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Description

LICENSE RIGHTS-FEDERAL SPONSORED RE-
SEARCH

[0001] The U.S. Government has a paid-up license in
this invention and the right in limited circumstances to
require the patent owner to license others on reasonable
terms provided for by the terms of grant number R44NS-
046978-02 awarded by the National Institute of Neuro-
logical Disorders and Stroke.

CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] This application claims priority to U.S. Provi-
sional Patent application serial no. 61/348,114, which
was filed on May 25, 2010.

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

[0003] The present invention relates to processing of
signals, and particularly to the processing of electrophys-
iological signals. More particularly, the present invention
relates to detection, identification and in some embodi-
ments the removal of artifacts in biomedical signals in-
cluding EEG signals. Further, the present invention re-
lates to an automated method for identification and/or
removal of artifacts from these signals.

2. TECHNOLOGY REVIEW

[0004] Electroencephalograph (EEG) monitoring is a
valuable non-invasive tool for monitoring brain activity.
However, EEG signals are susceptible to various phys-
iological artifacts such as ocular artifacts (eye blinks, rap-
id eye movements, etc.), muscle artifacts (head move-
ment, biting, swallowing, facial movements, etc.), cortical
activity artifacts (awake and sleep brain activity, etc.), as
well as other, non-physiological artifacts (electrode or
lead movement, percussion from an intravenous drip,
etc.). These artifacts can seriously undermine EEG in-
terpretation, especially in automated real-time analysis.
The strategy of rejecting artifact-corrupted EEG can re-
sult in unacceptable data loss, while alternatively asking
subjects to minimize movements in order to minimize ar-
tifacts is not always feasible. Hence, the automated de-
tection and removal of artifacts is an important tool to
develop.
[0005] Various methodologies have been proposed for
EEG artifact detection and removal. Time domain and
frequency domain regression methods are based on sub-
tracting a portion of a recorded electrooculogram (EOG)
from the EEG. These methods have an inherent draw-
back in that they do not take into account the propagation
of EEG activity into the recorded EOG, which can lead
to relevant portions of the EEG signal being cancelled

along with the artifact. Moreover, these methods are
heavily dependent on having a good regressing EOG
channel. Furthermore, it is difficult to extend this to other
artifacts such as those caused by physiological signals
as well as artifacts caused by movement or sweating,
since reference signals may not be available. EOG sig-
nals have also been used for ocular artifact minimization
through adaptive filtering techniques. These techniques
also require the availability of EOG reference signals.
[0006] Principal component analysis (PCA) is another
technique used to remove ocular artifacts from multi-
channel EEG. While it purportedly is more effective than
regression or dipole model-based methods, PCA cannot
completely separate ocular artifacts from either EEG
when they are of comparable amplitudes or non-EOG
based artifacts.
[0007] Independent component analysis (ICA) based
methods also have been developed to overcome some
of the above drawbacks and have shown some promise
in removing a wide variety of artifacts. ICA methods lin-
early "unmix" multi-channel scalp EEG into independent
components, and do not typically need reference chan-
nels corresponding to each artifact source. ICA methods
are applicable to multi-channel EEG recordings and re-
quire visual inspection of the independent components
to implement artifact removal, although automated arti-
fact recognition and removal algorithms have recently
been proposed.
[0008] In addition recently, wavelet-based artifact
identification and removal methods have become popu-
lar since they do not require reference channels or mul-
tiple EEG channels for artifact removal, and are applica-
ble in real-time.
[0009] These techniques and the devices using them
are unable to detect artifacts in real time due to batch
processing techniques for identifying the artifacts or due
to computationally intensive techniques. Further often-
times the removal of artifacts using these techniques can
result in more questionable data resulting from false pos-
itive identification of artifacts or false negative failure of
identification.
[0010] In addition to EEG monitoring, better tech-
niques and devices using artifact removal methods are
needed for many types of signal processing applications
such as EEG, EOG, EMG, and ECG, for physiological
and other signals based on the central or autonomous
nervous system, for anesthesia monitoring, for seizure
detection, for sedation monitoring and the like.
[0011] It is therefore an object of the present invention
to provide a device, system, monitor and method that
meets all of these needs and others where such a device
and method would be applicable. It is another object of
the present invention that this device and method detect
and in some cases remove artifacts in real time. Finally
it is an object of the present invention that a patient’s
diagnosis and therapeutic treatment be more accurately
determined based on the better diagnostic data from the
testing of the patient. WO 2003/000128 discloses method
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of detecting or removing artifacts in a physiological signal
comprising acquiring a physiological signal from a sub-
ject and analyzing the physiological signal to detect the
presence of HF electrosurgical artefacts.
[0012] The Article "Automatic identification and remov-
al of artefacts in EEG using a probabilistic multi-class
approach with error correction" of Shu-Yun Shao et al in
IEEE International Conference, October 2008, teaches
independent component analysis of artefacts that are an-
alyzed to differentiate to which artifact category they be-
long. US Patent publication 2008/0234973 discloses an-
alyzing signals to define probabilities of artefacts. US pat-
ent 6,317,627 discloses a system which classifies pa-
tients using measures derived solely from EEG signals.

SUMMARY OF THE INVENTION

[0013] The present invention relates to a physiological
monitor and system, more particularly to an electroen-
cephalogram (EEG) monitor and system, and a method
of detecting the presence and absence of artifacts and
possibly removing artifacts from an EEG, other physio-
logical signal or sensor signal without corrupting or com-
promising the signal.
[0014] The accurate and real-time detection of the
presence or absence of artifacts and removal of artifacts
in an EEG or other signal allows for increased reliability
in the efficacy of those signals. The artifact removal meth-
ods of the present invention can be used in a variety of
applications. For example, these methods can be used
for artifact removal from most physiological signals in-
cluding electrocardiography (ECG), electroencephalog-
raphy (EEG), electrical impedance tomography (EIT),
electromyography (EMG) and electro-oculography
(EOG). These methods and the systems and devices
using these methods preferably can be used for brain
dysfunction or activity monitoring such as for anesthesia
monitoring, for seizure detection, for sedation monitoring
and the like. These methods and the systems and devic-
es using these methods preferably can be used with
equipment for the operating room, acute care such as
the intensive care unit, critical care such as the emer-
gency room, or in the field. These methods and the sys-
tems and devices using these methods can be used by
anesthesiologists, nurse anesthetists, neurologists and
neurosurgeons, pulmonologists, emergency room phy-
sicians and clinicians, intensive care physicians and cli-
nicians, medics, paramedics, emergency medical tech-
nicians, respiratory technicians, and the like. Preferably,
these methods and the systems and devices using these
methods can be used by individuals or clinicians with little
or no training in signal analysis or processing. These
methods preferably are used with anesthesia monitors,
seizure detectors, sedation monitors, sleep diagnostic
monitors, any sort of ECG monitor, any sort of EEG mon-
itor, battlefield monitors, operating room monitor, ICU
monitor, emergency room monitor, and the like.
[0015] The various embodiments of the system of the

present invention were developed for monitoring and
processing various physiological signals from a subject.
Preferably, this system is used for the brain wave or ac-
tivity monitoring of a single patient or multiple patients.
Preferably, the system is a multi-channel EEG system;
however, depending on purpose of use and cost, sys-
tems may have as few as 1 channel. Preferably, the sys-
tem or monitor of the present invention also includes one
or more methods or algorithms for detecting or quantify-
ing cortical activity, level of consciousness, sleep stage,
seizure detection, level of sedation and the like. Prefer-
ably, the system or monitor can also measure muscle
activity, EMG, contained in the EEG signal. In addition,
the system and related methods can use other sensors
that measure physiological or other sensor signals which
directly or indirectly result in or from brain dysfunction,
or effect or result from brain activity. In other embodi-
ments, the system and related methods as adapted and
set forth herein can use physiological and other sensor
signals for measuring ECG, EOG, EMG, and other phys-
iological signals known to those skilled in the art; or for
measuring function or other aspects or a human or other
animal body.
[0016] Preferably, the system or monitor is constructed
to be rugged, so as to withstand transport, handling and
use in all of the applications listed above including in
emergency scenarios, such as on the battlefield or in
mass casualty situations, or to reliably survive daily use
by emergency medical personnel or other first respond-
ers. The system or monitor should preferably be splash-
proof (or water tight), dust-tight, scratch-resistant, and
resistant to mechanical shock and vibration. The system
or monitor should preferably be portable and field-de-
ployable in particular embodiments to a military theater
of operation, the scene of an accident, the home of a
patient, or to any clinical setting.
[0017] The system or monitor should preferably be de-
signed for non-expert use. By this, it is meant that a per-
son should not be required to possess extraordinary or
special medical training in order to use the system effec-
tively and reliably. The system should therefore prefera-
bly be automatic in operation in a number of respects.
First, the system should be preferably capable of auto-
matic calibration. Second, the system should preferably
have automatic detection of input signal quality; for ex-
ample, the system should be capable of detecting an
imbalance in electrode impedance. Third, the system
should preferably be capable of artifact detection and
removal on one or more levels, so as to isolate for anal-
ysis that part of the signal which conveys meaningful in-
formation related to a subject’s physical, physiological or
cortical activity, level of consciousness, sleep stage, oc-
currence of a seizure, level of sedation and the like.
Fourth, the system should preferably include outputs
which result in visual and/or audible feedback capable
of informing the user of the state of the patient related to
quantification of physical, physiological or cortical activ-
ity, level of consciousness, sleep stage, occurrence of a
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seizure, level of sedation and the like at any time during
the period of time that the system is monitoring the pa-
tient.
[0018] Preferably, the system should operate in real
time. One example of real-time operation is the ability of
the system to detect a seizure or brain dysfunction event
as it is happening, rather than being limited to analysis
that takes place minutes or hours afterward.
[0019] The processor or computer, and the methods
of the present invention preferably contain software or
embedded algorithms or steps that automatically identify
artifacts and even more preferably remove the artifacts
from the physiological or other sensor signal, and auto-
matically quantify physical, physiological or cortical ac-
tivity, level of consciousness, sleep stage, identify sei-
zures or other brain dysfunction, level of sedation based
on the essentially artifact free EEG signal.
[0020] The system described in this invention also pref-
erably incorporates a number of unique features that im-
prove safety, performance, durability, and reliability. The
system should preferably be cardiac defibrillator proof,
meaning that its electrical components are capable of
withstanding the surge of electrical current associated
with the application of a cardiac defibrillator shock to a
patient being monitored by the system, and that the sys-
tem remains operable after sustaining such a surge. The
system should preferably have shielded leads so as to
reduce as much as possible the effects of external elec-
tromagnetic interference on the collection of biopotential
or physiological signals from the patient being monitored
by the system. The system should preferably be auto-
calibrating, and more preferably capable of compensat-
ing for the potential differences in the gains of the input
channels to the patient module. The system should pref-
erably be capable of performing a continuous impedance
check on its electrode leads to ensure the quality of mon-
itored signals.
[0021] Optionally, the system or monitor may be cali-
brated or tested via the utilization of a "virtual patient"
device, which outputs pre-recorded digital EEG in analog
format and in real time in a manner similar to what would
be acquired from an actual patient, possibly with data
from patients with known brain dysfunction or brain wave
abnormalities. This virtual patient can also output any
arbitrary waveforms at amplitudes similar to those of EEG
signals. These waveforms may be used for further testing
of the amplification system, such as for the determination
of the amplifier bandwidth, noise profile, linearity, com-
mon mode rejection ratio, or other input requirements.
[0022] In substantially all embodiments, the invention
utilizes at least two separate measures which provide at
least probabilities of true and false artifacts in physiolog-
ical signals, particularly in EEG signals. These measures
are preferably artifact detection methods, processes or
algorithms, preferably at least one of which is a method,
process or algorithm for sensitivity and at least one of
which is for specificity. Sensitivity methods, processes
or algorithms are those that are designed to be or happen

to be more accurate and useful for the detection and/or
calculation of the presence and/or probability of the pres-
ence of real artifacts in an EEG, other physiological signal
or other sensor signal. Specificity methods, processes
or algorithms are those that are designed or happen to
be more accurate and useful for the detection and/or cal-
culation of the absence and/or probability of the absence
of artifacts, in an EEG, other physiological signal, or other
sensor signal. Another way to describe these two types
of methods, processes or algorithms is that those for sen-
sitivity test for the percentage of accurate detections
when presented with true artifacts whereas those for spe-
cificity test for the percentage of accurate non-detections
when presented with a signal with no artifacts. Each em-
bodiment of the present invention utilizes a combination
of at least one of each type of detection method in order
to maximize the accuracy and reliability of the detection
process and ensure that when an artifact is detected it
truly is present and can be removed without corrupting
or compromising the underlying EEG, other physiological
signal or other sensor signal. Otherwise, the portion of
the signal that contains the artifact can be removed from
analysis.
[0023] A major benefit of utilizing at least one sensitivity
and at least one specificity method, process or algorithm
in all embodiments is that it provides a two-tier artifact
detection process whereas most systems for artifact de-
tection only contain methods for detecting the presence
of artifacts. Generally, sensitivity algorithms utilize
thresholds to determine whether an artifact is present.
With the present invention, sensitivity thresholds are
used to detect the presence of artifacts, and can be set
lower, which allows the invention to detect more artifacts
than most other systems. However, setting a lower sen-
sitivity threshold does sometimes lead to the system de-
tecting artifacts that are not actually present. The present
invention counteracts this problem of false artifact detec-
tion with the addition of the specificity methods, process-
es or algorithms which detect normal waveforms, or the
absence of artifacts. Using this two-tiered artifact detec-
tion system, the present invention allows for increased
identification of and accuracy in detection of real artifacts
as well as security against false identification of artifacts
by using the specificity methods, processes or algorithms
to verify whether artifactual portions of the waveform ac-
tually contain the artifacts identified. Following are some
examples of embodiments of the present invention uti-
lizing this combination of artifact detection techniques.
[0024] One embodiment of the present invention is a
method of for monitoring a patient under anesthesia com-
prising the steps of acquiring an EEG signal from a pa-
tient, analyzing with a processor the EEG signal at sub-
stantially the same time as the signal is acquired with at
least two separate measures, the two separate measures
at least providing probabilities of the presence or ab-
sence of artifacts in the EEG signal, combining the two
separate measures of the probabilities of the presence
or absence of artifacts to detect or remove the artifacts,
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and analyzing the EEG signal containing the detected or
removed artifacts using a cortical activity measure.
[0025] Another embodiment of the present invention
is a method of monitoring a patient under anesthesia
comprising the steps of acquiring an EEG signal from a
patient, analyzing with a processor the EEG signal at
substantially the same time as the signal is acquired with
at least two separate measures, the two separate meas-
ures at least providing probabilities of the presence or
absence of artifacts in the EEG signal, combining the at
least two separate measures of the probabilities of the
presence or absence of artifacts to detect or remove the
artifacts, analyzing the EEG signal containing the detect-
ed or removed artifacts using a cortical activity measure,
and outputting a signal based at least in part on the cor-
tical activity measure to a device for communicating the
outputted signal a clinician monitoring the patient under
anesthesia.
[0026] Still another embodiment of the present inven-
tion is a method of for monitoring a patient under an-
esthesia comprising the steps of acquiring an EEG signal
from a patient; analyzing with a processor the EEG signal
at substantially the same time as the signal is acquired
with at least two separate measures, the two separate
measures at least providing probabilities of the presence
or absence of artifacts in the EEG signal, combining the
two separate measures of the probabilities of the pres-
ence or absence of artifacts to detect or remove the ar-
tifacts, analyzing the EEG signal containing the detected
or removed artifacts using a cortical activity measure,
and outputting a signal based at least in part on the cor-
tical activity measure to a device for controlling the pa-
tients level of anesthesia.
[0027] Yet another embodiment of the present inven-
tion is a method of detecting seizure in a subject com-
prising the steps of acquiring an EEG signal from a sub-
ject who may be having a seizure(s); analyzing with a
processor the EEG signal at substantially the same time
as the signal is acquired with at least two separate meas-
ures, the two separate measures at least providing prob-
abilities of the presence or absence of artifacts in the
EEG signal, combining the two separate measures of the
probabilities of the presence or absence of artifacts to
detect or remove the artifacts, and analyzing the EEG
signal containing the detected or removed artifacts using
a seizure detection measure.
[0028] Yet another embodiment of the present inven-
tion is a method of detecting seizure in a subject com-
prising the steps of acquiring an EEG signal from a sub-
ject who may be having a seizure(s); analyzing with a
processor the EEG signal at substantially the same time
as the signal is acquired with at least two separate meas-
ures, the two separate measures at least providing prob-
abilities of the presence or absence of artifacts in the
EEG signal, combining the two separate measures of the
probabilities of the presence or absence of artifacts to
detect or remove the artifacts, analyzing the EEG signal
containing the detected or removed artifacts using a sei-

zure detection measure, and outputting a signal based
at least in part on the seizure detection measure to a
device for communicating the outputted signal to a car-
egiver monitoring the subject.
[0029] Yet another embodiment of the present inven-
tion is method of detecting or removing artifacts in a phys-
iological signal comprising the steps of acquiring a phys-
iological signal from a subject, analyzing with a processor
the physiological signal at substantially the same time as
the signal is acquired with at least two separate meas-
ures, the two separate measures at least providing prob-
abilities of the presence or absence of artifacts in the
physiological signal and combining the two separate
measures of the probabilities of the presence or absence
of artifacts to detect or remove the artifacts.
[0030] Yet another embodiment of the present inven-
tion is a method of detecting or removing artifacts in a
physiological signal comprising the steps of instructing a
subject to perform an artifact generating routine while
acquiring a reference physiological signal from the sub-
ject, training an artifact detector using the reference phys-
iological signal, acquiring a diagnostic physiological sig-
nal from a subject, analyzing with a processor the diag-
nostic physiological signal at substantially the same time
as the signal is acquired with the trained artifact detector
comprising at least two separate measures, the two sep-
arate measures at least providing probabilities of the
presence or absence of artifacts in the physiological sig-
nal, and combining the two separate measures of the
probabilities of the presence or absence of artifacts to
detect or remove the artifacts from the physiological sig-
nal.
[0031] Yet another embodiment of the present inven-
tion is a method of detecting or removing artifacts in a
physiological signal comprising the steps of training an
artifact detector using data from a reference subject(s)
using known artifacts, acquiring a physiological signal
from a subject, analyzing with a processor the physio-
logical signal at substantially the same time as the signal
is acquired with the trained artifact detector comprising
at least three separate measures, the three separate
measures at least providing probabilities of the existence
of artifacts in the signal, probabilities of the absence of
artifacts from the signal and of normalization of an am-
plitude in the physiological signal, and combining the
three separate measures of the probabilities of the pres-
ence of artifacts, absence of artifacts and normalization
of the amplitude to detect or remove the artifacts.
[0032] Additional features and advantages of the in-
vention will be set forth in the detailed description which
follows, and in part will be readily apparent to those skilled
in the art from that description or recognized by practicing
the invention as described herein, including the detailed
description which follows, the claims, as well as the ap-
pended drawings.
[0033] It is to be understood that both the foregoing
general description and the following detailed description
are merely exemplary of the invention, and are intended
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to provide an overview or framework for understanding
the nature and character of the invention as it is claimed.
The accompanying drawings are included to provide a
further understanding of the invention, and are incorpo-
rated in and constitute a part of this specification. The
drawings illustrate various embodiments of the invention
and together with the description serve to explain the
principles and operation of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034]

FIG. 1. Block diagram of a system overview for real-
time applications.

FIG. 2. Flow chart depicting the EEG signal acquisi-
tion process (leading to artifact detection
processor).

FIG. 3. Flowchart of the artifact detection process.

FIG. 4. Flowchart of the artifact detection process
describing one embodiment of weighting and
additional steps of each artifact detection and
identification process.

FIG. 5. Flowchart for artifact detection process de-
tailing one embodiment of steps for error min-
imization using a patient database to opti-
mize the algorithm.

FIG. 6. Flowchart for artifact detection process de-
tailing one embodiment of steps for error min-
imization using data from the specific patient
acquired through a series of instructions to
create controlled artifacts to optimize the al-
gorithm.

FIG. 7. Flowchart for artifact detection process de-
tailing one embodiment of steps for detecting
ocular artifacts using the maximum and min-
imum slopes of the EEG signal to determine
probability of artifact presence.

FIG. 8. Flowchart for artifact detection processing
detailing an embodiment of steps for detect-
ing measure M: a temporal measure using
the "outliers" in the slope values of an EEG
segment to measure the ratio of the maxi-
mum to mean slope value to determine the
probability that an artifact is present.

FIG. 9. Flowchart for artifact detection processing
detailing another embodiment of steps for
identifying EL1 and EL2: energy localization
indices developed to detect intermittent oc-
ular artifact waveforms in an EEG segment

using the presence of high energy localized
sub-segments to determine the probability of
an artifact being present.

FIG. 10. Flowchart for artifact detection processing
detailing another embodiment of steps for
identifying CE: a combination of correlation
coefficient and energy distribution measures
used to calculate the probability of artifact
presence.

FIG. 11. Flowchart for artifact detection processing
detailing another embodiment of steps for
identifying A: a direct measure of high am-
plitude artifacts present in the EEG signal.

FIG. 12. Flowchart for artifact detection processing
detailing another embodiment of steps for
identifying AI: a measure that tracks changes
from rapid eye blinks to delta activity in frontal
EEG during inducement of anesthesia by
combining absolute differences between
EEG signals with a ratio of spectral powers
to determine the probability that an artifact is
present.

FIG. 13. Flowchart for artifact detection processing
detailing another embodiment of steps for
identifying G: a frequency-domain measure
using high-frequency EEG activity to deter-
mine the probability of the presence of mus-
cle artifacts.

DETAILED DESCRIPTION OF THE DRAWINGS

[0035] The present invention relates to a physiological
monitor and system, more particularly to an electroen-
cephalogram (EEG) monitor and system, and a method
of detecting the presence or absence of artifacts and pos-
sibly removing artifacts from an EEG, other physiological
signal or other sensor signal without corrupting or com-
promising the signal.
[0036] All embodiments of the present invention in-
volve acquiring an EEG, other physiological signal or oth-
er sensor signal from a subject or a patient, the subject
being any type of animal, including human subjects. The
precise method for acquiring a signal from the subject or
patient varies according to the physiological signal being
acquired and analyzed. In one most preferred embodi-
ment, that is acquiring EEG signals, electrodes can be
placed at various locations on the subject’s scalp in order
to detect EEG or brain wave signals. Common locations
for the electrodes include frontal (F), temporal (T), pari-
etal (P), anterior (A), central (C) and occipital (O). Pref-
erably for the present invention, at least one electrode is
placed in the frontal position. In order to obtain a good
EEG or brain wave signal it is desirable to have low im-
pedances for the electrodes. Typical EEG electrode con-
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nections may have impedance in the range of from 5 to
10 K ohms. It is in generally desirable to reduce such
impedance levels to below 2 K ohms. Therefore a con-
ductive paste or gel may be applied to the electrode to
create a connection with impedance below 2 K ohms.
Alternatively or in conjunction with the conductive gel,
the subject’s skin may be mechanically abraded, the
electrode may be amplified or a dry electrode may be
used. Dry physiological recording electrodes of the type
are described in U.S. Patent 7,032,301. Dry electrodes
provide the advantage that there is no gel to dry out or
irritate the skin, which guaranties long shelf life and longer
periods of monitoring the subject, no abrading or cleaning
of the skin, and that the electrode can be applied in hairy
areas such as the scalp. Additionally, preferably at least
two electrodes are used - one signal electrode and one
reference electrode; and if further EEG or brain wave
signal channels are desired, the number of electrodes
required will depend on whether separate reference elec-
trodes or a single reference electrode is used. For the
various embodiments of the present invention, preferably
an electrode is used and the placement of at least one
of the electrodes is at or near the frontal lobe of the sub-
ject’s scalp.
[0037] In other embodiments of the present invention,
electrodes may be placed at specific points on the sub-
ject’s body for measuring cardiac signals using an ECG.
ECG is used to measure the rate and regularity of heart-
beats, the size and position of the chambers, any damage
to the heart, and in diagnosing sleeping disorders. As the
heart undergoes depolarization and repolarization, elec-
trical currents spread throughout the body because the
body acts as a volume conductor. The electrical currents
generated by the heart are commonly measured by an
array of preferably 12 electrodes, placed on the body
surface. Although a full ECG test usually involves twelve
electrodes, only two are required for many tests such as
a sleep study. These are placed on the subject’s lefthand
ribcage, under the armpit and on the right-hand shoulder,
near the clavicle bone. An ECG is important as a tool to
detect the cardiac abnormalities that can be associated
with respiratory-related disorders. Preferably electrodes
are placed on each arm and leg, and six electrodes are
placed at defined locations on the chest. The specific
location of each electrode on a subject’s body is well
known to those skilled in the art and varies amongst in-
dividual and different types of subjects. These electrode
leads are connected to a device contained in the signal
processing module of the present invention that meas-
ures potential differences between selected electrodes
to produce electrocardiographic tracings.
[0038] Other similar methods of acquiring physiologi-
cal signals with which the present invention are known
to those skilled in the art for acquiring other signals such
as electrical impedance tomography (EIT), electromyog-
raphy (EMG) and electro-oculography (EOG).
[0039] In some embodiments, an EEG signal is meas-
ured from a subject or patient who may be having a sei-

zure(s). Similar to above, the patient is attached to an
EEG/seizure monitoring system via some form of elec-
trodes and electrode leads. Particularly if the patient is
known to be in danger of having a seizure, the EEG signal
can be analyzed watching for waveforms that are indic-
ative of the patient having a seizure so proper medical
care can be given.
[0040] Other sensor signals measuring physical con-
ditions of the subject include blood pressure measure-
ments, galvanic skin response, respiratory effort, respi-
ratory flow, body movement, pulse oximetry, and the like.
[0041] One step involves instructing a subject to per-
form an artifact generating routine while acquiring a phys-
ical or physiological reference signal from the subject.
Preferably, this is a physiological reference signal and
further is an EEG signal. This is the first step in the opti-
mization or calibration technique option for use of the
system that utilizes a reference signal created from the
particular patient. This process allows a clinician to pro-
duce a reference signal from the particular patient or sub-
ject that is used to optimize or calibrate the artifact de-
tector system’s sensitivity and specificity algorithms to
more accurately detect the presence and absence of ar-
tifacts in that particular patient or subject’s EEG, other
physiological signal or sensor signal. Once the patient is
attached to the system via some form of electrodes and
leads described above, a clinician gives the patient or
subject instructions (e.g., blink your eye(s), raise your
eyebrow(s), bite down, etc.) in order to produce known,
identifiable artifacts which are manifested in the resultant
EEG, other physiological signal or sensor signal output
to the clinician or user.
[0042] Another step involves training an artifact detec-
tor using a reference EEG signal. This step is one option
for optimizing and calibrating the system of the present
invention for accuracy in the detection of the presence
or absence of artifacts and removal of artifacts from the
EEG, other physiological signal or sensor signal that uti-
lizes the controlled artifact reference signal from the par-
ticular patient. The signal produced above by giving the
patient or subject instructions in order to produce con-
trolled artifacts, and which therefore contains such known
artifacts is then analyzed using the system containing
the present invention to detect the presence of those ar-
tifacts created and absence of others not expected to
have been created. The results of the artifact detection
method(s) are then compared against the expected re-
sults from the known artifact generation instructions. As
necessary, the process is repeated until the methods,
algorithms or processes produce results that match those
expected and each individual method, process or algo-
rithm is assigned a weight based on its accuracy in de-
tecting the various artifacts relative each other method,
algorithm or process.
[0043] Another option for training the detector is using
data from a reference subject(s) using known artifacts.
This is another option for optimizing and calibrating the
system and present invention for accuracy in the detec-

11 12 



EP 2 575 608 B1

8

5

10

15

20

25

30

35

40

45

50

55

tion of the presence or absence of artifacts from the EEG,
other physiological signal or sensor signal. Whereas the
optimization method above utilizes controlled artifact cre-
ating from the particular patient or subject, this method
utilizes a reference physiological signal containing arti-
facts from a database of EEG, other physiological signal
or sensor signals. The reference signal is initially ana-
lyzed using the system with the present invention to de-
tect the presence of those artifacts that are known to be
present as well as the absence of artifacts that are known
to be absent from the signal. The same reference signal
is presented to an expert in analyzing the particular type
of signal, and that expert determines where the artifacts
in the signal are located and annotates it accordingly.
The results from the methods, algorithms or processes
within the present invention are compared against the
expert annotation for accuracy and weights are assigned
to each individual method, algorithm or process accord-
ing to their accuracy in detecting the presence or absence
of artifacts in the signal.
[0044] Although the preferred embodiment of the
present invention involves the combination of artifact de-
tection methods, algorithms or processes using a weight-
ing method (which is a linear combination of the weights
assigned to each method, process or algorithm) for op-
timization, other optimization techniques are available
and could be utilized within the present invention. Exam-
ples of such other optimization techniques include: poll-
ing methods, decision tree methods, neural network
methods, heuristic methods, and many others. Polling
methods involve actively sampling the outputs of the
methods, processes or algorithms to determine how ac-
curately they are detecting the presence of artifacts or
normal waveforms and using those results to assign
weights to each method, process or algorithm. Decision
tree methods involve creating a virtual decision tree
where the presence of an artifact is the dependent vari-
able, the value of which determines the potential outcome
of each branch of the tree. These types of optimization
methods are commonly used for machine learning tech-
niques such as the optimization utilized here. Decision
tree methods utilize the relationships between variables
and the predicted values of those variables to determine
how the system should handle each conceivable circum-
stance. For the purposes of the present invention, the
outcome of each artifact detection method, process or
algorithm is a variable, and the possible values of each
are some form of true or false, most preferably mathe-
matical for automated computer analysis, more prefera-
bly binary. Neural network methods are another type of
non-linear decision method and involve a complex net-
work of individual processing elements that create a com-
plex network of decision modules that are determined by
the individual outputs of the small scale decision ele-
ments. Neural networks are particularly useful with meth-
ods, processes or algorithms such as utilized in the
present invention designed to assign weights to the out-
puts to produce a desired overall result. In the present

case, the individual results are the outputs of each artifact
detection method, process or algorithm, and the neural
network would utilize each of those outputs in conjunction
with each other to determine the weight that should be
applied to each. This is done through the neural network
model learning the relationships between the inputs and
outputs of the system through training. The learning proc-
ess involves repeatedly taking the observations from
each individual result and comparing them against the
optimal solution until the values of each of the variables
is optimized with respect to each other and the overall
result is as accurate and optimized as possible. Heuristic
methods are experience based techniques that seek out
the best possible or optimized solution.
[0045] Still another step includes acquiring a diagnos-
tic EEG signal from a subject. Similar to the description
above for obtaining an EEG (in one preferred embodi-
ment), other physiological signal, or other physical sen-
sor signal from the patient or subject, an EEG signal is
obtained from the subject’s brain by connecting the signal
collection system to the patient’s head utilizing scalp sur-
face mounted electrodes, or through direct attachment
to the brain by means of either intra-cranial cortical grids
or implanted deep brain electrodes. Brainwave signals
are transferred from the particular electrode type used,
through electrode leads and into the system where they
are filtered and analyzed for the presence or absence of
artifacts by the system containing the present invention.
[0046] Yet another step includes analyzing with a proc-
essor the EEG signal at substantially the same time as
the signal is acquired with at least two separate meas-
ures, the two or more separate measures at least pro-
viding probabilities of the presence and absence of arti-
facts in the EEG signal. This refers to the fact that the
system should preferably be able to obtain an EEG, other
physiological signal or sensor signal, perform the neces-
sary pre-processing functions (various filtering methods,
analog-to-digital conversion, etc.) and run at least two
artifact detection methods, algorithms or processes in
real-time to essentially eliminate any lag or delay in the
processing for rapid, accurate results. The system will
preferably perform all these functions within an amount
of time that appears to be instantaneous to the user.
[0047] Yet another step involves analyzing with a proc-
essor the diagnostic EEG signal at substantially the same
time as the signal is acquired with the trained artifact
detector comprising at least two separate measures, the
two or more separate measures at least providing prob-
abilities of the presence and absence of artifacts in the
EEG signal. Similar to above, the system should prefer-
ably be able to obtain a diagnostic EEG or other diag-
nostic physiological signal, perform the necessary pre-
processing functions (various filtering methods, analog-
to-digital conversion, etc.) and run at least two artifact
detection methods, algorithms or processes in real-time
to essentially eliminate any lag or delay in the processing
for rapid, accurate results. The system will preferably per-
form all these functions within an amount of time that

13 14 



EP 2 575 608 B1

9

5

10

15

20

25

30

35

40

45

50

55

appears to be instantaneous to the user.
[0048] Another step includes analyzing with a proces-
sor the EEG signal at substantially the same time as the
signal is acquired with the trained artifact detector com-
prising at least three separate measures, the three or
more separate measures at least providing probabilities
of the presence of artifacts, of the absence of artifacts,
and of normalization of amplitude in the EEG signal.
Again, similar to above, the system should preferably be
able to obtain a diagnostic EEG or other diagnostic phys-
iological signal, perform the necessary pre-processing
functions (various filtering methods, analog-to-digital
conversion, etc.) and run at least three artifact detection
methods, algorithms or processes in real-time to essen-
tially eliminate any lag or delay in the processing for rapid,
accurate results. The system will preferably perform all
these functions within an amount of time that appears to
be instantaneous to the user.
[0049] Still another step includes combining the two or
more separate measures of the probabilities of the pres-
ence and absence of artifacts to detect or remove the
artifacts (from the EEG signal where the separate meas-
ures are weighted when combined to optimize the detec-
tion or removal of artifacts). Each individual artifact de-
tection method, algorithm or process produces a math-
ematical probability that an artifact either is present in
the EEG, other physiological signal or sensor signal or
is not. By weighting the results of each of these methods,
algorithms or processes during the system optimization/
calibration phase, the results can be combined to deter-
mine the overall likelihood that an artifact is present with
much higher certainty. If the system shows that an artifact
is indeed present it is more likely to be accurately showing
that result and the artifact can be removed without com-
promising or corrupting the underlying EEG or other sig-
nal.
[0050] Another step still involves combining the three
or more separate measures of the probabilities of the
presence of artifacts, the absence of artifacts, and nor-
malization of the amplitude to detect or remove the arti-
facts where the separate measures are weighted when
combined to optimize the detection or removal of arti-
facts. Each individual artifact detection method, algo-
rithm or process produces a mathematical probability that
an artifact either is present in the EEG, other physiolog-
ical signal or sensor signal or is not. By weighting the
results of each of these methods, algorithms or process-
es during the system optimization/ calibration phase, the
results can be combined to determine the overall likeli-
hood that an artifact is present with much higher certainty.
If the system shows that an artifact is indeed present it
is more likely to be accurately showing that result and
the artifact can be removed without compromising or cor-
rupting the underlying EEG or other signal.
[0051] Yet another step still includes analyzing the
EEG signal containing the detected or removed artifacts
using a cortical activity measure. Here the corrected (ar-
tifacts having been detected and/ or removed) EEG, oth-

er physiological signal or sensor signal is analyzed by a
cortical activity monitor for accurate analysis of what the
patient’s or subject’s brain is doing.
[0052] Even still another step involves analyzing the
EEG signal containing the detected or removed artifacts
using a seizure detection measure. Here the corrected
(artifacts detected and/ or removed) EEG, other physio-
logical signal or sensor signal is analyzed by a seizure
activity monitor for accurate analysis of whether that EEG
signal is indicative of the patient having a seizure.
[0053] Another step includes outputting a signal based
at least in part on the cortical activity measure to a device
for communicating the outputted signal to a clinician or
caregiver monitoring the patient under anesthesia. Here
the resulting signal with artifacts detected and removed
is shown on a monitor or some other device which gives
the clinician or caregiver the information regarding the
patient’s level of consciousness. This allows the clinician
or caregiver to administer appropriate care or anesthesia
medication to control the patient’s consciousness as nec-
essary.
[0054] Yet another step involves outputting a signal
based at least in part in the cortical activity measure to
a device for controlling the patient’s level of anesthesia.
Here the resulting signal with artifacts detected and re-
moved is sent to an automated treatment delivery device
which is attached to the patient to monitor his or her level
of consciousness. This allows the automated treatment
delivery device to administer appropriate care or an-
esthesia medication to control the patient’s conscious-
ness as necessary.
[0055] Still another step includes outputting a signal
based at least in part on the seizure detection measure
to a device for communicating the outputted signal to a
clinician or caregiver monitoring the subject. The EEG
signal that has been filtered through the system and has
had any artifacts removed is output in any number of
ways to the clinician or caregiver who is monitoring the
patient, and if that signal is indicative of the patient having
a seizure, that clinician or caregiver can rush to the pa-
tient’s aid to administer such treatment or care as is nec-
essary to abate the seizure and return the patient to a
normal state of brain activity.
[0056] Now referring to the FIGS. 1-13, FIG. 1 is a block
diagram of a system for monitoring and real-time therapy
applications, and in this particular embodiment a seizure
detector. The system show in FIGS 1-13 can be adapted
with modifications for other types of sensor signals de-
scribed within this application. The system can be con-
nected to the subject either on the subject’s scalp 19 with
mounted surface electrodes 1, intra-cranial cortical grids
2, or implanted deep brain electrode(s) 3. The electrode
leads 1b are preferably connected to the system via a
yoke 4 containing cardiac defibrillation resistors (not
shown) designed to absorb the energy of a cardiac defi-
brillation pulse. These resistors (not shown) and the as-
sociated electronics in the front-end of the instrumenta-
tion amplifiers (not shown) are designed to protect the
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instrumentation electronics and in particular applications
to have electromagnetic interference filters (EMF) to
eliminate interference caused by other electrical devices,
while still ensuring that most of the energy delivered by
the pulse is used for the intended therapy. The brainwave
signals are then amplified and digitized by an analog-
digital converter (ADC) circuitry 5.
[0057] In addition, a signal quality (SQ) circuitry 6, 7
can be used to inject measurement currents into the leads
1b in order to calibrate the instrumentation amplifiers (not
shown) and measure electrode impedance. Similar SQ
circuitry monitors the front-end amplifiers in order to de-
tect eventual saturation that occurs when leads 1b are
disconnected. This information, along with the digitized
brainwave signals, is relayed to the processor 8a.
[0058] The processor 8a, 25 is composed of the sub-
systems 8 thru 14. The signal quality assessment module
8 is used to check whether each signal acquired by the
system is of sufficient quality to be used in the subsequent
analysis. This is done by continuously measuring the
electrode impedance of each brainwave channel, and by
quantifying the levels of 50 and 60 Hz noise in the signal.
High levels of 50 or 60 Hz indicate either a poor electro-
magnetic environment, or a poor connection to the pa-
tient which will result in a heightened sensitivity of the
system for any other environmental noise (e.g., lead
movement, vibration, etc.). High levels of 50 or 60 Hz
noise are usually indicative of poor signal quality.
[0059] If the signal quality is good, the system pro-
ceeds by analyzing the acquired signals in order to detect
the presence of environmental or physiological artifacts
(not shown), which may be corrupting the signal. This
analysis is done in the artifact measures computation
module 9. With the methods or algorithms of the present
invention several artifact detection methods or algo-
rithms are used in combination. These artifact detection
methods or algorithms analyze the signal for artifacts us-
ing combinations of both sensitivity and specificity meth-
ods or algorithms, each detecting the presence of arti-
facts in different ways, and those measures are com-
bined to increase the accuracy of artifact detection in the
combination and decision module 10. These techniques
are described in greater detail in FIGS. 3 and 4. In addition
methods or algorithms used in these combinations are
described in FIGS. 7-13. Other artifact detection tech-
niques may also be used in the system, devices or meth-
ods of the present invention. Some artifacts, such as oc-
ular artifacts, can be removed from the signal by using a
de-noising method. This is done at the level of the artifact
detection & removal module 11.
[0060] De-noised and artifact-free signals are sent to
the brainwave analysis/processing module 12. This sub-
system derives information contained in the signal, such
as the level of consciousness of the patient, the presence
of electro-cortical silence, the level of ocular activity
(EOG), the level of muscle activity (EMG), etc. This in-
formation can be used as a complement to the real-time
seizure detector to provide a better diagnostic means to

the user. Some of this information may also be used in
the real-time seizure detector to tune properly the differ-
ent thresholds used by the underlying algorithm.
[0061] The automated detection & decision module 13
is at the core of the real-time seizure detector. It uses a
method that amplifies abnormal spike activity in the sig-
nal, while minimizing the background ’normal’ brain ac-
tivity. It also combines the real-time seizure index with
the information obtained in the brainwave analy-
sis/processing module 12 in order to provide an accurate
diagnostic of the patient’s brain state.
[0062] A user interface module 14 provides the means
for the user to interact with the system. In the preferred
embodiment, this is done through the use of a display
16, which can be a touch screen display. The display 16
is used to warn the user, in real-time, of the presence of
seizures. In addition, the user interface module 14 ar-
chives all the acquired signals and processed variables
into a mass storage device 15, for later review.
[0063] The mass storage device 15 is used as a long
term storage archive for all of the acquired EEG signals
as well as the accompanying processing results. These
data will then be available for later use. The signals will
then be available for historical use and review where cli-
nicians or researchers can check for artifacts or other
abnormal brain activity; for example, seizures and the
like. An artifact free EEG signal can be stored in the mass
storage device 15 or a corrupted signal can be stored as
well with the artifacts identified as part of the signal. Fur-
thermore, they can be used as a database from which
signals can be used for baseline determination or cali-
bration of artifact detection techniques.
[0064] Finally, in some embodiments, the system is
connected to a mechanism that automatically delivers a
treatment to the patient, referred in the schematic as the
treatment delivery device 18. The output of the system
through a processor 8a, 25 can be used with the treat-
ment delivery device including a processor 8a, 25 in
closed loop 17, partially closed loop or open loop to au-
tomatically deliver physical, electrical or chemical treat-
ment to the subject automatically based on the occur-
rence of abnormal brain activity, and monitor the effec-
tiveness of such treatment in real time.
[0065] FIG. 2 shows an electrical schematic of the
method of one embodiment for the acquisition of an EEG
signal for further processing. In this embodiment, an EEG
signal 20 is obtained via electrodes 1 and transferred to
a data collection device 21, preferably at 900 samples
per second (not shown). Here, the signal is run through
a 0.5 Hz high pass hardware filter 22 to preferably elim-
inate any electromagnetic interference before being sent
to an analog to digital converter 23, which converts the
analog signal into its digital equivalent for further process-
ing via software. A digital (software) filter 24 is then ap-
plied and then passes the signal to the processor 8a, 25
(see also FIG. 1, 8a), both of which modules are utilized
in one or more embodiments of the present invention.
[0066] FIG. 3 shows a flow diagram of artifact identifi-
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cation and/or removal processing steps. The filtered and
converted EEG signal 30 enters the processor 8a, 25. At
least two different artifact detection and identification
methods, algorithms or processes 31 are applied to the
signal to determine the probability of the presence of ar-
tifacts or normal waveforms (absence of artifacts) in the
EEG signal. The methods, algorithms or processes 31
are then weighted or indexed by various addition meas-
ures or steps to optimize or calibrate (See FIGS. 5 & 6)
the system for accurate detection of the presence of ar-
tifacts or normal waveforms 32. Next, existing artifacts
can be removed from the filtered EEG signal via an arti-
fact removal process 33, or the entire corrupted signal
can be discarded as necessary. Various additional proc-
esses (not shown) can be applied to the EEG signal to
determine the subject’s cortical state or if there are any
abnormalities in the signal in the artifact indexing algo-
rithm 32 before the filtered EEG signal is displayed on
an output monitor 34 along with an assigned artifact index
as well as an index of the subject’s physiological state in
real time.
[0067] FIG. 4 is a flow diagram presenting one embod-
iment of the overall process for accurate artifact identifi-
cation and/or removal as well as additional steps that
may be included in the detection of artifacts. An unfiltered,
EEG or raw physiological or sensor signal 37 enters a
series of hardware and software preprocessing algo-
rithms and filters 38 (see FIGS. 1 & 2). This signal is then
used to optimize the system and present invention 39
(explained further in FIGS. 5 & 6). Essentially, during
optimization or calibration, a reference EEG, other phys-
iological signal or sensor signal is run through the
processing system and compared against expert anno-
tation or artifacts created under controlled conditions in
order to identify how accurate each individual artifact de-
tection method, process or algorithm is at detecting a
given artifact or normal waveform (absence of artifact),
and then weights are assigned accordingly to each meth-
od, process or algorithm. Once the weights are assigned,
the system and processor 8a, 25 are ready to analyze
EEG, other physiological signal or sensor signals in real-
time.
[0068] The now-filtered physiological signal encoun-
ters at least two artifact detection processes: at least one
to detect the presence of artifacts 40, and at least one to
detect the absence of artifacts 41. As necessary, numer-
ous other artifact detection processes can be applied to
the signal 42 to better identify both the presence and
absence of artifacts thereby increasing the present in-
vention’s accuracy in determining whether an artifact is
present. The artifact detection methods, processes or
algorithms of the present invention are selected based
on a variety of criteria. Certain methods are better in gen-
eral at detecting the presence of artifacts. Others are
better in general at detecting normal waveforms (the ab-
sence of artifacts). Some methods may be better at de-
tecting the presence and/or absence of artifacts of a par-
ticular type. Still some methods may be better with par-

ticular types of physiological signals. Still other methods
may be better at identifying combinations of various ar-
tifacts.
[0069] Each of the artifact detection methods, process-
es or algorithms calculates the probability that an artifact
exists or does not exist in the given physiological signal.
The weights assigned to each artifact detection process
are combined 43 and an artifact index, representing the
likelihood that an artifact is present, is created and output
44 to a processor 8a, 25. A pre-determined threshold is
applied to the artifact index 45 and the determination of
whether an artifact is present or not is made based on
the value of the artifact index compared to the threshold
value 46.
[0070] Some of the artifact detection methods, proc-
esses or algorithms 47, which are important to the
present invention, are described in more detail in FIGS.
7-13. FIGS 5 and 6 show two embodiments of the opti-
mization or calibration portion 39 of the processor 8a, 25,
each embodiment utilizing a weighting technique utilized
for each of methods, processes or algorithms.
[0071] FIG. 5 is a flow chart for an embodiment of ar-
tifact detection and weighting of individual artifact proc-
esses utilizing a database of patient data. The physio-
logical signal 50 from the database is initially processed
through the artifact detection measures 51 of the inven-
tion. The same physiological signal is presented to an
expert who visually determines 52 whether an artifact is
present. The results from these two artifact detection
methods are then compared 53 and weights are assigned
54 to each of the invention’s artifact detection processes
according to their accuracy.
[0072] FIG. 6 is a flow chart of another embodiment of
artifact detection and weighting of individual artifact proc-
esses using instructions given to the particular patient to
create controlled artifacts in the EEG signal. Once the
patient is attached to the monitoring system (not shown)
he or she is given a set of instructions 60 for various
movements designed to create known, controlled arti-
facts in the EEG signal 61. This signal is then processed
through the artifact detection measures 62. The results
of the artifact detection processes (artifact present or not)
are then compared 63 against the known, expected re-
sults according to the instructions given to the patient.
This entire process is repeated 64 until the invention’s
results match the known results of where artifacts are
present, and then weights are assigned to each of the
invention’s artifact detection processes according to ac-
curacy.
[0073] FIG. 7 shows a flow chart describing one em-
bodiment of the artifact detection methods, processes
and algorithms that can be utilized within the present in-
vention for detecting ocular artifacts: slope measure S.
The EEG signal 70 enters the processor 8a, 25 and the
slopes of the EEG signal are measured and compared
71 at regular intervals. The slope measurements are then
used to determine the maximum slope (S) 72 contained
within the EEG signal. The maximum slope (S) for each
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EEG epoch is then compared against a pre-determined
slope value (based on 10 randomly chosen artifact and
non-artifact EEG epochs) to determine the probability
that the particular epoch contains an artifact 73. The
weight that was determined for this measure during the
optimization process is then assigned to the value of the
S measure 74.
[0074] FIG. 8 shows a flow chart describing an artifact
detection process utilized within the invention for detect-
ing artifacts: the ratio of maximum slope to mean slope,
M. An EEG signal with artifacts will generally contain "out-
liers" in the slope values: extreme maximum or minimum
values that tend to indicate artifact presence. To measure
these outliers, the EEG signal 80 enters the processor
8a, 25 and the differences between the EEG signal and
the corresponding slopes are measured and compared
81 at regular intervals. The measure M is computed 82
as the ratio between the maximum slope and the mean
positive slope values of the EEG signal. This ratio M
measures the variance in the EEG slope values and is
utilized to determine the presence of artifacts. The weight
that was determined for this measure during the optimi-
zation process is then assigned to the value of the M
measure 83.
[0075] FIG. 9 is a flowchart of the artifact detection
process which determines the probability of artifact pres-
ence as a function of localized energy within the EEG
signal. The EEG signal 90 is captured and broken up into
individual, non-overlapping sub-segments 91. The ener-
gy value for each sub-segment is calculated 92 and those
values are used to create the energy distribution vector
93 representing those individual energy values for each
non-overlapping sub-segment. Two separate methods
are next employed to create two energy localization in-
dices which or both calculated using the energy distribu-
tion vector calculated above.
[0076] To obtain the first energy localization index,
EL1, the energies of each sub-segment are used to cal-
culate a value for EL1 94, the greater the value of which
indicates a higher probability that an artifact is present in
the EEG signal 95.
[0077] The second energy localization index, EL2, is
calculated using the coefficient of determination which
accounts for the proportion of variability in the energy
values of the non-overlapping sub-segments of the EEG
signal. The coefficient of determination is calculated for
each sub-segment 96 using the sum of the energies con-
tain therein, and then compared to the coefficient of de-
termination values from a uniform distribution to deter-
mine whether an artifact is present or not 97. The devi-
ation in these values is indicative of the probability that
an artifact is present in the EEG signal: the greater the
deviation in the values, the greater the probability that an
artifact is present. The weights that were determined for
these measures during the optimization process are then
assigned to the value of the EL1 and EL2 measures 98.
[0078] FIG. 10 shows a flow chart describing a com-
bined artifact detection process utilizing two separate

measures, a correlation coefficient (C) and energy dis-
tribution (ED), to determine the probability that an artifact
is present in a given EEG signal. An EEG signal is ac-
quired 100 and enters the processor 8a, 25 where it un-
dergoes the two separate processes used to determine
the combined measure (CE) measuring the probability
that an artifact is present.
[0079] For the correlation coefficient measure (C), the
cross-correlation coefficients (ρk) are computed 101 be-
tween a function that approximates an ocular artifact and
the overlapping sub-segments of an EEG signal. These
cross-correlation coefficients are then used to calculate
the correlation coefficient measure (C) 102 of the prob-
ability that an artifact exists in the given EEG signal.
[0080] To calculate the energy distribution portion of
this measure, two separate energy distribution vectors
are computed. First, the energy distribution vector (e)
103 for the EEG signal obtained above is computed. Si-
multaneously, the energy distribution vector (eδ) 104 for
a reference delta function is computed. The overall en-
ergy distribution vector (ED) 105 is computed as a func-
tion of the two individual vectors just computed.
[0081] The correlation coefficient (C) and energy dis-
tribution vector (ED) measures are combined into a
weighted sum that creates the artifact detection measure
(CE) 106, where the weight was chosen by using a train-
ing data set (not shown). The value of CE from the given
EEG signal is then used to determine the probability that
an artifact is present 107. The weight that was determined
for this measure during the optimization process is then
assigned to the value of the CE measure 108.
[0082] FIG. 11 shows a flow chart describing a direct
measure for artifact detection utilizing the amplitude of
the EEG signal. An EEG signal 110 is obtained enters
the processor 8a, 25 which then directly measures the
amplitudes of the EEG signal 111. The maximum ampli-
tude (A) contained within the EEG signal is then used to
determine the probability that an artifact is present 112
in the given EEG signal. The weight that was determined
for this measure during the optimization process is then
assigned to the value of the A measure 113.
[0083] FIG. 12 shows a flow chart describing the proc-
ess of detecting artifacts using an artifact index (AI) which
is designed to track changes from rapid eye blinks to
delta activity in EEG signals during induction of anesthe-
sia. An EEG signal 120 is utilized to compute two different
measures that are in turn used to calculate the artifact
index (AI). First, the absolute differences between lag-
ging EEG values are determined 121 and used to calcu-
late the measure r1. For the second measure, r2, a band-
pass filter is applied to the EEG signal 122, and then ratio
of spectral powers of this filtered EEG signal in specified
frequency bands (not shown) is computed 123. The two
measures, r1 and r2, are used to calculate the artifact
index (AI) 124. The weight that was determined for this
measure during the optimization process is then as-
signed to the value of the AI measure 125.
[0084] FIG. 13 shows a flowchart of the artifact detec-
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tion process utilized within the present invention for the
purposes of discovering artifacts from muscle move-
ments. An EEG signal 130 is captured and a band-pass
filter 131 is applied to the signal. This filtered signal is
then broken up into individual, non-overlapping sub-seg-
ments 132. The subsampled EEG epoch is then used to
compute the muscle artifact measure, G 133, which is
aimed at detecting high-frequency EEG activity which
tends to indicate muscle movement artifacts within the
EEG signal. The weight that was determined for this
measure during the optimization process is then as-
signed to the value of the G measure 134.

Claims

1. A method of detecting or removing artifacts in a phys-
iological signal comprising acquiring a physiological
signal from a subject and analyzing the physiological
signal with a processor, characterized by
analyzing the physiological signal at substantially the
same time as the signal is acquired with at least two
separate measures, the at least two separate meas-
ures at least providing probabilities of a presence
and an absence of artifacts in the physiological sig-
nal; and combining the at least two separate meas-
ures of the probabilities of the presence and the ab-
sence of artifacts to detect or remove the artefacts.

2. The method of claim 1, further characterized by the
steps of instructing a subject to perform an artifact
generating routine while acquiring a reference phys-
iological signal from the subject; and training an ar-
tifact detector using the reference physiological sig-
nal prior to acquiring the physiological signal.

3. The method of claim 1, further characterized by the
step of training an artifact detector using data from
a reference subject(s) using known artifacts prior to
acquiring the physiological signal.

4. The method of claims 1, 2 or 3, wherein the combined
at least two separate measures are combined to re-
move artifacts from the signal either by removing the
artifact from the underlying physiological signal, or
by removing from analysis the portion of the signal
that contains the artifact.

5. The method of claim 4, wherein the physiological
signal is an electroencephalogram (EEG) signal and
the method is used with an anesthesia monitor and
includes the step of analyzing an EEG signal con-
taining the detected or removed artifacts using a cor-
tical activity measure.

6. The method of claim 5, further characterized by the
step of outputting, with the processor, a signal based
at least in part on the cortical activity measure to a

device for communicating the outputted signal to a
clinician monitoring the patient under anesthesia.

7. The method of claim 5, further characterized by the
step of outputting, with the processor, a signal based
at least in part on the cortical activity measure to a
closed-loop drug delivery device for controlling the
patient’s level of anesthesia.

8. The method of claim 1, 2 or 3, wherein the physio-
logical signal is acquired from the subject using a
pulse oximeter.

9. The method of claim 1, 2 or 3, wherein at least six
separate measures are used to analyze the physio-
logical signal, at least three being used to detect true
artifacts and at least three being used to detect false
artifacts in the signal.

Patentansprüche

1. Verfahren zum Detektieren oder Entfernen von Ar-
tefakten in einem physiologischen Signal, umfas-
send ein physiologisches Signal von einem Subjekt
zu erfassen und das physiologische Signal mit einem
Prozessor zu analysieren, gekennzeichnet durch
Analyse des physiologischen Signals fast gleichzei-
tig mit der Erfassung des Signals, und zwar durch
mindestens zwei getrennte Maßnahmen, wobei die
mindestens zwei getrennten Maßnahmen mindes-
tens die Wahrscheinlichkeit des Vorkommens und
der Abwesenheit von Artefakten in dem physiologi-
schen Signal ermitteln, und die Kombination der min-
destens zwei getrennten Maßnahmen, um die Wahr-
scheinlichkeit des Vorkommens und der Abwesen-
heit von Artefakten zu ermitteln, um die Artefakte zu
detektieren oder zu entfernen.

2. Verfahren nach Anspruch 1, weiter gekennzeichnet
durch die Schritte, ein Subjekt zu unterweisen, eine
Artefakte erzeugende Routine auszuführen, wäh-
rend ein beispielhaftes physiologisches Signal von
dem Subjekt erfasst wird, und Training eines Arte-
faktdetektors unter Verwendung des beispielhaften
physiologischen Signals vor der Erfassung des phy-
siologischen Signals.

3. Verfahren nach Anspruch 1, weiter gekennzeichnet
durch den Schritt des Trainings eines Artefaktde-
tektors unter Verwendung von Daten eines beispiel-
haften Subjekts/beispielhaften Subjekten unter Ver-
wendung von bekannten Artefakten vor der Erfas-
sung des physiologischen Signals.

4. Verfahren nach den Ansprüchen 1, 2 oder 3, wobei
die kombinierten mindestens zwei getrennten
Maßnahmen kombiniert werden, um Artefakte aus
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dem Signal zu entfernen, und zwar entweder durch
Entfernen des Artefakts aus dem zugrundliegenden
physiologischen Signals oder durch Entfernen des
Teils des Signals aus der Analyse, der das Artefakt
enthält.

5. Verfahren nach Anspruch 4, wobei das physiologi-
sche Signal ein Elektroenzephalogramm (EEG)-Si-
gnal ist und das Verfahren mit einem Anästhesiemo-
nitor verwendet wird und den Schritt umfasst, ein
EEG-Signal, das die detektierten oder entfernten Ar-
tefakte enthält zu analysieren, unter Verwendung ei-
ner kortikalen Aktivitätsmessung.

6. Verfahren nach Anspruch 5, weiter gekennzeichnet
durch den Schritt der Ausgabe eines Signals mit
dem Prozessor, das zumindest teilweise auf der kor-
tikalen Aktivitätsmessung basiert, an ein Gerät, um
das ausgegebene Signal an einen Arzt weiterzulei-
ten, der den Patienten unter Anästhesie bewacht.

7. Verfahren nach Anspruch 5, weiter gekennzeichnet
durch den Schritt der Ausgabe eines Signals mit
dem Prozessor, das zumindest teilweise auf der kor-
tikalen Aktivitätsmessung basiert, an ein Arzneimit-
telabgabegerät mit geschlossenem Kreislauf, um
das Anästhesieniveau des Patienten zu überwa-
chen.

8. Verfahren nach den Ansprüchen 1, 2 oder 3, wobei
das physiologische Signal von dem Patienten unter
Verwendung eines Pulsoximeters erfasst wird.

9. Verfahren nach den Ansprüchen 1, 2 oder 3, wobei
mindestens sechs getrennte Maßnahmen verwen-
det werden, um das physiologische Signal zu ana-
lysieren, mindestens drei davon, um wahre Artefakte
in dem Signal zu detektieren, und mindestens drei
davon, um falsche Artefakte in dem Signal zu detek-
tieren.

Revendications

1. Méthode pour la détection ou enlèvement d’artéfacts
dans un signal physiologique comprenant l’acquisi-
tion d’un signal physiologique d’un sujet et l’analyse
du signal physiologique avec un processeur,
caractérisée par
l’analyse du signal physiologique substantiellement
au même moment que le signal est acquis avec au
moins deux mesures distinctes, les au moins deux
mesures distinctes fournissant au moins des proba-
bilités d’une présence et une absence d’artéfacts
dans le signal physiologique; et la combinaison des
au moins deux mesures distinctes des probabilités
de la présence et l’absence d’artéfacts pour détecter
ou enlever les artéfacts.

2. Méthode de la revendication 1, caractérisée en
outre par les étapes de donner l’instruction à un
sujet d’effectuer une routine génératrice d’artéfact
tout en acquérant un signal physiologique de réfé-
rence du sujet; et l’entrainement d’un détecteur d’ar-
téfact utilisant le signal physiologique de référence
avant d’acquérir le signal physiologique.

3. Méthode de la revendication 1, caractérisée en
outre par l’étape d’entrainement d’un détecteur d’ar-
téfact utilisant des données d’un ou plusieurs sujet(s)
de référence utilisant des artéfacts connus avant
d’acquérir le signal physiologique.

4. Méthode des revendications 1, 2 ou 3, où les au
moins deux mesures distinctes combinées sont
combinées pour enlever des artéfacts du signal soit
en enlevant l’artéfact du signal physiologique sous-
jacent, soit en enlevant de l’analyse la partie du si-
gnal qui contient l’artéfact.

5. Méthode de la revendication 4, où le signal physio-
logique est un signal d’électroencéphalogramme
(EEG) et la méthode est utilisée avec un moniteur
d’anesthésie et comprend l’étape d’analyser un si-
gnal d’EEG contenant les artéfacts détectés ou en-
levés utilisant une mesure d’activité corticale.

6. Méthode de la revendication 5, caractérisée en
outre par l’étape d’émettre, avec le processeur, un
signal basé au moins en partie sur la mesure d’ac-
tivité corticale à un dispositif pour communiquer le
signal émis à un clinicien qui surveille le patient sous
anesthésie.

7. Méthode de la revendication 5, caractérisée en
outre par l’étape d’émettre, avec le processeur, un
signal basé au moins en partie sur la mesure d’ac-
tivité corticale à un dispositif d’administration de mé-
dicaments en boucle fermée pour contrôler le niveau
d’anesthésie du patient.

8. Méthode de la revendication 1, 2 ou 3, où le signal
physiologique est acquis du sujet utilisant un oxy-
mètre de pouls.

9. Méthode de la revendication 1, 2 ou 3, où au moins
six mesures distinctes sont utilisées pour analyser
le signal physiologique, au moins trois étant utilisées
pour détecter des artéfacts réels et au moins trois
étant utilisées pour détecter des artéfacts faux dans
le signal.

25 26 



EP 2 575 608 B1

15



EP 2 575 608 B1

16



EP 2 575 608 B1

17



EP 2 575 608 B1

18



EP 2 575 608 B1

19



EP 2 575 608 B1

20



EP 2 575 608 B1

21



EP 2 575 608 B1

22



EP 2 575 608 B1

23



EP 2 575 608 B1

24



EP 2 575 608 B1

25



EP 2 575 608 B1

26



EP 2 575 608 B1

27



EP 2 575 608 B1

28

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 61348114 A [0002]
• WO 2003000128 A [0011]
• US 20080234973 A [0012]

• US 6317627 B [0012]
• US 7032301 B [0036]

Non-patent literature cited in the description

• SHU-YUN SHAO et al. Automatic identification and
removal of artefacts in EEG using a probabilistic mul-
ti-class approach with error correction. IEEE Interna-
tional Conference, October 2008 [0012]


	bibliography
	description
	claims
	drawings
	cited references

