ref-
erence signal dataset contemporaneously with the first
time period,

generating an averaged reference signal dataset from the

first reference signal dataset and the second reference
signal dataset;

collecting, at the first EEG sensor, a first EEG signal

dataset from the user referenced to the averaged refer-
ence signal dataset, contemporaneously with the first
time period,

collecting, at the second EEG sensor, a second EEG signal

dataset from the user referenced to the averaged refer-
ence signal dataset, contemporaneously with the first
time period,

generating an aggregated EEG dataset based on the first

EEG signal dataset and the second EEG signal dataset;
and

extracting a bioparameter from the aggregated EEG data-

set.

2. The method of claim 1, wherein generating the aggre-
gated EEG dataset comprises:

producing a first noise-reduced EEG dataset from the first

EEG signal dataset and the first reference signal data-
set,

producing a second noise-reduced EEG dataset from the

second EEG signal dataset and the second reference
signal dataset, and

generating the aggregated EEG dataset from a combina-

tion of the first noise-reduced EEG dataset and the
second noise-reduced EEG dataset.

3. The method of claim 1, wherein extracting the biopa-
rameter from the aggregated EEG dataset comprises:

identifying a time-varying oscillation in values of the

aggregated EEG dataset;

estimating at least one of a heart rate and a heart rate

variability based on the time-varying oscillation in
values, wherein the at least one of the heart rate and the
heart rate variability corresponds to the first time
period.

4. The method of claim 3, wherein identifying the time-
varying oscillation in values comprises identifying a set of
QRS complex sequences in the values of the aggregated
EEG dataset, and wherein estimating the at least one of the
heart rate and the heart rate variability is based on the set of
QRS complex sequences.

5. The method of claim 3, further comprising generating
a cognitive state metric for the user based on the aggregated
EEG dataset, and the at least one of the heart rate and the
heart rate variability, wherein the cognitive state metric
indicates a cognitive state of the user during the first time
period.

6. The method of claim 1, wherein the first subregion of
the region comprises an ear canal of the user, wherein the
first subregion of the auxiliary region comprises a contral-
ateral ear canal of the user, wherein the second subregion of
the region is proximal a mastoid process of a temporal bone
of the user, and wherein the second subregion of the auxil-
lary region is proximal a contralateral mastoid process of a
contralateral temporal bone of the user.

7. The method of claim 1, wherein generating the aggre-
gated EEG dataset comprises generating a driven right leg
signal using a driven right leg module of the noise reduction
subsystem, and wherein generating at least one of the first
noise-reduced EEG dataset and the second noise-reduced
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EEG dataset comprises generating the at least one of the first
noise-reduced EEG dataset and the second noise-reduced
EEG dataset using the driven right leg signal.
8. The method of claim 7, wherein the driven right leg
module is characterized by a first feedback reference loca-
tion at a third subregion of the region, the third subregion
proximal the first and the second subregions of the region,
the driven right leg module further characterized by a second
feedback reference location at a third auxiliary subregion of
the auxiliary region, the third auxiliary subregion proximal
the first and second auxiliary subregions of the auxiliary
region.
9. The method of claim 1, wherein the bioparameter is
further extracted from a set of supplemental data, measured
by supplemental sensors contemporaneously with the first
time period.
10. The method of claim 1, further comprising:
transmitting a combined dataset to a computing device of
the user, the combined dataset comprising the extracted
bioparameter and aggregated EEG dataset;

generating, at a software component executing on the
computing device, an analysis of the combined dataset;

receiving, at the biomonitoring neurcheadset, operation
instructions transmitted by the computing device and
generated based on the analysis of the combined data-
set; and

operating a third device based on the operation instruc-

tions.

11. The method of claim 10, further comprising;

receiving, at a remote server, an aggregated EEG dataset

portion and a bioparametric portion of the combined
dataset;

generating a cognitive state metric based on the aggre-

gated EEG dataset portion and the bioparametric por-
tion, wherein the cognitive state metric indicates a
cognitive state of the user during the first time period;
determining a stimulus to modify the cognitive state of the
user, based on the cognitive state metric; and
providing, at an output of the biomonitoring neurohead-
set, the stimulus to the user.

12. The method of claim 11, wherein the output of the
biomonitoring neuroheadset comprises a speaker, and
wherein the stimulus comprises an audio therapy.

13. The method of claim 11, further comprising;

in response to providing the stimulus to the user at the

output of the biomonitoring neuroheadset:

generating a second aggregated EEG dataset during a
second time period;

extracting a second bioparameter from the second
aggregated EEG dataset contemporaneously with the
second time period; and

generating a second combined dataset based on the sec-

ond aggregated EEG dataset and the second bioparam-
eter.

generating a second cognitive state metric based on the

second combined dataset, wherein the second cognitive
state metric indicates a cognitive state response to the
stimulus during the second time period.

14. A system for detecting bioelectrical signals from a
user, comprising:

afirst EEG sensor positioned proximal an ear canal of the

user, the first EEG sensor configured to collect a first
EEG signal dataset from the user during a first time
period;
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a second EEG sensor positioned proximal a contralateral
ear canal of the user, the second EEG sensor configured
to collect a second EEG signal dataset from the user
during the first time period,;

a noise reduction subsystem comprising:

a first reference sensor positioned proximal a mastoid
process of a temporal bone proximal the ear canal,

a second reference sensor positioned proximal a con-
tralateral mastoid process of a contralateral temporal
bone proximal the contralateral ear canal,

the noise reduction subsystem configured to generate
an averaged reference signal dataset from outputs of
the first and second reference sensors contempora-
neously with collection of the first and second EEG
signal datasets during the first time period, wherein
the first and second EEG signal datasets are refer-
enced to the averaged reference signal dataset;

a wearable support frame worn at a head region of the user
and cooperatively supported at the ear region and the
contralateral ear region, the wearable support frame
supporting and physically connecting the first and
second EEG sensors and the first and second reference
sensors; and

an electronics subsystem comprising a processing mod-
ule, the processing module comprising an averaging
circuit configured to produce an aggregated EEG data-
set from processing the first and second EEG signal
datasets, the electronics subsystem electronically con-
nected to the first EEG sensor, the second EEG sensor,
and the noise reduction subsystem.

15. The system of claim 14, wherein the processing
module is configured to extract a cardiovascular parameter
from the aggregated EEG dataset, wherein the cardiovascu-
lar comprises at least one of a heart rate and a heart rate
variability.

16. The system of claim 15, wherein the processing
module is further configured to:

identify a time-varying oscillation in values of the aggre-
gated EEG dataset;

estimate the cardiovascular parameter based on the time-
varying oscillation in values.

17. The system of claim 16, wherein identifying the
time-varying oscillation in values of the aggregated EEG
dataset comprises identifying a set of QRS complex
sequences from the values of the aggregated EEG dataset.

18. The system of claim 16, wherein the processing
module is further configured to generate a cognitive state
metric for the user based on the aggregated EEG dataset and
the cardiovascular parameter, wherein the cognitive state
metric indicates a cognitive state of the user during the first
time period.

19. The system of claim 14, wherein the first reference
sensor is a first common mode sensor, wherein the second
reference sensor is a second common mode sensor, wherein
the averaged reference signal dataset is an averaged com-
mon mode signal dataset, wherein the noise reduction sub-
system further comprises a driven right leg module posi-
tioned proximal the first common mode sensor and the
mastoid process of the temporal bone, and wherein the
processing module is further configured to produce a noise-
reduced aggregated EEG dataset from a driven right leg
dataset generated by the driven right leg module in combi-
nation with the aggregated EEG dataset.
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20. The system of claim 14, wherein the processing
module comprises:
a first processing module positioned proximal the first
EEG sensor, and
a second processing module positioned proximal the
second EEG sensor.

# % % k&
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