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{571 ABSTRACT

Multiple monopolar electrical contacts are applied to
the scalp or body, using other points on the body as
reference and ground. The brain muscle or other bioc-
lectric waves conducted from each contact, relative to
the reference point, arc amplified, filtered, and instan-
taneously analysed to produce a signal which may be
perccived by the person or persons generating the bi-
oclectric waves. This sensory feedback signal simulta-
ncously may communicate to the generating party or
partics the ongoing fluctuations in frequency, ampli-
tude, and phasc unity among two or more biological
rhythms occuring within an individual, couple, or
group of persons. The feedback signal may be used as
an aid to establish awarcness and control over the
functions monitored, as an aid to meditation, as an aid
to learning to flexibly and easily establish or dissolve
the various states of attention and consciousness asso-
ciated with the signaled characteristics of the moni-
tored brainwaves or muscle potentials and as an aid to
communication between neural systems within a per-
son, i.c., lobes of the brain, muscle groups or between
other nonverbal biological activities of two or more
persons being monitored.

14 Claims, 3 Drawing Figures
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MULTIPLE CHANNEL PHASE INTEGRATING
BIOFEEDBACK COMPUTING METHOD

This invention relates to a multi-channel electromyo-
graphic (EMG) and electroencephalographic (EEG)
feedback training apparatus and a method and system
for brain wave and muscle potential analysis for use on
human trainees. ' ’

Bio-feedback training is a recently developed tech-
nique by which persons may learn to control physical
processes of the body. In bio-feedback training, the
participant is informed by means of a sensory signal
such as a tone or a light, of the state of a particular
aspect of his body’s functioning, e.g., the level of mus-
cle tension, blood pressure, temperature, or the fre-
quency and amplitude of his brain waves. By using the
information contained in the feedback signal, reflecting
changes in the monitored physiological process, the
trainee can gradually learn to control the monitored
functions. '

One of the physiological functions which have been
investigated using bio-feedback training techniques is
electroencephalographic (EEG) activity. The EEG
records small changes in voltage on the cortex of the
brain, through recording electrodes placed on the
human scalp. EEG activity is recorded from electrodes
placed on the five lobes of the brain. EEG recordings
show four distinctive brain wave patterns in human
subjects. These wayes are distinguished and catego-
rized according to the amplitude and frequency of
fluctuation of the voltage. Different types of EEG brain
wave patterns have been found to be associated with
different attentional states. High frequency (above 13
Hz), low amplitude, brain wave activity, called “beta”
activity, is associated with a state of narrowly focussed
attention, high arousal, tension, and anxiety. Lower
frequency (8-13 Hz), high amplitude activity, called
““alpha” activity, is associated with a state of relaxed
wakefullness, in which attention is diffused to include a
broader field of one or more sense modalities, simulta-
neously. These two types of activity are present in the
EEG records of most waking humans, in' varying
amounts. Lower frequency (4-8 Hz), high amplitude
waves, called “theta” waves, are associated with cre-
ative imagery and daydreaming, and occur in most
humans before falling asleep or as they are arousing
from sleep. “Delta” waves (1-4 Hz) are high amplitude
waves normally occurring only during sleep.

The verbal reports of subjects who receive biofeed-
back training and who achieve brain wave control often
include statements which associate various EEG pa-
rameters to states of self-consciousness, attention, and
concentration. Thus, viewed within the context of these
reports, the development of control over brain wave
states, that is, intentionally increasing and decreasing
amplitude and frequency of brain wave activity, is
linked with an increase in attentional flexibility.

Most research in EEG bio-feedback found in the
prior art has involved training subjects to control their
alpha wave activity. COnsistent with the fact that alpha
is associated with a state of relaxed wavefullness; train-
ees who have learned to increase their production of
alpha wave activity have reported feeling ‘more inte-
grated, and less tense after bio-feedback training. As
the amplitude of-alpha wave activity grows larger,
trainees report experiences of timelessness,” energy,
unity, and unself-consciousness. The implications ‘of
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these changes to all areas of the trainee’s behavior ae
profound.
~ Bio-feedback training of various physiological func-
tions for example electromyographic (EMG) activity,
has recently been developed also as a training tech-
nique useful in the mitigation of various physical symp-
toms, such as migraine headaches and tension. EEG
bio-feedback training has been observed as a mitigator
of various neurotic psychological conditions, such as
anxiety, depressions, compulsive behavior, and stress
reactivity, as well as a mitigator of some physiological
symptoms, such as nausea, dizziness, tension, body
discomfort; headaches, and other psychosomatic symp-
toms. Thus, EEG bio-feedback training may be used to
treat specific symptoms, aithough the majority of the
trainees have been normal  individuals interested in
developing their attentional capacity or generally ex-
ploring with a view toward enhancing their potential.

The typical trainee is comfortably scated in a dark-
ened, sound-attenuated room. He closes his eyes and
begins to hear a sound which occurs when he is produc-
ing alpha waves. By letting his mind go through various
mental states which naturally change in most persons,
the trainee begins to sense the association of his various
méntal states with the ‘presence and absence of the
tone. Gradually, the trainee begins to be able to control
the tone. He learns to change these méntal states at
will, as well as to sustain certain states for longer pe-
riods of time. The development of this control allows
the trainee to become more aware of many aspects of
his varied mental states, patterns of the changes in the
mental states, timing of the changes, the mental pro-
cesses precipitating the changes, etc. More impor-
tantly; by learning to sustain the tone for a length of
time, the trainee can directly experience the dimen-
sions of consciousness associated with the parameters
of the brain waves which generate the feedback tone.

The training experience itself is a gentle process, in
that the trainee himself has complete control over the
changes which occur during the training asessions.
Therefore, ‘the rate of learning to control brain waves
varies among the subjects. Those trainees having a
subtle awareness of their internal processes and an
interest in discovering how to manipulate the tone
learn quickly. More timid, less aware or motivated
trainess lcarn more slowly.

SUccessful trainees generally describe the subjective
experience associated with the feedback signal in terms
which are very similar to each other. The most dra-

'matic subjective effects associated with the production

of alpha activity occur during the initial period follow-
ing a sudden and sustained increase in alpha duration
or amplitude which takes place simultaneously at all
five recording sites. The pleasant aspects of this experi-
ence appear to be associated with the feeling of release
which accompanies an increase in amplitude and abun-
dance of alpha activity.

When a new alpha level is reached predominantly on
one lobe of the brain, while the other lobes remain for
the most part at their previous low-alpha levels, the
subjective experience is more subtle and more difficult
to discern. Verbal reports suggest, however, that the
alpha activity of each lobe, as signaled by feedback to
the subject, has associated with it a unique experiential
content. However, it is not a common event to find
increases in alpha occurring in only one lobe of the
brain without corresponding small increases in alpha
occurring in the other lobes. ‘That is, increasing alpha
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production on any of the five lobes of the brain tends to
simultaneously produce increases on the other lobes.
Another electrophysiological parameter which has
been discovered is the phase agreement of EEG activity
simultaneously recorded from different brain loci.
When two waves are rising and falling in synchrony,
they are termed “in-phase”’, while they are described as
being ‘“out-of-phase” if lhe voltages are changing in
opposite direction. After a 20-minute exposure to a
feedback tone which signaled when the right and left
occipital rhythms were within 15° of being exactly in-
phase, ten trainees demonstrated an ability to increase
and decrease phase agreement with respect to their
performance before they received training. These re-
sults were statistically significant, while there was no
control of phase agreement demonstrated by control
trainees who received feedback which was not contin-
gent.upon phase agreement of their brain waves. The
results of these studies are also relevant to attentional
mechanisms. The verbal reports from the trainees and
87 pilot subjects associate the occurrence of the feed-
back tone, which reflects phase agreement, with their
being aware of a relatively stable mental image. When
this one-pointedness of mental focus was disrupted, the

phase agreement between occipital waves was lost. -

These findings are general to the entire range of EEG
frequencies which were monitored.

The EEG recordings during phase agreement showed
relatively high levels of alpha activity. In terms of physi-
ological parameters, alpha amplitude may be directly
related to ease of achieving phase agreement. The oc-
cipital waves of certain subjects were observed to be
more in-phase when emitting large amplitude bursts of
alpha activity. In general, the alpha rhythm was the
most prominent brain rhythm displayed in the EEG
records of the subjects used in the experiment.

The EEG feedback system of the present invention
has remote experimenter consoles, containing five in-
dependent data channels, electrode and battery test
functions indicated by meter needle deflections, plug in
filter modules which determine the frequency of five
pole eliptical filters with approximately 24 db per ac-
tave rolloff, and digital filters for each channel. The
consoles contain an on-off switch for each channel,
additional 60 Hz notch filters (40 db attenuation), and
a counter for each channel which registers the percent
of time that brain wave activity exceeds a preset adjust-
able threshold. The counter can also indicate an inte-
gral of the entry generated for that activity channel in
a given test period. There is a counter reset for all
channels, and gain and threshold controls for each
channel. In addition, the consoles contain a summing
amplifier, and an output meter to indicate the energy of
the phase sensitive resultant of any combination of
channels of input activity. This energy measure thus
simultaneously reflects the rate of occurrence, ampli-
tude and phase relations of EEG activity from a large
area of the brain. A channel selector switch provides
access to the summing amplifier output and to the
outputs from each of the five channels for oscilloscope
monitoring or other functions. A threshold gain control
adjusts the level at which the feedback tone, represent-
ing the averaged EEG activity, becomes audible. The
feedback tone reflects the frequency and amplitude of
the averaged signal as well as the degree of phase
agreement of input activity to the summing amplificr.
Any channel combinations for feedback may be se-
lected. Each channcl has the capacity to produce a
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feedback tone individually and simultaneously with
each other and with the average EEG channel.

Unlike EEG biofeedback devices which employ only
analog filtering techniques, the instrument of the inven-
tion may combine analog and digital filtering tech-
niques. It can select any band pass between 2 and
10,000 Hz for transmission (extended range is op-
tional), providing complete rejection of frequencies
outside the band pass. Frequency analysis of other than
the dominant frequency in the EEG is one of the rea-
sons that make combined analog/digital filtering a ne-
cessity in a research or clinical instrument.

The multi-channel design of this instrument allows it
to serve as a frequency analyser. to determine the en-
ergy contained in each of five separate and preset fre-
quency bands of any EEG wave form over a range of
preselected periods. The multi-channel design also
permits the simultaneous analysis of frequency, ampli-
tude (or energy), and phase relatedness of as many as
five distinct EEG wave forms simultaneously. Analyses
may be performed independently of whether or not
amplitude, frequency and phase contingent feedback is
utilized. Feedback is not delayed in time after first
period or cycle of activity, and is presented audibly and
visually instantaneously as it occurs.

The invention as it is embodied in FIGS. 1 and 2
while primarily designed to monitor and give multi-
channel feedback training and provide analysis of brain
waves contains all the necessary components to moni-
tor and give multiple channel feedback training, and
provide analysis, of muscle potentials. The frequency
band width of myographic activity is from 90 to 10,000

~Hz. The special advantages offered by the present de-

vice in EMG training derive from existing knowledge
regarding the distribution of tension in the body. Body
tension often does not entail tension in just one muscle
or one group of muscles. Body tension may be and
often is reflected by tension in many groups simulta-
neously. Thus, existing single channel EMG feedback
systems fail to reflect systemic stress while a multiple
channel device such as the one described herein may
be used to detect and reflect the level of tension of
widely distributed muscles simultaneously. In the latter
case one tone instantaneously represents the average
tension level in microvolts of as many channels of mus-
cle activity as are being recorded from. Each individual

‘muscle activity level is displayed on the integrated
_energy meter for each channel and the averaged mus-

cle activity across all monitored channels is displayed
by the summing channel energy meter. When an audi-
tory feedback signal is utilized, for example, the feed-
back tone decreases in frequency as tension levels and

.- muscle potentials diminish.

55

6(

65

A problem which has long existed in EEG biofeed-
back and in EEG recording in general has been elec-
trode attachment. The procedure has required a care-
tul and time consuming application of electrodes, usu-
ally employing a paste or gel which presented clean-up
problems after sessions and subject discomfort. Such
procedures were necessary to provide low electrode
resistances (10K ohms) for a usable EEG signal which
is free of 60 Hz and other unwanted electrical activity.

The quality of .the preamplifiers (110 db common

mode rejection) and a 60 Hz notch filter (40 db attenu-
ation) make possible the use of a simple and paste-free
electrode. system. Thus, electrode attachement is an
easy and rapid (45 seconds total time) procedure for

.the experimenter or clinician, and a comfortable expe-
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]
rience for:, the subject, without unnecessary paste resid-
uval. *~
“Other features which make this instrument easy to
. use and effective:are its internal electrode test, battery
test, and calibration systems: An adjustable oscillator
provides a push button check of electrode resistance
without polarizing the electrodes. This osciallator also
~ provides a calibration signal for the entire system and
thus, serves as a means by. which the integrity of the
system may be checked as well as the amplitude, fre-
quency and phase response of each channel.
Display meters can be set to reflect on-going activity
or activity integrated over an internally timed duration
which is selectable from 15 seconds to 32 minutes.
After the timed duration ends, meters stop and hold
their position indefinitely until reset, while the feed-
back tone continues uninterrupted.
It is therefore an object according to the present
invention to provide a multi-channel - biofeedback
_method in which persons may learn to-control the phys-

ical processes of their body by means of a sensory sig-
-nal which is responsrve to the state of a partlcular as-
pect of a person’s functioning. ]

+It-i§ ‘anotheér.object according to the present inven-
tiori to provide a method for the measurement of bi-
ofeedback activity in a person which is simple in design
and reliable in operation.

Other objects and features of the invention will be-
come apparent from the following detailed description
considered in connection with the accompanying draw-
ings which disclose the embodiments of the invention.

It is to be understood however that: the drawings are
designed for the purpose of illustration only and.not as
a definition ‘of the limits of the invention.

In the drawings wherein similar reference characters
denote similar elements throughout the several views:

FIG:’1 is a schematic block diagram of the electrical
circuitry illustrating the method in operation of the
“subject invention;

2(

6

.with 24 db.roll. off per octave. In its present configura-
.tion, the 3 db pass frequencies may be varied by chang-

ing five resistars in the filter circuit, by means of a five
wafer, multi- posmon switch or by means of an inter-
changeable plug in. The range of this filter is from 2to

.80 Hz. The output is delivered to a low pass filter 13.
Low pass filter is also a five pole eliptical filter with 24

db roll off per octave. In its present configuration, the
3.db down.frequencies may be varied by changing five
resistors in the filter circuit, by means of a five wafer,
10 position switch or by means of an interchangeable
plug in. The range of the filter is from 2 to 80 Hz. The
output from the low pass filter is fed to a phase shift
network 14.

Phase shifting network 14 permits the phase relation
of the brain wave signal to be adjusted with respect to
the other channels of brain wave activity, over a range
of 360°. The phase relations of all channels can thus be
equalized and auditory feedback can be presented in
any specified phase relation to neural activity.

Therefore, the shifting of the phase of the amplified
signals with respect to the occurrence of brain wave

. activity permits the sensory signal to have an impact on
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FIG. 2 is ‘another embodlment ofa srmpler method of 40

" the invention illustrated in a schematic block dlagram,
and,

FIG. 3 is a view of a trainee havmg sensors connected
to muscle areas of the body.

Referring to FIG. 1 input amplifier 10 is a preamph-
fier ‘and consists. preferably of a differential -amplifier
having a minimum of one megohm input rmpedance
The gain is variable between 10K to 100K, and there is
approximately 110 db. common mode rejection. The
input bias current is less than 2.0 nanoamperes. Inputs
are derived from scalp electrodes 38. The output is fed
to a 60 Hz notch filter 11. Notch filter 11 has approxi-

" mately 40-db rejection of unwanted 60 Hz signals. Its 3

db band width is approximately 3 Hz. The variable 10K
to 100K gain on the preamplifier allows the operator to
équalize channel gains at optimum meter display
valves. In addition, other feedback gain controls are
provided in order to “weight” the desired channels in
order to optimize feedback for individuals who: pro-
_duce very large signals on only one.or two channels: In
this_case, the large signals would ordinarily dominate

the brain which is in phase with the occurrénce of
subsequent brain wave activity. The output from the
phase shifting network is coupled to a pulse generator
15. Generator 15 is a trigger circuit and feeds uniform
amplitude pulses to a digital filter circuit for period
analysis. Ampllfied analog. filtered, and phase shifted
brain waves from network 14 trigger the production of
these uniform: pulses when these brain waves cross the
zero voltage level in the positive gomg direction. The
output from the pulse generator is fed into a digital
filter 16.:. .

Filter 16 performs a perrod analysis upon the input
pulses: from: pulse generator 15, and opens signal gate
17 when the .input pulses fall between high and low
period durations, which may be preset or manually
adjusted. The range of the digital filter is between 2 and
80 Hz. The digital filter provides uniform. voltage out-

_put for in-band frequencies and total rejection of out-

of-band frequencies. The absolute accuracy of the digi-

‘tal filter is 0.5 Hz, and the frequency resolution is 0.50
‘Hz. E
45

:Digital ﬁlter gate 17 controls the passage of the am-

- plified and filtered brain wave signal from phase shift

plt
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the feedback production. Reducing the effect of:large -

signals so that the activity from the five major lobes can
all be dpproxrmately equally reflected in the phase
-integrated feedback is the functlon of-the * werghtmg
* control.
- The outlet of notch filter 11 is coupled toa hrgh pass
filter 12. Hrgh pass filter 12 is a-five pole eliptical filter,

network 14 to a summing amplifier 27, a voltage con-

trolled. oscillator 18, a pulse generator 19, and a driver
amplifier 25. Gate:17 is opened for a time equal to the
direction. of the longest preset period, this time com-
mencing, at the instant that the period criteria are satis-
fied by the preceeding pulses in digital filter 16. Gate
17 controls the passage of present real time brain wave
signals, not pulses: The brain wave activity which is
delivered to subsequent circuitry is, in fact, the activity
occuring, during the period after the period duration
criteria have been met. Since brain wave activity tends
to occur .in-bursts, consisting of repetitive trains of
identical frequency activities, the likelihood of occur-
rence.of: the desired frequencies at approximately the

~ same-time that the criterion is met is quite high.

The’combination of eliptical and digital filtering re-
sults in-feedback which is both immediate and accu-

-~rate, ‘The combination filtering accentuates desired

> 65

frequeéncies. for :which feedback is desirable. Informa-
‘tion. or.feedback concerning the presence of the de-

sired frequency is provided in-greater abundance than

' if the signal-had. not-been analog filtered first since in



















