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Description

TECHNICAL FIELD

[0001] The invention relates generally to an apparatus
and method for monitoring electroencephalography
(EEG) activity for use in biofeedback training.

BACKGROUND ART

[0002] The invention is an improvement and extension
of the EEG Biofeedback Method and System for Training
Voluntary Control of Human EEG Activity as set forth in
US Pat. No. 4,928,704. Biofeedback information can be
used to foster rapid learning of self-control using electro-
encephalography (EEG). The invention covered in the
’704 patent encompasses an EEG biofeedback appara-
tus for providing simultaneous, minimal phase delay
feedback on multiple sub-bands of EEG filtered out of
multiple independent EEG channels.
[0003] The most common purpose of biofeedback in
general, and EEG biofeedback in particular, is to permit
an individual to use the feedback information to learn a
useful degree of voluntary self-control of a specific bio-
feedback parameter. Each of the major sub-bands of the
EEG (alpha, beta, delta, gamma, theta) has unique bio-
electric characteristics which correspond with unique
subjective characteristics within the experience of the in-
dividual. Alpha is associated with a variety of wakeful
states involving creativity, calming of the mind, and inner
focus of awareness, beta is associated with alert wakeful
situations with external focus as well as with stress and
anxiety, delta is associated most clearly with coma and
deep sleep, and theta is associated with light sleep and
drowsiness. Gamma have not received as much atten-
tion from researchers but is associated with precognition
and high-level information processing. Recently Bud-
dhist meditators practicing "compassion meditation"
showed big increases in Gamma EEG activity that were
positively correlated with the number of 1,000s of hours
of practice of this compassion meditation.
[0004] The use of simultaneous, minimal phase delay
EEG biofeedback has been found to increase the likeli-
hood of psychological benefits to trainees including en-
hanced serenity, deeper understandings, and relief from
anxiety and depression. However, some trainees do not
have much naturally-occurring activity (e.g., low ampli-
tude and low abundance) in a particular brain wave band
such as alpha or theta. This situation can present an im-
pediment to the rate of improvement of self control ex-
perienced by such trainees. There is a need for a method
that can enhance the biofeedback provided by the EEG
biofeedback system in a way that instantaneously follows
the brain’s naturally-occurring frequencies of peak ener-
gy in a desired band or sub-band and that does not im-
pose a peak energy at a non-naturally-occurring frequen-
cy. In addition, most trainees using prior art biofeedback
systems benefit most when they focus attention on the

one or two channels with the greatest amplitudes. In this
context, the other weaker channels tend to follow along
and do better than if the trainee has focused attention
during the neurofeedback only on the weaker channels.
Thus, there is also a need for a way to facilitate the ability
for trainees to boost activity in weaker channels in a man-
ner that avoids unnatural entrainment of brain wave fre-
quency.
[0005] US 2006/116598 is directed to a method and
apparatus for balancing the left and right sides of the
brain using binaural beats. It discloses an EEG system
to measure the left and right brain electrical signals and
generates a binaural beat to compensate for the unbal-
anced EEG frequencies.
[0006] US 4928704 describes a biofeedback method
and system which processes a plurality of EEG potentials
to provide objective data on brain energies as a function
of frequency.
[0007] US 5036858 concerns a method for controlling
brain wave frequencies. The method and system deter-
mines a current brain wave frequency of a user, and gen-
erates two frequencies in which the magnitude differs the
same as the current frequency and a desired one. An
output corresponding to the two frequencies is output.

DISCLOSURE OF INVENTION

[0008] A primary benefit of the invention is that it facil-
itates learning self-control of one’s own EEG activity
through EEG biofeedback and by binaural-beat en-
hanced EEG biofeedback. It thus helps and enables
trainees to learn control over their mental and emotional
and spiritual subjective states and their underlying phys-
iological states of their brain activity. The goal of such
self-control is not confined to obtaining control of the
measurable EEG parameters, but goes well beyond that
to obtaining self-control of the mental and emotional and
spiritual subjective states associated with the objectively
measurable EEG sub-bands and sub-ranges.
[0009] The improvement and extension to the biofeed-
back system described in US Pat. No. 4,928,704 is to
incorporate binaural beat technology to augment the
EEG feedback provided to the trainee. Specifically, the
system will provide binaural beats at the frequency of the
brain’s naturally occurring peak energy in the EEG band
or bands subject to the biofeedback. This frequency of
peak energy changes dynamically and rapidly in the
brains of most people so that the frequency at which the
peak amplitude occurs in one instant may not be the fre-
quency at which the peak amplitude occurs in the next
instant. For example, alpha at 11 cycles per second could
slow, within one cycle to become alpha at 8 cycles per
second. This provision of binaural-beat augmented EEG
feedback can be done for brain waves of any brain fre-
quency band or range such as delta, theta, alpha, beta,
or gamma. For example, the frequency range of alpha is
8-13 cycles per second and a person’s alpha activity
could be anywhere in that range. A person’s alpha is not
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fixed at a stable frequency, and the frequency drifts and
sometimes shifts suddenly, slowing and then speeding
up again. In this invention, the EEG activity is analyzed
to make a nearly instantaneous determination of the fre-
quency at which the peak energy in the chosen feedback
band, say for example the alpha band, is occurring. Any
means suitable for analysis of the EEG signals could be
used to determine this frequency of the instantaneous
peak energy, examples include Fast Fourier Transforms
(FFTs) or very narrow band digital filtering. As soon as
the frequency having the maximum energy is deter-
mined, that frequency is used to determine the details of
the binaural beat enhancement for augmenting the EEG
biofeedback that is currently being provided to the train-
ee.
[0010] This EEG biofeedback system comprises either
one or a pair of reference electrodes, a suitable ground
electrode, and a plurality (number = N) of active cortical
site electrodes that are placed on the head of a trainee
(or client or Subject) with output signals directed to an
equal number (N) of EEG amplifiers. The output of each
of the active cortical site electrodes is filtered into sub-
bands or sub-ranges of the EEG. The filtered signals can
be converted into aural, visual, or tactile response indicia
and supplied in real time to the trainee to allow the trainee
to respond instantaneously to biofeedback signals. The
system contemplates that at least 16 frequency sub-
bands may be established: (1) slow delta, (2) fast delta,
(3) broad band delta, (4)slow theta, (5) fast theta, (6)
broad band theta, (7) slow alpha, (8) middle alpha, (9)
fast alpha, (10) broad band alpha, (11) slow beta, (12)
fast beta, (13) broad band beta, (14) slow gamma, (15)
fast gamma, (16) broad band gamma. Frequency-do-
main filtering is accurately effected by the system with
minimal delay and with great accuracy and precision, and
additional narrower filter bands can be established to give
finer resolution in the frequency domain. It is also possible
to do Fast Fourier Transforms (FFTs) with very fine fre-
quency resolution to give information on precisely which
frequency within a band of interest (delta, theta, alpha,
beta, or gamma) has the peak amplitude or peak energy
at any given moment of time.
[0011] Whenever the frequency of the peak energy in
the alpha (or other band or bands of interest) changes,
then that new frequency is detected, analyzed, and used
to determine the frequency that would receive binaural
beat augmentation of the EEG feedback training current-
ly underway. It is also possible to use the binaural beat
enhanced EEG feedback to augment frequencies other
than that frequency at which the peak energy is occurring
instantaneously. It may be that after some measurement
period (a baseline) with or without EEG feedback, that a
frequency can be identified, within the EEG band of in-
terest, which, over time, has the greatest average energy
or amplitude. This frequency could then be selected as
the frequency to receive binaural beat enhancement to
the neurofeedback process. In addition to this alternative
method of determining the frequency to receive binaural

beat enhancement to the biofeedback process there can
also be other useful methods employed, such as select-
ing the frequency with the lowest detectable amount of
energy or amplitude. This could be either the lowest av-
erage energy or the lowest detectable energy at any giv-
en moment. Statistical analysis of the energy distribution
across the frequency band or range of interest could also
be used to select frequencies for use in binaural beat
augmentation of biofeedback, and these could include,
but not be limited to, the centroid of the frequency x am-
plitude diagram, or the mean of, or the median of ob-
served frequencies that are then weighted, or not, by
amplitude, energy, or temporal abundance.
[0012] The process of binaural beat EEG entrainment
occurs when two carrier tones of nearly identical frequen-
cies are presented, one to each ear, and the brain detects
a frequency difference between these two tones. When
the two carrier tones are fed to a person via stereo head-
phones (or less ideally speakers very close to each ear),
the brain will process the two signals and produce the
sensation of a third sound called a binaural beat, which
has a frequency equal to the difference in frequency be-
tween the two carrier tones. For example, a 300 Hz tone
in one ear and a 310 Hz tone in the other ear produces
a binaural beat at 10 Hz. Binaural beats can be detected
by humans when the carrier tones are below approxi-
mately 1,000 cycles per second and can be readily gen-
erated at the low frequencies characteristic of the EEG
spectrum (e.g., less than 100 cycles per second).
[0013] Binaural beating has been associated with an
EEG frequency entrainment response in the brain where
its period of a particular brain wave will correspond to the
fundamental frequency of the stimulus. In other words,
providing carrier tones to induce the perception of bin-
aural beating can result in entrainment in which brain
wave activity is driven toward a predetermined state, i.e.
the frequency at which the binaural beat is occurring.
Thus, providing binaural beat frequencies to the brain
can be a form of external control that can stimulate the
production of brain waves that are not naturally occurring
in the brain or at least not in that brain at that time. There
might be some contraindications to doing this as may be
suggested by Vivekananda in his 1931 book Raja Yoga.
In this book Vivekananda writes "... it is better for a race
to remain wicked than to be made artificially good through
the morbid imposition of external control." (p. xx). Thus
there may be ethical issues related to entrainment of
brain wave activity, which would seem to be a form of
"external control." However, by filtering the EEG signal
to determine the frequency at which the person’s the peak
energy is occurring at each moment, the binaural beat
frequency can be tailored to precisely follow, moment-
by-moment, the brain’s naturally occurring frequencies
of peak energy, or other brain wave frequencies that exist
within the brain, and thus can be used to enhance the
biofeedback provided by the EEG biofeedback system.
When used in this form, the augmentation provided by
the binaural beat frequencies will not induce the produc-
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tion of brain waves that are not naturally occurring. This
could thus be a more ethical (and a more effective) use
of binaural beat technology in that it would be binaural
beat augmented neurofeedback that may effectively
avoid some of the issues of the type of interventions that
Vivekananda warns against. All of the augmentation of
EEG activity produced by the binaural beat process will
be of EEG activity that is naturally occurring in the brain
at that moment, or has occurred recently with detectable
amplitudes. Indeed, the EEG activity that is being aug-
mented by binaural beats in the preferred implementation
is that EEG activity that is in each moment, the EEG
activity of peak energy. This binaural beat methodology
could be seen as more organic and more in harmony with
the natural ecology of the brain’s own naturally-occurring
frequency patterns. This could mean that the binaural
beat influence would be more effective, since the fre-
quency(ies) being augmented by the binaural beat com-
ponent of this invention is/are already a naturally occur-
ring brain wave frequency or set of frequencies. It is eas-
ier for the brain to make more of some frequency(ies)
that it is already producing than to start from scratch and
to begin to make some frequency(ies) that is it not yet
producing. This binaural-beat-augmented EEG feed-
back system enables the trainee to enhance the produc-
tion of the desired and targeted brain wave activity by
two processes simultaneously. The one process is the
natural process of the brain responding to EEG feedback
signals in one or more sensory modalities with the brain
then increasing the amplitude and temporal abundance
of the desired and targeted EEG frequency(ies), and the
second process is the binaural beat augmentation of
brain activity that occurs at the EEG frequency that is
tracked and matched, in each moment, by the frequency
or frequencies of the binaural beats. And the binaural
beat frequencies are given only at the selected naturally
occurring frequencies of the brain, such as, for example,
the naturally occurring brain frequencies which have the
peak energy in every moment. Binaural beat augmented
biofeedback can thus be useful in various applications
including those in which people who do not have much
naturally-occurring activity (e.g. low amplitude and low
abundance) in a particular brain wave band such as alpha
or theta, and in teaching people with very large ampli-
tudes of desirable brain wave patterns to develop even
larger amplitudes and greater abundances of their most
desirable brain wave patterns.
[0014] The preferred means of providing binaural-
beat-augmented EEG biofeedback is by producing two
tones in the respective sides of a set of stereo head-
phones worn by a trainee. However, any arrangement in
which a speaker is located close to each ear could be
used. The main feedback tone for the auditory EEG bi-
ofeedback at a given head site or set of head sites would
be one of the two tones that would be provided to one
side of the stereo headset. This main tone is amplitude
modulated to track the envelope of the EEG activity,
which is the target or the trainee of the EEG feedback.

On one side only of the stereo headset, this main feed-
back tone would be suitably amplitude modulated to pro-
portionally track the envelope of one of the types of fil-
tered EEG activity that is the training target of the EEG
feedback. The frequency of the tone would be ideally
under 1,000 Hz. The other tone that would provide the
second frequency needed to provide the binaural beat
entrainment of the trainee’s peak alpha frequency (or oth-
er frequency of choice), would be delivered only to the
other side of the stereo headset and it can be of a much
lower volume and it need not be related to the amplitude
of the ongoing EEG activity. This second tone could be
quite unobtrusive (very quiet) and yet still participate ef-
fectively in the entrainment of the person’s frequency of
peak amplitude or other some other frequency of a de-
sired brain wave pattern. In general, a loud secondary
tone will not aid in the perception by the trainee and can
become a major distraction from the main feedback tone.
Although there are no technical difficulties associated
with having the secondary tone loud or louder than the
primary tone, such a scenario could detract from the bi-
ofeedback process because the secondary tone is not
involved in the EEG amplitude and/or EEG frequency
variations that are the core of the neurofeedback process
as contemplated by the preferred embodiment. Also if
the secondary tone were too loud, then its frequency var-
iations might become noticeable and become annoying,
in an analogous manner to a musical piece that had one
instrument that slides into being sharp and then flat and
then sharp and the flat more or less continually.
[0015] This process of binaural-beat-augmented EEG
feedback could be done on just one of the EEG channels
(and thus just one of one set of the head sites) of the
EEG feedback process and that channel could be the
channel with the greatest amplitude or the lowest ampli-
tude or any other channel or combinations of channels
of interest. The process could also be done on a plurality
of channels simultaneously, since the EEG biofeedback
system can function using multiple independent chan-
nels simultaneously. The EEG biofeedback system can
also be productively used to boost the weakest one or
two channels of a multi-channel montage. When used in
this manner, strategies of training can be selected that
are related to the initial ranking of the amplitudes of each
channel and thus facilitate emphasis on working with the
channels having largest or the smallest amplitude. How-
ever, the present invention would also make it possible
to select intermediate channels based on predetermined
parameters such as rate of brain wave amplitude and/or
frequency fluctuation, and the like. Note that while the
EEG biofeedback system encompasses the ability to si-
multaneously monitor and to provide EEG feedback on
multiple channels, the binaural beat augmentation con-
templated by this improvement could also be used in a
single channel device and that this invention encompass-
es both single-channel and multiple channel embodi-
ments.
[0016] In the preferred embodiment of the system, the
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main feedback tone is set at a specific tone frequency
and then the brain wave frequency is monitored and proc-
essed to determine the frequency of the secondary tone
such that the difference between the main and secondary
tone frequencies equals, in one preferred embodiment,
the brain wave frequency of peak energy at each mo-
ment. The user perceives a main tone (the feedback tone)
to be of constant frequency and the volume of the main
(feedback) tone varies depending on the amplitude of
the brain wave within the selected frequency band, i.e.,
the entire alpha band or some sub-band within the alpha
band. However, other embodiments can be practiced
such as having the frequency of the main tone be deter-
mined by brain wave frequency such that the frequency
of the main tone shifts concurrently with a shift in the
brain wave frequency. This would produce a different per-
ception by the user but could nonetheless be used as a
means of providing feedback. Many people have ob-
served that varying the pitch of the main biofeedback
tone is highly distracting and unpleasant. Noticeable fre-
quency changes tend to cause hyper-alerting responses
which are incompatible with the calming and steadying
of the arousal level that is the most common objective of
EEG biofeedback training. However, the ability to provide
biofeedback in modes in which the frequency of the main
tone shifts could be desirable in certain situations such
as behavioral research and is thus encompassed by the
invention.
[0017] Similarly, the system could be keyed off of some
fraction of a brain wave band or sub-band other than the
part associated with the peak energy. For example, the
average or median energy could be used. While the pre-
ferred embodiment is based on selection based on the
peak energy to avoid substantial interference with the
naturally-established brain wave patterns of trainees,
other embodiments could make selections based on non-
peak energy levels albeit with some possible risk to the
trainee caused by disruption to their normal, pre-existing
brain wave patterns.
[0018] It should also be noted that the signals used to
determine the tones that are used to produce the audio
feedback of the EEG activity can also be processed elec-
tronically to provide feedback in forms in addition to au-
dio. For example, the signals could be processed to pro-
duce a visual stimulus or graphic reflecting the biofeed-
back or to produce a tactile output through means such
as a vibration device. Such variations could be used
alone or in conjunction with the audio feedback tones to
motivate and accelerate learning of EEG self-regulation
and self-control.
[0019] The method of using the system is readily dis-
cernable from the description above and is defined by
claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

FIG. 1 is a diagram showing the trainee and the bi-
ofeedback apparatus..
FIG. 2 is a block diagram showing the method ac-
cording to the preferred embodiment of the present
invention.

MODES FOR CARRYING OUT THE INVENTION

[0021] The preferred embodiment is directed at a
method of using binaural beat enhanced biofeedback to
assist a trainee in focusing on the frequency in which the
peak energy of a selected band, such as alpha, is natu-
rally occurring. However, the preferred embodiment also
provides means of providing biofeedback to a trainee with
respect to other ranges of brainwave frequencies.
[0022] Referring to FIG. 1, The trainee 1 is connected
to provide input to the apparatus 2 through EEG leads
21 and to receive audio output from the apparatus 2
through stereo headphones 28. On the head of the train-
ee 1 are mounted a plurality of EEG leads 21 including
a pair of reference electrodes attached to the ear lobes,
a suitable ground electrode, and a plurality of active cor-
tical site electrodes mounted in lateral pairs and used in
monopolar configuration. The output signals directed to
an equal number of EEG amplifiers in an EEG amplifier
bank 22. The output of each of the active cortical site
electrodes is amplified and filtered into sub-bands or sub-
ranges of the EEG in a corresponding number of multiple
channel filter banks 23, and thereafter through a multi-
plexer 24 to a analog-to-digital converter 25. It is pre-
ferred to use high input impedance, low noise, low drift
operational amplifiers, low current drain amplifiers to per-
mit optional use with battery power sources. Elimination
of line voltage power increases common mode rejection
by eliminating all coupling to the 60 Hz AC line. In the
preferred embodiment, the EEG amplifier bank 23 con-
tains analog bandpass filters in sets of eight. The band-
pass filters according to the invention may be active and
are characterized by an elliptical response with 300- 400
dB per octave rolloff at the skirts, 0.25 dB ripple in the
pass-band and at least 50 dB rejection in the stop band.
The filters have a pass-band of only a few Hertz. The
filter sets spectrally decompose the EEG signals through
its input from an electrode into a plurality of sub-bands.
The sub-bands may be chosen according to the training
level of the trainee and object of the training. In the pre-
ferred embodiment, the filters are configured to select
the specific sub-bands: delta (2.0-3.5 Hz), slow theta
(4.2-5.4 Hz), fast theta (5.5-6.8 Hz), slow alpha (7.5-8.8
Hz), broadband alpha (7.7-12.6 Hz), fast alpha
(10.8-12.9 Hz), slow beta (14.2-17.2 Hz), and broadband
beta (1 5.0-24.0 Hz). Alternative bands or sub-bands may
be designated, such as broadband theta (4.0-6.7 Hz),
middle alpha (8.9-10.7 Hz), and fast beta (17.3-24.0 Hz).
Under selected conditions, only a few of the sub-bands
are processed and made available as feedback signals.
The outputs of each filter set may be made available as
(a) filtered EEG, (b) filtered, full-wave rectified EEG, and
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(c) filtered, full-wave rectified and smoothed EEG. The
outputs are fed into a multiple-channel multiplexer 24.
The multiplexer 24 in turn directs the signals as analog
samples to the 12-bit analog-to-digital converter 25. In
this embodiment, a microcomputer 26 is provided for re-
al-time processing of the output digital samples although
such processing could alternatively be done by a main-
frame computer or one or more dedicated microproces-
sors. Note that the microcomputer 26 encompasses the
typical devices associated with microcomputers such as
a keyboard and mouse input devices, one or more mon-
itors, one or more printers, memory, and a central
processing unit. The microcomputer 26 serves a variety
of control and data recording functions and the periph-
erals provide conventional input and output functions in
support of the control and analysis functions of the mi-
crocomputer 26. One such function of the microcomputer
26 is to evaluate the digital signals to determine the am-
plitude of the peak energy within the selected band or
sub-band and the frequency at which that peak energy
occurs. Digital processing software such as those using
a fast Fourier transform (FFT) algorithm can be run on
the microcomputer 26 to implement this function. The
peak energy frequency is used to set the frequency of
the binaural beat enhancement of the neurofeedback.
As the frequency changes, it becomes the new frequency
used to set binaural beat enhancement.
[0023] The microcomputer sends a signal representa-
tive of the amplitude and frequency of the peak energy
within the desired band or sub-band to a tone synthesizer
27. The purpose of the tone synthesizer 27 is to create
two signals via two channels, one of which is sent to
speaker 31 and the other which is sent to speaker 32.
Preferably, these speakers are mounted in stereo head-
phones 28 that are worn by the trainee 1. In the preferred
embodiment, the tone synthesizer 27 generates a signal
in the first channel that is set a constant frequency and
whose amplitude varies in proportion to the peak energy
occurring within the desired band or sub-band. The tone
synthesizer 27 simultaneously generates a signal in the
second channel at a constant amplitude which is set sub-
stantially lower than the amplitude of the signal in the first
channel and at a frequency which is lower than the fre-
quency of the signal of the first channel by the frequency
at the which the peak energy is occurring within the de-
sired band or sub-band. For example, consider a trainee
session at which the signal generated in the first channel
of the tone synthesizer corresponds to 450 Hz. If the de-
sired band monitored in the trainee 1 is broadband alpha
(7.7-12.6 Hz), and frequency of the peak energy at one
moment in time is measured to be 10 Hz, the signal in
the second channel would be generated to correspond
to a frequency of 440 Hz (i.e., 450 Hz - 10 Hz). If the
frequency of the peak energy at a short time later is meas-
ured at 12 Hz, the signal in the second channel would be
generated to correspond to a frequency 438 Hz. (i.e., 450
Hz - 12 Hz). The tone synthesizer can encompass any
of the well-established means of operation including an-

alog, digital, software-based, and hybrids thereof.
[0024] Tones are the principal mechanism for real-time
feedback employed for EEG training in accordance with
the invention. Tones as perceived at the speakers 31 and
32 must be maintained at substantial volume and dura-
tion for rapid learning of self control by the trainee. Tone
quality is also critical to learning control. For example,
tone onset causes blocking (abolition or diminution) of
EEG alpha as a nonlinear function of tone frequency.
Blocking duration is minimal between about 400 Hz and
800 Hz and that above and below these frequencies,
blocking duration rises rapidly. If tone onset occurs in
response (feedback) to alpha onset and if tone onset
causes alpha blocking, then the result is negative feed-
back and is thus unlikely to promote learning of alpha
EEG control. According to the invention therefore, the
tones are chosen to lie only between about 400 Hz and
800 Hz for alpha training. According to the invention
therefore, the tones are chosen to lie only between about
400 Hz and 800 Hz for alpha and beta training. In theta
training, however, a principal problem is drowsiness with
the trainee falling asleep, so a higher pitched more pierc-
ing tone is appropriate for theta training. This also allows
non-overlap between the alpha tones (about 400-800 Hz)
and theta feedback tones (above about 800 Hz).
[0025] The waveform of the tone is also important to
learning. It is easy to generate square waves and saw-
tooth waves electronically, but they have an unpleasant
quality with abundant harmonics generated at the leading
and trailing edges. Square waves are difficult to listen to
at the high volume and for the long periods of time which
are important for successful and rapid learning of EEG
self control. Preferably one should use: (a) pure sine
waves generated electronically and amplitude modulat-
ed or (b) pure notes representing the tones made by a
trainee’s preferred musical instrument. The essential
purpose here is to have the tones pleasing to listen to for
long periods of time at loud and varying volumes, with a
selection of tone frequencies designed to prevent or min-
imize negative feedback (reduction of EEG signal to tone
onset).
[0026] The amplitude of the tone feedback should be
linearly related to the amplitude of the instantaneous fil-
tered EEG. The dynamic range of the system must be
capable of reflecting the full range of EEG variations.
However, this linear relationship does not mean that tone
volume should go to zero when the feedback signal goes
to zero amplitude. It is disruptive to learning to have the
feedback tones shut off completely and then turned on,
possibly suddenly. As a result there should be an audio
offset, in which the volume of the tone generated from
the first channel of the tone synthesizer 27 is never less
than the volume of the tone generated in the second
channel of the tone synthesizer 27. This continuity of
sound facilitates learning and minimizes the disrupting
effects of tone onset.
[0027] It is highly desirable to minimize the delay be-
tween the sensing of an EEG event and the presentation
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of that event to the trainee in the form of a tone. According
to the invention, the feedback delay should be less than
about 350 ms and preferably less than 200 ms to optimize
feedback training. In the preferred embodiment the feed-
back delay is less than 100 ms, which is less than one
alpha wave cycle.
[0028] Referring to FIG. 2, a preferred embodiment of
the method according to the invention is presented. The
method implements a training regimen to enable an in-
dividual to train for increased amplitude of EEG at the
naturally-occurring peak energy of a desired band or sub-
band.
[0029] First, the array of EEG leads is emplaced at the
selected cortical sites of the trainee (Step A). There is
provided a ground and two references, as well as care-
fully-sited active electrodes, typically placed in laterally-
symmetric pairs in order to sense surface brain potentials
representative of brainwave signals to be subjected to
training. The trainee is then placed in the training cham-
ber used for feedback training, preferably darkened
sound-proof room with a comfortable chair, and the elec-
trodes are connected to the EEG apparatus and the ster-
eo headphones are placed over the trainee’s ears. (Step
B).
[0030] Baseline testing is then generally conducted.
An "eyes open" baseline is then run which is designed
to reveal the trainee’s minimal alpha levels and to allow
the operator to check out and calibrate all instruments.
(Step C). The "eyes open" baseline run is generally in
the presence of bright light and with a steady background
tone in both speakers set to the frequency of tone that
will be created in the first channel of the tone synthesizer.
During the run, the trainee is instructed to focus on a
specific object in the field of view. If desired, adjustments
can be made to the volume of the tones in order to make
the training comfortable for the trainee. The data is col-
lected with respect to the amplitude and energy frequen-
cies of the brainwave activity and stored into the memory
of the microcomputer. An "eyes closed" baseline is then
run to determine the nature of brainwave activity in the
absence of conventional stimuli (Step D). This is con-
ducted in darkness with a steady background tone in both
speakers set to the frequency of tone that will be created
in the first channel of the tone synthesizer. The data is
collected with respect to the amplitude and energy fre-
quencies of the brainwave activity and stored into the
memory of the microcomputer. A "white noise" baseline
is then run in preparation for the actual training sessions
or epochs (Step E). The white noise run is used to con-
dition the trainee to attend to an auditory signal while
allowing the mind to relax without loss of recollection abil-
ity. White or quasi-white Gaussian noise is provided by
speakers of the stereo headphones. Data is collected
with respect to the amplitude and energy frequencies of
the brainwave activity and stored into the memory of the
microcomputer.
[0031] The training session consists of two segments
that may be repeated several times. The biofeedback

segment is conducted for a period of about 120 seconds
(Step F). A break segment of about eight seconds occurs
after each biofeedback segment (Step G). The standard
biofeedback segment consists of feedback of tones into
the stereo headphones. As described previously, the
tone from one speaker is set at a constant frequency
within the range of 400-800 Hz and the volume varies in
proportion to the amplitude of the brain waves being mon-
itored within the selected frequency band. The tone from
the other speaker is set at a constant volume much lower
that the volume levels of the first speaker and is set at a
frequency which is lower than the frequency of the signal
of the first channel by the frequency at the which the peak
energy is occurring within the desired band or subband.
During the break segment, the audio feedback is sup-
pressed. If desired, the trainee 1 may be presented with
discrete scores are presented for each active EEG lead
or selected combination of EEG leads summarizing im-
mediate past performance according to the amplitude
integral over the prior measurement period. Presentation
of this discrete scoring information may presented visu-
ally by means such as a digital readout or aurally by
means such as a digital speech synthesizer. The training
session is then generally repeated several times until the
desired number of training sessions have been complet-
ed (Step H).
[0032] Once the desired number of training sessions
have been completed, more baselines are run, namely,
eyes open baseline (Step I), and an eyes open baseline
(Step J). The stereo headphones and EEG leads are
removed from the trainer and the regimen is brought to
an end (Step K). In addition, the step of a running a white
noise baseline could be done (not shown) immediately
after the session are completed (step H) and the order
in which the eyes open baseline run (step J) and the eyes
closed baseline run (step K) could be reversed. The op-
erator may analyze the data collected during the sessions
and interview the trainee to reinforce any brainwave con-
trol which has been demonstrated. Interviews are impor-
tant because the trainee is required to verbalize his re-
action strategies, which reinforces memory of the strat-
egies for future training.
[0033] As will be apparent to a person skilled in the art,
a number of variations and modifications can be made
to the system and method described above without de-
parting from the scope of the present invention. All such
modifications and variations are contemplated as being
within the scope of the invention.

Claims

1. A method for training a person to develop useful de-
grees of voluntary control of personal electroen-
cephalographic (EEG) activity, said method com-
prising the steps of:

(a) securing EEG leads (21) to the person;
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(b) receiving an EEG signal from the person;
(c) transmitting the resultant EEG signal to a fil-
ter(23);
(d) filtering the EEG signal;
(e) monitoring a predetermined EEG frequency
band or subband;
(f) determining the EEG frequency value of a
preselected aspect of said EEG signal; and
(g) generating a first audio signal at a first fre-
quency that is delivered to said person’s first ear
with minimal delay and generating a second au-
dio signal that is delivered to said person’s sec-
ond ear concurrently with said first audio signal,
said second audio signal having a second fre-
quency that differs from said first frequency by
the value of said EEG frequency value
characterized in that said pre-selected aspect
is the frequency at which the peak energy of the
EEG signal occurs or the frequency at which the
greatest average energy of the EEG signal oc-
curs over a pre-selected interval of time.

2. The method of claim 1wherein the frequency of the
first audio signal is constant and the volume of first
audio signal varies in proportion with the amplitude
of said EEG signal.

3. The method of claim 1 wherein the volume of the
first audio signal is never less than the volume of the
second audio signal.

4. The method according to claim 1 wherein said first
audio signal has a tone above about 800 Hz as a
representative signal for theta training.

5. The method of claim 1 wherein said minimal delay
is less than 350 ms.

6. An apparatus (2) for training a person to develop
useful degrees of voluntary control of personal elec-
troencephalographic (EEG) activity, said apparatus
(2) comprising:

(a) a plurality of EEG sensors (21), said sensors
(21) being for placement at a plurality of cortical
sites on a head of said person;
(b) amplifiers (22) coupled to said EEG sensors
(21) to amplify a plurality of channel signals in a
plurality of channels;
(c) a plurality of bandpass filters (23) coupled to
said amplifiers (22) having a passband charac-
teristic of a predefined frequency spectra having
an abrupt cutoff at a low-frequency skirt, an
abrupt cutoff at a high-frequency skirt and near
instantaneous propagation for processing in ac-
cordance within time constraints limited by nat-
ural neurological reactivity to obtain a resultant
signal for each said channel;

(d) a computing device (26) to perform the op-
eration of determining an EEG frequency value
based on a preselected aspect of one or more
of the resultant signals; and
(e) a tone synthesizer (27) receiving input from
said computing device (26) and generating a first
audio signal at a first frequency that is delivered
to said person’s first ear and generating a sec-
ond audio signal that is delivered to said per-
son’s second ear, said second audio signal hav-
ing a second frequency that differs from said first
frequency by the value of said EEG frequency
value
characterized in that said preselected aspect
is the frequency at which the peak energy of the
EEG signal occurs or the frequency at which the
greatest average energy of the EEG signal oc-
curs over a preselected interval of time.

7. The apparatus (2)of claim 6 wherein the frequency
of the first audio signal is constant and the volume
of first audio signal varies in proportion with the am-
plitude of said EEG signal.

Patentansprüche

1. Verfahren zum Trainieren einer Person zum Ausbil-
den nutzbringender Grade an spontaner Steuerung
persönlicher elektroenzephalographischer (EEG-)
Aktivität, wobei das Verfahren die Schritte umfasst:

(a) Befestigen von EEG-Leitungen (21) an der
Person;
(b) Empfangen eines EEG-Signals von der Per-
son;
(c) Senden des entstandenen EEG-Signals an
ein Filter (23);
(d) Filtern des EEG-Signals;
(e) Überwachen eines vorbestimmten EEG-Fre-
quenzbandes oder -unterbandes;
(f) Bestimmen des EEG-Frequenzwertes eines
vorausgewählten Aspekts des EEG-Signals
und
(g) Erzeugen eines ersten Audiosignals mit
einerersten Frequenz, das mit minimaler Verzö-
gerung dem ersten Ohr der Person zugeführt
wird, und Erzeugen eines zweiten Audiosignals,
das gleichzeitig mit dem ersten Audiosignal dem
zweiten Ohr der Person zugeführt wird, wobei
das zweite Audiosignal eine zweite Frequenz
aufweist, die sich von der ersten Frequenz um
den Wert des EEG-Frequenzwertes unterschei-
det,
dadurch gekennzeichnet, dass der vorausge-
wählte Aspekt die Frequenz, mit der die Spitze-
nenergie des EEG-Signals, oder die Frequenz,
mit der die größte durchschnittliche Energie des
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EEG-Signals während eines vorausgewählten
Zeitintervalls auftritt, ist.

2. Verfahren nach Anspruch 1, bei dem die Frequenz
des ersten Audiosignals konstant ist und die Laut-
stärke des ersten Audiosignals proportional zu der
Amplitude des EEG-Signals variiert.

3. Verfahren nach Anspruch 1, bei dem die Lautstärke
des ersten Audiosignals niemals geringerals die
Lautstärke des zweiten Audiosignals ist.

4. Verfahren nach Anspruch 1, bei dem das erste Au-
diosignal einen Ton oberhalb von zirka 800 Hz als
repräsentatives Signal für ein Theta-Training auf-
weist.

5. Verfahren nach Anspruch 1, bei dem die minimale
Verzögerung weniger als 350 ms beträgt.

6. Vorrichtung (2) zum Trainieren einer Person zum
Ausbilden nutzbringender Grade an spontaner Steu-
erung persönlicherelektroenzephalographischer
(EEG-) Aktivität, wobei die Vorrichtung (2) umfasst:

(a) mehrere EEG-Sensoren (21), wobei die Sen-
soren (21) zur Anordnung an mehreren Kortex-
stellen am Kopf der Person bestimmt sind;
(b) Verstärker (22), die an die EEG-Sensoren
(21) gekoppelt sind, um mehrere Kanalsignale
in mehreren Kanälen zu verstärken;
(c) mehrere an die Verstärker (22) gekoppelte
Bandpassfilter (23) mit einer Durchlassband-
charakteristik eines vordefinierten Frequenz-
spektrums mit einer abrupten Kante an einer
Niederfrequenzgrenze, einer abrupten Kante an
einer Hochfrequenzgrenze und nahezu augen-
blicklicher Übertragung zur Verarbeitung in
Übereinstimmung innerhalb zeitlicher Ein-
schränkungen, begrenzt durch die natürliche
neurologische Reaktivität, um ein entstandenes
Signal für jeden Kanal zu gewinnen;
(d) eine Rechenvorrichtung (26) zum Durchfüh-
ren der Operation einer Bestimmung eines
EEG-Frequenzwertes auf Basis eines voraus-
gewählten Aspekts eines oder mehrerer der ent-
standenen Signale und
(e) einen Ton-Synthesizer (27), der einen Ein-
gang von der Rechenvorrichtung (26) empfängt
und ein erstes Audiosignal mit einer ersten Fre-
quenz, das dem ersten Ohrder Person zugeführt
wird, erzeugt und ein zweites Audiosignal, das
dem zweiten Ohr der Person zugeführt wird, er-
zeugt, wobei das zweite Audiosignal eine zweite
Frequenz aufweist, die sich von der ersten Fre-
quenz um den Wert des EEG-Frequenzwertes
unterscheidet,
dadurch gekennzeichnet, dass der vorausge-

wählte Aspekt die Frequenz, mit der die Spitze-
nenergie des EEG-Signals, oder die Frequenz,
mit der die größte durchschnittliche Energie des
EEG-Signals während eines vorausgewählten
Zeitintervalls auftritt, ist.

7. Vorrichtung (2) nach Anspruch 6, bei der die Fre-
quenz des ersten Audiosignals konstant ist und die
Lautstärke des ersten Audiosignals proportional zu
der Amplitude des EEG-Signals variiert.

Revendications

1. Méthode de formation d’une personne à développer
des degrés utiles de contrôle volontaire d’activité
électroencéphalographique (EEG) personnelle, la-
dite méthode comprenant les étapes de :

(a) fixation des charges EEG (21) à la personne ;
(b) réception d’un signal EEG de la personne ;
(c) transmission du signal EEG résultant à un
filtre (23) ;
(d) filtrage du signal EEG ;
(e) surveillance d’une bande ou sous-bande de
fréquence EEG prédéterminée ;
(f) détermination de la valeur de fréquence EEG
d’un aspect présélectionné dudit signal EEG ; et
(g) génération d’un premier signal audio à une
première fréquence qui est fourni à ladite pre-
mière oreille de ladite personne avec un délai
minimal et génération d’un second signal audio
qui est fourni à la seconde oreille de ladite per-
sonne simultanément avec le premier signal
audio, le dit second signal audio possédant une
seconde fréquence qui diffère de ladite première
fréquence par la valeur de ladite valeur de fré-
quence EEG
caractérisée en ce que ledit aspect présélec-
tionné est la fréquence à laquelle l’énergie de
crête du signal EEG se produit ou la fréquence
à laquelle la plus grande énergie moyenne du
signal EEG se produit sur un intervalle de temps
présélectionné.

2. Méthode selon la revendication 1, dans laquelle la
fréquence du premier signal audio est constante et
le volume du premier signal audio varie proportion-
nellement à l’amplitude dudit signal EEG.

3. Méthode selon la revendication 1, dans laquelle le
volume du premier signal audio n’est jamais inférieur
au volume du second signal audio.

4. Méthode selon la revendication 1, dans laquelle ledit
premier signal audio possède une tonalité supérieu-
re à environ 800 Hz en tant que signal représentatif
d’une formation thêta.
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5. Méthode selon la revendication 1, dans laquelle ledit
délai minimal est inférieur à 350 ms.

6. Appareil (2) destiné à fa formation d’une personne
à développer des degrés utiles de contrôle volontaire
d’activité électroencéphalographique (EEG) person-
nelle, ledit appareil (2) comprenant :

(a) une pluralité de capteurs EEG (21), lesdits
capteurs (21) étant destinés au placement sur
une pluralité de zones corticales sur une tête de
ladite personne ;
(b) des amplificateurs (22) accouplés auxdits
capteurs EEG (21) afin d’amplifier une pluralité
de signaux de canaux dans une pluralité de
canaux ;
(c) une pluralité de filtres passe-bande (23) ac-
couplés auxdits amplificateurs (22), possédant
une caractéristique passe-bande d’un spectre
de fréquence prédéfini possédant une coupure
nette sur un tablier à basse fréquence, une cou-
pure nette sur un tablier à haute fréquence et
une propagation instantanée proche en vue du
traitement en conséquence au sein des con-
traintes de temps limitées par la réactivité neu-
rologique naturelle afin d’obtenir un signal résul-
tant dudit canal ;
(d) un appareil informatique (26) afin d’exécuter
l’opération de détermination d’une valeur de fré-
quence basée sur un aspect présélectionné
d’un ou plusieurs des signaux résultants ; et
(e) un synthétiseur de tonalité (27) recevant l’en-
trée dudit appareil informatique (26) et la géné-
ration d’un premier signal audio à une première
fréquence qui est fourni à ladite première oreille
de ladite personne, et la génération d’un second
signal audio qui est fourni à la seconde oreille
de ladite personne, le dit second signal audio
possédant une seconde fréquence qui diffère
de ladite première fréquence par la valeur de
ladite valeur de fréquence EEG
caractérisé en ce que ledit aspect présélec-
tionné est la fréquence à laquelle l’énergie de
crête du signal EEG se produit ou la fréquence
à laquelle la plus grande énergie moyenne du
signal EEG se produit sur un intervalle de temps
présélectionné.

7. Appareil (2) selon la revendication 6, dans lequel la
fréquence du premier signal audio est constante et
le volume du premier signal audio varie proportion-
nellement à l’amplitude dudit signal EEG.
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