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Systems and methods for automatically identifying segments
of EEG signals or other brain electrical activity signals that
contain artifacts, and/or editing the signals to remove seg-
ments that include artifacts
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METHOD AND DEVICE FOR REMOVING
EEG ARTIFACTS

[0001] The present disclosure pertains to devices and meth-
ods for collecting brain electrical activity data, and specifi-
cally to devices and methods for automatically editing brain
electrical activity signals.

[0002] Automatic analysis of EEG data or other types of
brain electrical activity date using, for example, Quantitative
Assessment of EEG, requires signals that are free of noise due
to physiologic and non-physiologic factors. Attempts at
obtaining artifact-free data have included methods for elimi-
nating artifacts from EEG signals, thereby leaving only the
underlying brain electrical activity signal, or by identifying
EEG segments that contain artifacts and manually editing
EEGs to remove segments affected by artifact.

[0003] Current systems and methods for automatically fil-
tering EEG signals have limited accuracy and may not reli-
ably identify and/or remove all artifacts. In addition, manual
editing of EEGs is time consuming and subject to user bias.
Accordingly, there is a need for improved methods for auto-
matically identifying EEG artifacts and editing EEGs to
remove segments affected by artifacts.

[0004] A device for automatically editing brain electrical
activity data is provided. The device comprises at least two
EEG electrodes; a circuit for measuring electrical potential
signals from the electrodes; amemory unit configured to store
data related to the electrical potential; an analysis unit con-
figured to analyze the signal to determine if temporal seg-
ments of the signal include artifacts due to of any of eye
movements, cable or electrode movements, impulse artifacts,
and muscle activity, and if any segment does include artifacts,
identifying the segment as including artifacts; and editing the
data in the analysis unit to remove segments that include
artifacts.

[0005] A method for automatically editing brain electrical
activity data is provided. The method comprises positioning
at least two frontal EEG electrodes on a patient; obtaining a
signal representing brain electrical activity in each of the
electrodes; analyzing the signal to determine if temporal seg-
ments of the signal include artifacts due to of any of eye
movements, cable or electrode movements, impulse artifacts,
and muscle activity, and if any segment does include artifacts
identifying the segment as including artifacts; and editing the
signal to remove segments that include artifacts.

DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1A illustrates a brain electrical activity moni-
toring system according to one embodiment of the present
disclosure.

[0007] FIG. 1Billustrates a schematic diagram of the moni-
toring system of FIG. 1A, illustrating additional components.
[0008] FIG. 2A illustrates an electrode set for use with the
brain electrical activity monitoring system of the present
disclosure.

[0009] FIG. 2B illustrates the electrode set of FIG. 1B, as
applied to a patient.

[0010] FIG. 3 shows approximately eight seconds of EEG
that includes artifacts produced by vertical eye movements
(VEM).

[0011] FIG. 4 shows approximately eight seconds of EEG
that includes artifacts produced by horizontal eye movements
(HEM).
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[0012] FIG. 5 shows approximately eight seconds of EEG
that includes artifacts produced by cable/electrode movement
(PCM).

[0013] FIG. 6 shows approximately eight seconds of EEG
that includes impulse artifacts (IMP).

[0014] FIG. 7 shows approximately eight seconds of EEG
that includes artifacts produced by muscle activity (EMG).
[0015] FIG. 8 shows approximately eight seconds of EEG
that includes artifacts produced by significantly low-ampli-
tude signal due to Burst Suppression (SLAS).

[0016] FIG.9 shows approximately eight seconds of EEG
that includes Atypical Electrical Activity Pattern (AEAP).

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0017] The present disclosure provides devices and meth-
ods for analyzing brain electrical activity, including editing
brain electrical activity data to identify and remove brain
electrical activity signals that contain certain types of arti-
facts.

[0018] As used herein, “EEG signal” or “signal” refers to
recordings of cerebral electrical activity, or other types of
brain electrically activity, recorded from any location on the
cranium. EEG or other brain electrical activity data can be
stored as a digital signal in a memory unit. As used herein,
“artifacts” or “noise” refers to any electrical potential
recorded while obtaining an EEG or other brain electrical
activity signal that is not of cerebral origin or is the result of
abnormal brain activity. As used herein, “EEG electrode”
refers to any electrode placed on a person’s head and capable
of detecting brain electrical activity. EEG electrodes can be
placed according to known positioning systems, such as, the
expanded international 10/20 placement system. In addition,
as used throughout, EEG can include cerebral electrical activ-
ity or other types of brain electrical activity, and it will be
understood that the methods of the present disclosure can be
used to identify and remove artifacts from any type of brain
electrical activity signal.

[0019] Most systems that rely on quantitative analysis of
EEG typically assume that a trained technologist has manu-
ally edited the raw data to remove artifacts. However, the
editing process can be time-consuming and is inherently sub-
jective. In addition, technologist editing prevents automated
monitoring, and therefore, is not suitable for continuous and
rapid monitoring (e.g., in an ICU, in a field hospital, at a
sporting event, or in typical primary care settings). The fol-
lowing processing techniques can be used to automatically
identify and/or remove (e.g., edit out) EEG or other brain
electrical activity data segments that include artifacts. This
may be accomplished using standard signal processing com-
ponents, which include digital filtering (low-pass filtering,
bandpas filtering, etc.), thresholding, peak detection, and fre-
quency-based processing.

[0020] There are seven typical types of noise that can con-
tribute to poor signal quality. EEG segments including each of
these types of artifacts, as recorded with a limited electrode
montage (i.e., 5 electrodes) are shown in FIGS. 3-9, with the
segment containing artifact data identified by a dark dashed-
line box. These EEGs were recorded with electrode imped-
ances under 5 k€. The data was sampled at 8 kHz, low-pass
filtered to remove signal frequencies above 45 Hz, and down-
sampled to 100 Hz for purposes of display and editing. These
artifacts include (1) horizontal/lateral eye movements (HEM)
(see FIG. 3, 300), (2) vertical eye movements (e.g. blinks)
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(VEM) (see FIG. 4, 400), (3) cable or electrode movement
causing over-range artifacts (PCM) (see FIG. 5, 500), (4)
impulse artifacts (for example due to electrode “pops”) (IMP)
(see FIG. 6, 600), (5) electromyographic activity (also
referred to as “muscle activity”) (EMG) (see F1G. 7, 700), (6)
significantly low amplitude signal (for example as a result of
the suppression component of “burst suppression”) (SLAS)
(see FIG. 8, 800), and (7) atypical electrical activity pattern
(for example due to paroxysmal brain activity) (AEAP) (see
FIG. 9, 900). Out of these seven artifact types, two are non-
physiological (type 3, type 4), three are physiological, but are
not brain-generated (type 1, 2, type 5) and two are brain-
generated (type 6, type 7). All of these artifacts reflect either
non-brain electrical activity or abnormal brain-electrical
activity.

[0021] The present disclosure provides a comprehensive,
fully-automated, artifact detection system, mimicking the
ability of trained EEG technologists to edit EEG records. The
edited records may be used for subsequent processing and
analysis, using, for example, quantitative analyses of brain
electrical activity. In certain embodiments, the method and
device of the present disclosure can include a limited frontal
electrode montage, as described further below.

[0022] In certain embodiments, the present disclosure pro-
vides a device and method for automatically editing EEG
signals. In certain embodiments, the method comprises posi-
tioning at least two frontal EEG electrodes on a patient, and
obtaining a signal representing brain electrical activity in
each of the electrodes. The signal can be analyzed to deter-
mine if temporal segments of the signal include artifacts due
to of any of eye movements, cable or electrode movements,
impulse artifacts, and muscle activity, and if any segment
does include artifacts identifying the segment as including
artifacts. In some embodiments, the signal is edited to remove
segments that include artifacts. In some embodiments, the
method further includes analyzing the signal to determine if
temporal segments of the signal include artifacts due to of any
significantly low amplitude signal and atypical electrical
activity.

[0023] A number of different EEG systems can be used to
collect data using the methods of the present disclosure. In
certain embodiments, the system can be a compact, self-
contained device. For example, FIG. 1A illustrates an EEG
system 10, according to certain embodiments of the present
disclosure. As shown, the system 10 can include an enclosure
20 containing electrical circuitry configured to perform data
processing, stimulus generation, and analysis for diagnosis
and patient monitoring. In addition, the enclosure 20 may
further include a display system 30, such as an LCD or other
visual display to provide real-time, easy-to-interpret informa-
tion related to a patient’s clinical status.

[0024] In some embodiments, the system 10 will include
circuitry configured to provide real-time monitoring of brain
electrical activity. The system 10 will provide rapid data
acquisition, processing, and analysis to allow point-of-care
diagnosis and assessment. For example, as shown, the display
system 30 can include one or more indicators 35, or visual
displays, that are configured to display an easy-to-interpret
indication of a patient’s status. In one embodiment, the indi-
cators 35 will include an indication of where a patient’s status
lies relative to a normal data set, a patient’s status relative to
a base line, and/or one or more indicators of the origin of any
abnormalities. In some embodiments, the indicators provide a
scale (from normal to severely abnormal). In other embodi-
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ments, typical EEGs, as shown in the attached figures may be
displayed on the system 30, as recorded and/or after editing.

[0025] FIG. 1B illustrates a schematic diagram of the moni-
toring system of FIG. 1A, illustrating additional components.
As shown, the enclosure 20, can include a number of compo-
nent parts. For example, the enclosure 20 may include a
memory unit or storage system 22 configured to store data
related to patient brain electrical activity data measurements,
oradatabase of normal and/or pathological readings. Further,
the enclosure will include circuitry configured to process and
evaluate electrical signals and data 24, and a transmitter unit
26.

[0026] The circuitry 24 can include a number of circuitry
types. For example the circuitry 24 can include processing
circuitry configured to receive electrical signals from elec-
trodes and to process such signal using filters (e.g., band pass,
low pass, and/or high pass filters), as shown in FIGS. 2A-2B,
and to convert such signals into data that can be further
evaluated. In some embodiments, the circuitry can be config-
ured to enable nonlinear processing, including nonlinear
amplifiers. Further, the circuitry 24 can also include compo-
nents configured to allow analysis of processed data and
comparison of brain electrical activity data to normal data, or
to previous or future measurements, as described in more
detail below. Further, it will be understood that, although
shown as a single component, multiple components can be
included, either on a single chip or multiple chips.

[0027] The transmitter unit 26 can include a number of
transmitter types. For example, the transmitter 26 may
include a hardware connection for a cable or a telemetry
system configured to transmit data to a more distant receiver
28, or a more powerful transmission system to redirect data to
a database 32 that may be stored nearby or at a remote or
distant location. In certain embodiments, the data can be
transmitted and stored and/or evaluated at a location other
than where it is collected.

[0028] The brain electrical monitoring system 10 may be
configured to attach to various patient interfaces. For
example, FIGS. 2A-2B illustrate an electrode set 50 for use
with the system 10 of the present disclosure. As shown, the
electrode set 50 includes one or more electrodes 60 for place-
ment along the patient’s forehead and mastoid region. As
shown, the electrode set 50 includes a limited number of
electrodes 60 to facilitate rapid and easily repeated placement
of the electrodes 60 for efficient, but accurate, patient moni-
toring. Further, in one embodiment, the electrodes 60 may be
positioned on a head band 70 that is configured for easy
and/or rapid placement on a patient, as shown in FIG. 2B.
Further, it will be understood that other electrode configura-
tions may be selected, which may include fewer or more
electrodes.

[0029] In certain embodiments, a limited frontal electrode
montage can be used to implement the methods of the present
disclosure, including at least two electrodes. In some embodi-
ments, the at least two frontal EEG electrodes are positioned
at FP1 and FP2 positions based on the expanded international
10/20 placement system. In some embodiments, the at least
two frontal EEG electrodes are positioned at F7 and F8 posi-
tions based on the expanded international 10/20 placement
system. In some embodiments, the electrodes include at least
five electrodes positioned at FP1, FP2, F7, F8, and AFz posi-
tions based on the expanded international 10/20 placement
system.
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[0030] As noted, the electrode set 50 will be operably con-
nected to the monitoring system 10. Generally, the electrodes
60 will be electrically coupled with the monitoring system 10
to allow signals received from the electrodes to be transmitted
to the monitoring system 10. Such an electrical coupling will
generally be through one or more electrical wires, but non-
physical connections may also be used.

[0031] To identify artifacts, EEG signals may be analyzed
in certain temporal segments or epochs. Generally, the seg-
ment duration should be long enough to allow identification
of artifacts in question, but as short as possible to minimize
editing out segments or data that do not contain artifact. In
some embodiments, segments having lengths between 10 to
500 ms are analyzed and/or edited out if they contain EEG
artifacts. In one embodiment, the signals are analyzed in
approximately 320 ms length segments or sub-epochs,
although other signal lengths may be used depending, for
example, on the type of brain electrical activity being ana-
lyzed. In certain embodiments, when editing out segments
containing artifacts, data recorded just before and/or after the
artifacts may also be edited out. For example, in some
embodiments, segments of duration of 320 ms occurring
immediately before and immediately after a segment contain-
ing artifact are automatically edited out.

[0032] In certain embodiments, slow lateral eye move-
ments (HEMs) are identified, and brain electrical activity data
segments containing lateral eye movement artifacts are edited
out of the signal. In certain embodiments, HEM artifacts are
identified as waveforms of 1 Hz or less that have opposite
polarity at F7 and F8. Each of the two EEG channels F7 and
F8 may band-pass filtered using an FIR filter with passband
0.5-3 Hz, producing signals F7f and F8f, the high-pass cut-off
frequency of 0.5 Hz being chosen to ignore the influence of
low-frequency activity occurring at frequencies below the
delta__1 band (0.5-1.5 Hz). EEG segments containing HEM
artifacts are identified wherever the difference signal F7{-F8f
exceeds a threshold. In various embodiments, the threshold
can be between 10 pV and 100 pV, or between 10 uV and 30
1V, or in one embodiment, approximately 24 pV.

[0033] In certain embodiments, vertical eye movement
(VEM)/eye opening/eye closing (EOEC) artifacts are identi-
fied, and brain electrical activity data segments containing
those artifacts are edited out of the signal. Detection of the
electrophysiological effect of a vertical eye movement
(VEM) (of which eye opening/closing is a sub-type) can
performed by locating large excursions (“peaks”) on the Fp1
and Fp2 leads. Since both eyes move in unison, only such
excursions that occur concurrently and in the same direction
(same polarity of the peaks) on Fp1 and Fp2 are identified as
vertical eye movements. In some embodiments, each of the
two signals Fp1 and Fp2 is first low-pass filtered in the range
0.5-5 Hz. In each segment, runs of samples exceeding a given
threshold. In various embodiments, the threshold can be
between 10 pV and 100 pV, or between 10 uV and 30 pV, or
in one embodiment, approximately 24 uV. In each such run,
the global extremum is located and its value is compared to
average signal values on either side of it. If the absolute
difference between the extremum and either average exceeds
the threshold, the segment is identified as a candidate VEM
artifact. After this processing has occurred on both leads, the
results are combined to turn candidate VEMs to true VEMs
wherever they occurred concurrently on Fpl and Fp2 as
described above. In certain embodiments, determining if tem-
poral segments of the signal include artifacts due to eye move-
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ments includes filtering signals obtained from electrodes
positioned at the Fpl and Fp2 positions, comparing each
signal to an average signal from the same electrode, deter-
mining if the signals exceed a threshold, and if the signal
exceeds a threshold, determining if changes in the Fp1 and
Fp2 signals occur concurrently, and if the changes do occur
concurrently, identifying the segment as including artifacts.
[0034] Insomeembodiments, cable orelectrode movement
(PCM) artifacts, are identified, and brain electrical activity
data segments containing those artifacts are edited out of the
signal. In some embodiments, determining if temporal seg-
ments of the signal include artifacts due to cable or electrode
movement includes identifying a signal amplitude greater
than a threshold, and if any segment includes an amplitude
greater than the threshold, identifying that segement as
including cable or electrode movement artifacts. In certain
embodiments, the threshold can be between 50 pV and 250
1V, or between 50 pV and 150 pV, or, in one embodiment,
approximately 120 pV.

[0035] Insome embodiments, impulse artifacts are identi-
fied, and brain electrical activity data segments containing
those artifacts are edited out of the signal. In some embodi-
ments, a frontal EEG channel is first high-pass filtered with
cutoff frequency at to remove the alpha-1 band from the
signal in that channel. In some embodiments, the cut-off
frequency is 15 Hz. Next, high-frequency variations of signal
amplitude in successive segments of 100 ms width with 50%
overlap are examined. Within each segment, the value (max-
min) is computed and trigger an IMP artifact detection when
it exceeds a given threshold. In certain embodiments, the
threshold can be between 25 uV and 250 puV, or between 50
uV and 125 uV, or in one embodiment, approximately 75 pV.
[0036] Insome embodiments, muscle activity (EMG) arti-
facts are identified, and brain electrical activity data segments
containing those artifacts are edited out of the signal. This
artifact is characterized by high-frequency signals (above 20
Hz) occurring in bursts of variable duration. In certain
embodiments, muscle movement artifacts are identified by
band pass filtering a signal from at least one electrode in the
range of the EEG 31 band to produce signal E1 and band pass
filtering the same signal in the range of the 2 band to produce
signal E2, and if relative energy of E2 relative to E1 exceeds
a threshold, identifying the segment as containing muscle
movement artifacts. In certain embodiments, the signal is
band-pass filtered in the range of 25-35 Hz (2 band) and
15-25 Hz (B1 band).

[0037] Insome embodiments, brain electrical activity data
segments containing significantly low amplitude signal
(SLAS) are identified, and brain electrical activity data seg-
ments containing those artifacts are edited out of the signal.
This artifact is meant to capture extremely low-amplitude
EEG signals (at all frequencies) which occur, for example,
when the brain is in Burst Suppression mode; a condition
which can occur (but should be avoided) during anesthesia.
No additional filtering of the signal is used for detection of
this activity. In some embodiments, SLAS can be detected by
looking for signal epochs with mean-square energy below a
threshold. In certain embodiments, the threshold can be
between 1 uV? and 25 uV?, or between 10wV and 15 uV?>, or,
in one embodiment, approximately 12 pV?2.

[0038] Insome embodiments, brain electrical activity data
segments containing atypical electrical activity pattern
(AEAP) are identified, and brain electrical activity data seg-
ments containing those artifacts are edited out of the signal.
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This artifact includes unusual patterns of activity in the signal
such as those that occur in the EEG of epileptic subjects
during a convulsive or non-convulsive seizure. Such artifacts
can be identified using a combination of wavelet analysis and
fractal dimension computation, as described in A. Jacquin et
al. “Automatic Identification of Spike-Wave Events and Non-
Convulsive Seizures with a Reduced Set of Electrodes,” Pro-
ceedings of the 29th IEEE EMBS International Conference,
Lyon, France, August 2007.

[0039] The methods for automatically identifying and edit-
ing out brain electrical activity data segments that contain
artifacts has been tested and validated by comparison to
manual editing techniques. The process has been found to be
suitable for editing recordings from patients with a variety of
different pathologies, including, for example, traumatic brain
injury with positive imaging, head injuries/concussions with
negative or no imaging, subjects who had no head injury or
evidence of CNS abnormalities, subjects with strokes or
tumors, subjects with alcohol or drug encephalopathies, and
other patient populations. In addition, the methods have been
used to edit EEG recordings from patients with cerebro-
vascular accidents (CVA) who frequently had the character-
istic of frontal slow waves in their EEGs, indicating that the
methods of the present disclosure remove pathology from the
EEG by mistaking it as artifact.

[0040] Other embodiments will be apparent to those skilled
in the art from consideration of the specification and practice
of the devices and methods disclosed herein. It is intended
that the specification and examples be considered as exem-
plary only, with a true scope being indicated by the following
claims.

1-28. (canceled)
29. A method for automatically editing brain electrical
activity data, comprising:
obtaining a signal representing brain electrical activity
from EEG electrodes on a patient; and
performing at least one of the following to identify artifacts
in the signal:
(a) identifying artifacts due to lateral eye movement,
wherein the signal includes two EEG channel signals
corresponding to F7 and F8 electrode signals, and the
identification comprises:
determining that F7 signal and the F8 signal have
opposite polarities,

filtering the F7 signal and F8 signal with a passband of
0.5 Hz-3 Hz, and

determining whether a difference between the filtered
signal F7 and the filtered signal F8 exceeds a pre-
determined threshold;
(b) identifying artifacts due to vertical eye movement,
wherein the signal includes two EEG channel signals
corresponding to Fpl and Fp2 electrode signals, and
the identification comprises:
low-pass filtering the Fp1 signal and the Fp2 signal in
the range of 0.5 Hz-5 Hz,

identifying a global extremum in the filtered Fp1 sig-
nal and the filtered Fp2 signal,

comparing the global extremum to average signal val-
ues on either side of the global extremum, for the
filtered Fp1 signal and the filtered Fp2 signal,

identifying candidate vertical eye movement artifacts
when the difference between the global extremum
and the average signal value of either side exceeds
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a predetermined threshold, for the filtered Fp1 sig-
nal and the filtered Fp2 signal, and
determining that candidate vertical eye movement
artifacts are actual vertical eye movement artifacts
when candidate vertical eye movement artifacts for
Fp1 and Fp2 occur concurrently;
(c) identifying artifacts due to impulse artifacts, com-
prising:
high-pass filtering the signal from one of the EEG
electrodes to remove the alpha component of the
signal, and
determining whether a time segment of the signal
include signal variations greater than a predeter-
mined threshold;
(d) identifying artifacts due to muscle activity, compris-
ing:
band-pass filtering the signal from one of the EEG
electrodes in arange of an EEG 31 band to produce
a signal E1 and band-pass filtering the same signal
in a range of a 2 band to produce a signal E2, and
determining whether an energy of the signal E2 rela-
tive to the signal E1 exceeds a threshold; and
(e) identifying significantly low amplitude signal due to
burst suppression, comprising:
identifying time segments of the signal from one of
the EEG electrodes with mean-square energy
below a predetermined threshold between 1 uVv?
and 25 pv=.
30. The method of claim 29, comprising:
identifying artifacts due to lateral eye movement, wherein
the signal includes two EEG channel signals corre-
sponding to the F7 and F8 electrode signals, and the
identification comprises:
determining that the F7 signal and the F8 signal have
opposite polarities,
filtering the F7 signal and F8 signal with a passband of
0.5 Hz-3 Hz, and
determining whether the difference between the filtered
signal F7 and the filtered signal F8 exceeds a prede-
termined threshold between 10 uV and 100 pV.
31. The method of claim 29, comprising:
identifying artifacts due to vertical eye movement, wherein
the signal includes two EEG channel signals corre-
sponding to Fp1 and Fp2 electrode signals, and the iden-
tification comprises:
low-pass filtering the Fp1 signal and the Fp2 signal in the
range of 0.5 Hz-5 Hz,
identifying a global extremum in the filtered Fp1 signal
and the filtered Fp2 signal,
comparing the global extremum to average signal values
on either side of the global extremum, for the filtered
Fp1 signal and the filtered Fp2 signal,
identifying candidate vertical eye movement artifacts
when the difference between the global extremum
and the average signal value of either side exceeds a
predetermined threshold between 10 pV and 100 pV,
for the filtered Fp1 signal and the filtered Fp2 signal,
and
determining that candidate vertical eye movement arti-
facts are actual vertical eye movement artifacts when
candidate vertical eye movement artifacts in the Fpl
signal and the Fp2 signal occur concurrently.
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32. The method of claim 29, comprising:

identifying artifacts due to impulse artifacts, comprising:

high-pass filtering the signal from one of the EEG elec-
trodes to remove the alpha component of the signal
with a cut-off frequency of 15 Hz, and

determining whether a time segment of the signal
include signal variations greater than a predetermined
threshold between 25 pV and 250 pV.

33. The method of claim 29, comprising:

identifying artifacts due to muscle activity, comprising:

band-pass filtering the signal from one of the EEG elec-
trodes in the range of an EEG 1 band to produce the
signal E1 and band-pass filtering the same signal in
the range of the 2 band to produce signal E2, wherein
the range of the 1 band is 15 Hz-25 Hz and the range
of the 32 band is 25 Hz-35 Hz, and

determining whether the energy of the signal E2 relative
to the signal E1 exceeds a threshold.

34. The method of claim 29, further comprising:

identifying artifacts due to cable or electrode movement,

comprising:

identifying a signal amplitude greater than a predeter-
mined threshold between 50 uV and 250 V.

35. A computer-readable medium storing instructions for
causing one or more processors to perform a method for
automatically editing brain electrical activity data, compris-
ing:

obtaining a signal representing brain electrical activity

from EEG electrodes on a patient; and

performing at least one of the following identification of

artifacts in the signal:
(a) identifying artifacts due to lateral eye movement,
wherein the signal includes two EEG channel signals
corresponding to F7 and F8 electrode signals, and the
identification comprises:
determining that F7 signal and the F8 signal have
opposite polarities,

filtering the F7 signal and F8 signal with a passband of
0.5 Hz-3 Hz, and

determining whether a difference between the filtered
signal F7 and the filtered signal F8 exceeds a
threshold;
(b) identifying artifacts due to vertical eye movement,
wherein the signal includes two EEG channel signals
corresponding to Fpl and Fp2 electrode signals, and
the identification comprises:
low-pass filtering the Fp1 signal and the Fp2 signal in
the range of 0.5 Hz-5 Hz,

identifying a global extremum in the filtered Fp1 sig-
nal and the filtered Fp2 signal,

comparing the global extremum to average signal val-
ues on either side of the global extremum, for the
filtered Fp1 signal and the filtered Fp2 signal,

identifying candidate vertical eye movement artifacts
when the difference between the global extremum
and the average signal value of either side exceeds
a threshold, for the filtered Fp1 signal and the fil-
tered Fp2 signal, and

determining that candidate vertical eye movement
artifacts are actual vertical eye movement artifacts
when candidate vertical eye movement artifacts for
Fpl and Fp2 occur concurrently;

(c) identifying artifacts due to impulse artifacts, com-
prising:
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high-pass filtering the signal from one of the EEG
electrodes to remove the alpha component of the
signal, and

determining whether a time segment of the signal
include signal variations greater than a predeter-
mined threshold;

(d) identifying artifacts due to muscle activity, compris-
ing:

band-pass filtering the signal from one of the EEG
electrodes in a range of an EEG 1 band to produce
a signal E1 and band-pass filtering the same signal
in a range of a $2 band to produce a signal E2, and

determining whether an energy of the signal E2 rela-
tive to the signal E1 exceeds a threshold; and

(e) identifying significantly low amplitude signal due to
burst suppression, comprising:

identifying time segments of the signal from one of
the EEG electrodes with mean-square energy
below a predetermined threshold between 1 uV?
and 25 uV=.

36. A device for automatically editing brain electrical
activity data, comprising:
one or more memories for storing instructions; and
one or more processors configured to execute the instruc-
tions to perform operations, including:
obtaining a signal representing brain electrical activity
from EEG electrodes on a patient; and
performing at least one of the following identification of
artifacts in the signal:
(a) identifying artifacts due to lateral eye movement,
wherein the signal includes two EEG channel sig-
nals corresponding to F7 and F8 electrode signals,
and the identification comprises:
determining that F7 signal and the F8 signal having
opposite polarities,

filtering the F'7 signal and F8 signal with a passband
of 0.5 Hz-3 Hz, and

determining whether a difference between the fil-
tered signal F7 and the filtered signal F8 exceeds
a threshold;
(b) identifying artifacts due to vertical eye movement,
wherein the signal includes two EEG channel sig-
nals corresponding to Fpl and Fp2 electrode sig-
nals, and the identification comprises:
low-pass filtering the Fp1 signal and the Fp2 signal
in the range of 0.5 Hz-5 Hz,

identifying a global extremum in the filtered Fpl
signal and the filtered Fp2 signal,

comparing the global extremum to average signal
values on either side of the global extremum, for
the filtered Fp1 signal and the filtered Fp2 signal,

identifying candidate vertical eye movement arti-
facts when the difference between the global
extremum and the average signal value of either
side exceeds a threshold, for the filtered Fpl
signal and the filtered Fp2 signal, and

determining that candidate vertical eye movement
artifacts are actual vertical eye movement arti-
facts when candidate vertical eye movement arti-
facts for Fpl and Fp2 occur concurrently;

(c) identifying artifacts due to impulse artifacts, com-
prising:
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high-pass filtering the signal from one of the EEG
electrodes to remove the alpha component of the
signal, and

determining whether a time segment of the signal
include signal variations greater than a predeter-
mined threshold;

(d) identifying artifacts due to muscle activity, com-

prising:

band-pass filtering the signal from one of the EEG
electrodes in a range of an EEG p1 band to
produce a signal E1 and band-pass filtering the
same signal in a range of a $2 band to produce a
signal E2, and

determining whether an energy of the signal E2
relative to the signal E1 exceeds a threshold; and

(e) identifying significantly low amplitude signal due

to burst suppression, comprising:

identifying time segments of the signal from one of
the EEG electrodes with mean-square energy
below a predetermined threshold between 1 pv?>
and 25 pv=>.
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