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ABSTRACT

A novel method for controlling the nervous system of
a living organism for therapeutic and research pur
poses, among other applications, and an electronic
system utilized in, and enabling the practice of the in
vented method. Bioelectrical signals generated in spe
cific topological areas of the organism's nervous sys
tem, typically areas of the brain, are processed by the
invented system so as to produce an output signal
which is in some way an analog of selected character
istics detected in the bioelectrical signal. The output
of the system, typically an audio or visual signal, is fed
back to the organism as a stimulus. Responding to the
stimulus, the organism can be trained to control the
waveform pattern of the bioelectrical signal generated
in its own nervous system.
The invention system comprises means for frequency
filtering, rectifying, integrating and amplifying. In
addition, the system includes means for transducing
the processed signal and displaying it as an output to
the subject.
24 Claims, 2 Drawing Figures
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SYSTEM AND METHOD FOR CONTROLLING THE
practical method and system enabling the application
NERVOUS SYSTEM OF A LIVING ORGANISM

BACKGROUND OF THE INVENTION
1. Field of the Invention

This invention relates in general to the processing
and utilization of electrical signals, and more particu
larly to a system for processing bioelectrical signals
generated in the nervous system of a living organism
and a method for training the organism to control the
patterns of its bioelectrical signals for therapeutic or
other purposes.
2. Prior Art

The prior art does not disclose a method or means
whereby a living organism can learn to control the bio
electrical brainwave or nervewave patterns generated

of this discovery in many fields including neurological
therapy and brain research.
BRIEF SUMMARY OF THE INVENTION

The present invention is comprised of a means for de
tecting bioelectrical signal generated in a specific topo
logical region of the nervous system of a living organ
ism, typically a human being or other intelligent ani
10 mal; a means for detecting particular characteristics of
the detected bioelectrical signal; means for processing
the signal so as to produce an output related to the
presence or absence, magnitude and/or duration of the
detected characteristics; and a means for transducing
5 the output into a sensory signal presented to the organ
S.
The invented method requires the subject organism,
utilizing its cognitive powers, to alter the particular
characteristics of the detected bioelectrical signal so as
20 to cause the sensory signal displayed to it to change to
a preconceived condition, such as, for example, to in
crease the intensity of a light source. The preconceived

in its own nervous system. Methods are known in the
prior art whereby bioelectrical signals generated in the
brain are sensed and fed back in synchronism with the
generated signals so as to produce prolonged sleep and
anesthesia. In the prior art methods, electrodes are
used to impress the feedback signal directly upon the condition of the sensory signal, of course, is related to
subject's brain, bypassing its sensory mechanism; con a desired waveform pattern of the originally detected
sequently, no participation or learning is required on 25 bioelectrical signal or, more specifically, to the attain
the part of the subject. These methods, therefore, do ment of one or more desired characteristic of that sig
not enable an organism to control its nervous system. nal, such as, for example, the elimination of frequency
Instead, they enable a passive subject to be put to sleep components found in the brainwave patterns of persons
or to be anesthetized. The present invention, on the 30 suffering from epilepsy. By repeatedly exercising a sub
other hand, teaches the conscious participation of the ject in the manner just described, i.e., by extensive
subject. By this invention, the feedback signal, typically training utilizing the present invention, the subject can
an audio or visual output, is impressed upon the sub learn to control and, therefore, to determine one or
ject's senses, requiring the subject's conscious and vol more characteristics of its brainwave or nervewave pat
untary response to the signal. Unlike the methods of terns for therapeutic or other purposes.
the prior art, the subject's sensory mechanism is not by 35 Typical means for detecting the bioelectrical signal
passed by directly and electrically impressing the feed are the electroencephalograph (EEG) recorder and the
back signal upon its brain,
polygraph recorder. The topological location in the or
There are also substantial differences between the
ganism's nervous system where detection is to take
invented system and some of those disclosed by the 40 place is a function of the user's objective. Thus, if the
prior art. For example, biological feedback systems of present invention is to be used for epileptic therapy, the
the prior art often use a carrier signal modulated by the region of the brain known to be involved in epileptic
biolelectrical signal. No such modulation is part of the seizures would be subjected to the EEG investigation.
present invention. Systems of the prior art often in Conversely, where there is now inadequate correlation
clude means for shifting the phase of the feedback sig 45 between the topology of the nervous system and its
nal with respect to the original bioelectrical signal. In functions, the present invention provides a useful re
the present invention, the phase relationship between search tool capable of substantially enhancing the to
the bioelectrical signal and the feedback signal is of no pological "mapping' of an organism's nervous system.
particular importance. Further, the present invention
does not require means for impressing an electrical sig 50 The particular characteristics of the detected bio
nal and, therefore, electrical current, into a living or electrical signal which are of interest to the user are
ganism. Consequently, it is substantially safe to its sub also a function of his objective. In the case of epileptic
jects while they are being treated or otherwise partici therapy, for example, the presence and amplitude of
certain frequency components in the clincial EEG has
pating in the invented method.
Heretofore, disorders of the nervous system, such as 55 been correlated with seizures. Thus, in this application,
epilepsy, have been treated exclusively by pharmaceu it is the frequency spectrum of the bioelectrical signal
ticals and/or surgical procedures. The present inven which is of interest.
tion is based upon the discovery that a living organism,
In other applications it might be found that it is only
typically an animal high on the intelligence scale, can necessary to detect the presence or absence of electri
control its brainwave and nervewave patterns and bring 60 cal or electrochemical activity at a particular location
about permanent or long lasting changes thereto by a in the nervous system. For such applications, the in
process of learning; and, further, that the changes in vented system would include means for detecting the
duced in the bioelectrical patterns can be such as to re presence of a signal rather than any particular electri
sult in the substantial control of epileptic seizures and cal characteristic of it. In still other applications the du
hyperkinesis. This therapeutic approach has also been 65 ration for which a bioelectrical signal is present may be
shown to be useful in correcting motor disorders such a significant parameter requiring detection. For this
as the loss of motor control attributable to a spinal cord reason it should be understood that the invented system
lesion. Thus, the present invention provides a safe and is not a fixed single structure but rather a basic combi
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nation of means whose specific embodiments are
adapted to suit particular applications. Similarly, the
invented system is typically tuned and calibrated in ac
cordance with the requirements of each application to
which it is to be applied. This invention also contem

5

plates the combination of means sufficient to enable
multi-purpose use in a number of applications either
simultaneously or by sequential selection.
Thus, it is a principal object of this invention to pro
vide a practical and safe method and system to enable
a living organism to control significiant characteristics

4
wherein a particular frequency band is of interest be
cause its presence, energy content and/or the duration
of its presence are parameters of significance to the
therapeutic or research objective of the user. In any
event, some filtering is typically required in order to fil

ter out signals attributable to cardiac and muscular re
sponses as well as noise from the ambient environment.
The precision attenuator is adjusted so that the filtered
signal appearing at the output 19 of the bandpass filter
10 18 has a sufficient amplitude, typically one volt, peak
to peak. A terminal may be provided at output 19 offil
of its nervous system.
ter 18 to enable the display of the filtered EEG signal.
Another principal object of this invention is to pro Such
a display can be of use during operation of the
vide a therapeutic means for the control of certain dis system. When an EEG or other recorder is used, the
orders of the nervous system.
15 signal at the point 19 may be patched to one of the re
A still further object of the invention is to provide a cording tracks of the recorder, since most commercial
flexible tool for neurological research including topo recorders provide means for such external inputs.
logical mapping of the nervous system.
The filtered EEG signal is then passed through a
Other objects, novel features and advantages of the means
for rectifying 20. In applications where the sen
present invention will become apparent upon making 20 sory signal
be fed back to the subject is an analog of
reference to the following detailed description and the a particulartocharacteristic
the EEG signal, full wave
accompanying drawings. The description and the draw rectification is preferred forofgreater
accuracy of the an
ings will also further dislose the characterstics of this alog relationship. However, in applications wherein the
invention, both as to its structure and its mode of oper sensory feedback signal is not an analog signal, e.g.,
ation. Although preferred embodiments of the inven 25 where it is a tone or a light indicating the presence of
tion are described hereinbelow, and shown in the ac
particular characteristic of interest, then half wave
companying drawing, it is expressly understood that the the
rectification is adequate. The output 21 of the rectify
descriptions and drawings thereof are for the purpose ing means 20 is a unipolar signal whose peak amplitude
of illustration only and do not limit the scope of this in is directly proportional to the amplitude of the fre
vention.
30 quency components passed by the filter 18; thus, the
rectified signal is a measure of the presence of, and en
BRIEF DESCRIPTION OF THE DRAWINGS
in, the selected frequency band of the EEG signal.
FIG. 1 is a block diagram of a first preferred embodi Aergyterminal
may be provided at point 21 of rectifying
ment of the invented system.
means 20 for purposes of display.
35
FIG. 2 is a functional-block diagram of a second pre
Following rectification, the DC signal is typically in
ferred embodiment of the invented system having cer tegrated by an integrating means 22 such as for exam
tain additional capabilities as required in more complex ple, an operational amplifier integrator, having a
applications.
charge time constant Tc and a discharge time constant
DETALED DESCRIPTION OF THE INVENTION

40

Tod. The values of Tc and Tod are selected so that, for

a particular frequency band, the signal at output 23 of
With reference to FIGS. 1 and 2 the invented system integrating means 22 is directly proportional to the
is now described in detail. Like elements in each figure RMS amplitude of the rectified signal at point 21.
will be designated by like numerical designations. The When,
example, the frequency of the filtered EEG
invented method will be described in conjunction with 45 signal isforabout
Tc and Tod are set at approxi
the description of the operation of the system. For the mately 4 second.13InHz,
addition,
aforesaid value of Tc
purposes of this description the living organism will be and Tcl substantially eliminatestheflickering
of any light
a human being and the portion of the nervous system source driven by integrating means 22, to provide the
involved will be the brain. It should be understood, sensory signal to the subject. Flickering, of course, is
however, that the invention is not so limited.
typically disturbing to the subject 10. Integrating means
In FIG. 1, a human subject 10 is shown with a con 50 22 also acts as a filter of any high frequency compo
ventional set of electrodes 12 affixed to his skull. The
nents of the rectified signal, as well as of any noise
electrodes 12 detect the bioelectrical signals generated spikes
through. As elsewhere in the invented
in the topological region of the brain at which they are system,passing
a terminal may be beneficially placed at point
affixed, such signals being commonly referred to as 55 23 to enable the monitoring of the output of integrating
EEG signals. The electrodes 12 are connected to an means 22.
amplifying means 14. Amplifying means are typically
In the embodiment depicted in FIG. 1, the integrating
incorporated in commercial EEG and polygraph re means
drives an output transducing means
corders. When a recorder is used to provide the ampli 24. This22is directly
typical
in
applications where the sensory sig
fying means, the EEG signal may, of course, be dis 60 nal which is fedback to the subject 10 is to be an analog
played on the output paper chart paper. Such display of the characteristic of interest in the EEG signal. Pre
of the EEG signal is advisable at the onset of the train ferred
transducing means 24 which provide such an an
ing and periodically thereafter for the benefit of the alog sensory
signal include a light emitting diode, an in
therapist in charge of the operation.
candescent
lamp
illuminating panel whose intensity
The amplified EEG signal is then routed to a preci 65 of illumination isorproportional
to the voltage applied
sion attentuator 16 in series with an active precisely across it, an audio device whose sound intensity is di
calibrated and tuned bandpass filter 18, i.e., a filter rectly related to the voltage applied to it, and any con
having some gain. Filter 18 is required in applications binations of such devices. In some applications the sen

S
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sory signal fedback to the subject 10 is not an analog where the subject 10 is stimulated by a discrete change
of the characteristic of interest in the EEG signal. For in a visual and/or audio presentation. For example, whe
example, the subject 10 may be stimulated by a discrete the transducing means 24 is the light display comprised
change in a number display or in a visual display (such of two rows of numbered lamps described hereinabove,
as, e.g., in colored slides projected on a screen) when 5 the duration sensing function of the timing circuit 32
ever the characteristic of interest is detected in the
would enable an output to the electronic counter only
EEG signal. A preferred transducing means 24 for such if the detected characteristic persisted for a specified
applications is a light display comprised of two rows of duration. (The electronic counter, in turn, simulta
numbered lamps driven by an electronic counter. One neously causes the lamps to advance by one unit.) The
row of lamps designates "tens' while the second row 10 intertrial interval control function then determines the
designates "units.' Only one lamp in each row is lit at minimum time interval before another advance in the
any given time. The subject 10 can readily read the number display can be made. This feature enables the
number by observing which numbered lamp is lit in subject 10 to see and appreciate the reward for his ef.
each row. When the desired characteristic is detected
forts represented by the advance in the number display.
in the EEG signal, the subject 10 is "rewarded' by ob 15 The sense of being rewarded is typically diminished in
serving an increase in the number displayed by the a subject 10 when the sensory signal is changing too
lamp. A single chime may accompany each advance of rapidly.
a units lamp and a double chime each advance of a tens
The control functions of the timing circuit 32 may be
lamp, thereby adding audio stimulation to the subject. selectable or variable, i.e., timing circuit 32 may in
20 clude means for continuously or discretely changing
In some applications the duration of the detected the various time criteria. These functions and capabili
characteristic of the EEG signal and/or a particular ties may be readily implemented by conventional elec
magnitude thereof are significant parameters. Typi tronic circuits known in the electronics field.
cally, these are applications where bioelectrical activity
In some applications it is desirable to provide a
within a certain bandwidth is of significance only if it 25 means for inhibiting a sensory output to the subject
is of a particular magnitude and/or it persists for a par under certain conditions. Such an inhibiting means 40
ticular duration. For applications of this kind, time is shown in FIG. 2 between the timing circuit 32 and
measuring means and amplitude sensing and compar transducing means 24. When a condition requiring sup
ing means are employed between the integrating means pression of a sensory signal to the subject 10 is de
22 and the output transducing means 24 for the pur 30 tected, inhibiting means 40 prevents any signal appear
poses of further processing the signal. Such a more ing at the output of timing circuit 32 from reaching
complex second embodiment of the invented system, transducing means 24. Inhibiting means 40 can be im
adapted for use in such applications, is now described plemented by electronic circuits known in the field;
in detail with reference to FIG. 2. The second embodi
e.g., if timing circuit 32 requires a charging circuit to
ment comprises electrodes 12, amplifying means 14, 35 fire in order to produce an output, the inhibiting circuit
attenuator 16, active bandpass filter 18 rectifying can be designed to discharge the charging circuit upon
means 20 and integrating means 22 interconnected in detection of a condition requiring suppression of the
electrical series in the manner described hereinabove
sensory signal.
with respect to the first embodiment shown in FIG. 1. 40 Conditions typically requiring suppression of the sen
In this second embodiment, a means for sensing ampli sory signal include (i) excessively high EEG signal am
tude 30 receives the integrated signal present at point plitudes at one or more points in the system; (ii) epilep
23. The amplitude sensing means 30 may include volt tic spikes characteristically observed during an epilep
age comparator circuitry, Schmitt triggers or relay trip tic seizure; and (iii) the presence of excessive "noise'
ping ciruitry, to name just some of the possibilities. The attributable to bioelectrical activity in the subject's
basic function of the amplitude sensing means 30 is to 45 muscular apparatus; i.e., the subject's electromyograph
provide a signal at its output 31 only if and when the (EMG). In epilepsy therapy it has been observed that
signal at its input 23, typically the integrated signal, has an epileptic seizure produces characteristic spikes
an amplitude of some minimum or specific magnitude. within the frequency band of a normal brainwave pat
tern. If such spikes appear during a therapeutic session,
The second embodiment of this invention also in 50 their presence, superimposed on a normal brainwave
cludes a timing circuit 32 which provides additional pattern, is inconsistent with the presentation of a sen
control functions governing the sensory signal which is sory signal (which, as more fully discussed below, is an
to be fed back to the subject 10, Timing circuitry 32 is indication of a favorable pattern; i.e., a "reward' to the
normally driven by the output of the amplitude sensing subject).
means 30. It provides whatever timing functions are re 55 Detection of excessive muscular noise is done by
quired by the particular application such as, for exam means of electrodes (not shown), affixed to the body
ple, (i) sensing the duration of the processed signal; (ii) of the subject 10 at an appropriate location, in conjunc
controlling the intertrial interval and/or (iii) control tion with an EMG recording. The detected EMG signal
ling the duration of the sensory signal stimulating the is amplified, filtered, rectified and integrated by pro
subject 10. The duration sensing function is typically 60 cessing means 52 in a manner similar to that described
implemented by conventional timing circuits which de hereinabove with respect to the EEG signal. It should
termine whether the processed signal at point 31 is of be understood that processing means 52 is merely a
a minimum or other specific duration as a condition to convenient representation of a series of elements com
enabling an output to transducing means 24. The inter 65 prised of amplifying means, precision attenuator, active
trial interval control function controls the time interval
bandpass filter, rectifying means and integrating
elapsing between the presentation of successive feed means. Amplitude sensing means 54 receives the pro
back sensory signals to the subject 10 in applications cessed EMG signal. If the amplitude of the processed

7

3,837,331

8
EMG signal is determined by amplitude sensing means ried sensory signal. In the case of epileptic seizure sup
54 to be above a predetermined magnitude, an inhibit pression, for example, the center frequency of active
signal appears at its output 55. The presence of an in bandpass
filter 18 is typically set at about 13 Hz. The
hibit signal at point 55 activates inhibiting means 40.
gain
of
the
precision attenuator is set to produce a peak
Detection of excessively high EEG signal amplitudes to peak voltage
in the range of 0-3 volts at output 19
or characteristic epileptic spikes requires still another of bandpass filter 18. The amplitude sensing means is
amplitude sensing means 64. (It has been observed that set to provide an output if the signal at point 19 has a
the epileptic spikes often have high amplitudes, or they peak
to peak amplitude of at least one volt for a few cy
"ride' atop the amplitude waveform of the EEG signal, cles. With
reference to the timing circuit 32, the dura
thereby reaching high levels at their peaks.) The EEG O
sensing function is typically set to respond to dura
signal is picked off at the output 15 of amplifying tion
tions of the desired characteristic of from a to 1 sec
means 14 and passed through processing means 62 be ond. Typical intertrial intervals are from 1-5 seconds.
fore being input to amplitude sensing means 64. Pro
cessing means 62 is a convenient representation of a
a period of intensive training in the practice of
series of elements comprising a precision attenuator, a 5 theAfter
invented
the subject 10 can bring about
very broadband active filter, rectifying means and inte permanent or method,
long
lasting
changes to the characteristic
grating means having a very low charge time constanct pattern of the detected EEG
signal. For therapeutic
Tc. Processing means 62 passes substantially all of the purposes the desired characteristics
of a particular
frequency components of the EEG signal with mini EEG signal can be enhanced while undesirable
mum delay. If the amplitude of the EEG signal appear teristics reduced, resulting in a beneficial changecharac
in the
ing at the output 63 of processing means 62 is deter subject's clinical EEG. Further, the present invention
mined by amplitude sensing means 64 to be above a can be of value in analyzing the subject's clincial EEG.
predeteremined magnitude, an inhibit signal appears at While it is not yet clear how and in what manner the
its output 65. The presence of an inhibit signal at point subject's cognitive powers bring out changes in the
25
65 activates inhibiting means 40.
brainwave or nervewave patterns, such results have
It should be understood that while only two embodi been
observed and reported. When timing circuit 32 is
ments have been described in detail, many variations utilized,
the required duration of a desired characteris
are possible as a function of the requirements of each tic may be
gradually increased so that the subject 10
application. For example, in some applications rectify must strive further
in order to achieve the reward. This
30
ing and integrating means 20 and 22 respectively, may aspect of the method
to the procedure of
not be required; i.e., the amplitude sensing means 30 increasing the numberis analogous
of
exercises
in a program of
may directly receive the filtered signal at point 19. In physical training.
other cases, the integrating means 22 alone may be
Other variations and applications of the invented
eliminated. The appropriate configuration for a given method
will be apparent to persons skilled in this field
application can be readily determined by persons 35 without departing
from the spirit and scope of this in
skilled in the subject field. Further, it should be under vention. This invention,
is not intended to be
stood that many circuits and physical means are known limited to the particulartherefore,
method
disclosed
herein.
which can be used to implement one or more of the
claim:
functional elements disclosed herein including, for ex
i. A method of controlling the nervous system of a
ample, a digital computer. Thus, the principles dis 40 living
organism by altering the waveform pattern of a
closed herein are susceptible of other applications and bioelectrical
generated in its nervous system,
forms which will be apparent to persons skilled in the comprising thesignal
steps of:
field. Therefore, this invention is not intended to be
detecting a bioelectrical signal at a specific topo
limited to the particular embodiments herein disclosed. 45 a. logical
location in said organism's nervous system;
The inventive method is practiced using the above
b. passing said bioelectrical signal through a band
described system. The subject 10 is first placed in a po
pass filter, said filter being adapted to pass only fre
sition relative to the transducing means 24 which will
quency
components thereof which are related to
enable the sensory signal output by such means 24 to 50 the particular
control sought;
stimulate him; e.g., enable him to see a display light or
c,
passing
said
frequency
components of said bioelec
hear an audio tone. The subject 10 is then fitted with
trical
signal
through
a
timing circuit, said timing
electrodes 12 at the specific topological area of his ner
circuit
being
adapted
to
detect whether said fre
vous system selected by the therapist or experimenter.
quencies
are
present
for
a preselected minimum
The precision attenuator 16 and bandpass filter 18 are
duration;
properly adjusted and calibrated; timing criteria, if any,
d. providing an output signal when and if said fre
are set into the timing circuit 32; and any amplitude cri
quency components are present for said prese
teria set into the amplitude sensing means 30. Typi
lected
minimum duration;
cally, the filter is selected to pass desired frequencies
e.
detecting
presence of any undesirable charac
detected in the EEG signal, i.e. frequencies which have 60 teristics ofthe
said
bioelectrical signal, said undesir
been correlated with normal brainwave or nervewave
able characteristic being one whose presence war
patterns. Likewise, the amplitude and duration criteria
rants inhibiting said method;
are also related to normal patterns. Thus, the sensory
f
applying
said output signal to a voltage transducing
signal to be fed back to the subject 10 is an indication
device
for
a preselected duration so long as no un
to him of normal or desirable patterns. Receipt of the
desirable
characteristic
is detected, said device
sensory signal, therefore, is in the nature of a reward to
providing
a
sensory
signal
capable of stimulating at
the subject 10, and he is instructed to concentrate,
least
one
of
the
senses
of
said organism, said sen
think and/or use his willpower so as to obtain the des
sory signal having a discrete state related to the
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waveform pattern of said bioelectrical signal; and

O
e. passing said bioelectrical signal through means for
sensing voltage amplitude, said means being
g. causing Said organism to concentrate mentally so
adapted to detect whether the amplitude thereof is
as to affect the intensity or state of said sensory sig
above a preselected magnitude and to provide a
nal in a preselected way;
first signal as long as said amplitude remains there
whereby said organism is trained to alter the waveform
above,
pattern of said bioelectrical signal in a desired manner
f, passing said first signal through a timing circuit
and thereby to control its nervous system.
adapted to detect whether frequencies within said
2. The method of claim wherein said undesirable
frequency band are present for at least a prese
signals include excessively high amplitude EMG signals O lected duration;
attributable to bioelectrical activity in said organism's
g. providing a second signal when and if said bioelec
muscular apparatus.
trical signal contains frequencies in said frequency
3. The method of claim 1 including the additional
band with an amplitude above said preselected
steps of (i) detecting the presence of any undesirable 15 magnitude for at least said preselected duration;
signal which may appear together with said bioelectri
h. detecting the presence of high amplitudes of or
cal signal, said undesirable signal being one whose pres
spikes on said bioelectrical signal;
i. applying said second signal to a voltage transducing
ence warrants inhibiting said method, and (ii) inhibit
ing the presentation of said sensory signal to said organ
device for a preselected period so long as no high
ism when said undesirable signal is detected.
amplitudes or spikes are detected, said device
20
4. The method of claim wherein said undesirable
being adapted to provide a visual display whose
characteristics include the high amplitude spikes which
state is directly related to the degree of success in
may appear during epileptic seizures.
increasing the energy content in said frequency
5. The method of claim it wherein said undesirable
band of said bioelectrical signal; and
characteristics include amplitudes of said bioelectrical 25 j. causing a preselected minimum interval to elapse
signal which are greater than a preselected magnitude.
between successive presentations of said sensory
signal or changes in the state thereof;
6. The method of claim 1 wherein said bioelectrical
k, causing said organism to concentrate mentally so
signal is altered so as to increase the amplitude of said
as to change the state of said visual display in suc
frequency components passed by said filter.
cessive steps, said successive steps occurring at
30
7. The method of claim 6 including the additional
preselected intervals;
step of passing said frequency components through am whereby said organism is trained to increase the energy
plitude sensing means and providing an output signal content in said frequency band of said bioelectrical sig
when and if the amplitude of said frequency compo nal and thereby to control its nervous system.
nents is above a preselected magnitude.
14. A system for controlling the nervous system of a
35
8. The method of claim 1 wherein a preselected mini living organism by altering the waveform pattern of a
mum interval elapses between successive presentations bioelectrical signal generated in its nervous system
comprising:
of said sensory signal or changes in the state thereof.
9. The method of claim wherein said sensory signal
a means electrically responsive to said bioelectrical
is an audio signal whose state is directly related to the 40 signal;
degree to which the alteration of said waveform pattern
b. means for amplifying said bioelectrical signal, said
is achieved, said organism concentrating mentally so as
amplifying means being electrically coupled to said
to change said state in a preselected manner.
responsive means;
10. The method of claim 1 wherein said sensory sig
c. a bandpass filter having an input which is electri
nal is a visual display whose state is directly related to 45 cally coupled to the output of said amplifying
the degree to which the alteration of said waveform is
means, said filter being arranged and constructed
achieved, said organism concentrating mentally so as to
to pass only frequency components which are re
change said state in a preselected manner.
lated to the particular control sought;
11. The method of claim 1 wherein said sensory sig 50 d. means for sensing the duration of said frequency
nal is a combination of visual and audio signals.
components passed by said filter, said duration
12. The method of claim 1 including the additional
sensing means being electrically coupled to the
steps of rectifying and integrating said bioelectrical sig
output of said filter and being arranged and con
nal after it has passed through said bandpass filter.
structed to provide an output signal when and if
13. A method of controlling the nervous system of a 55
said frequencies are present for a preselected mini
living organism by altering the waveform pattern of a
mum duration;
bioelectrical signal generated at a sepcific topological
e, means for detecting the presence of any undesir
location in its nervous system, said waveform pattern
able characteristic of said bioelectrical signal, the
input of said detecting means being electrically
being altered so as to increase the energy content in a
preselected frequency band thereof, comprising the 60 coupled to the output of said amplifying means;
steps of:
f, means for transducing said output signal into a sen
a. detecting said bioelectrical signal at said topologi
sory signal having a preselected duration, said sen
cal location;
sory signal being capable of stimulating at least one
b. passing said bioelectrical signal through a narrow
of the senses of said organism, said transducing
bandpass filter adapted to pass only frequencies 65 means being electrically coupled to the output of
within said frequency band;
said duration sensing means, said sensory signal
c. rectifying said bioelectrical signal;
having discrete states related to the waveform pat
d. integrating said bioelectrical signal;
tern of said bioelectrical signal; and
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g. means for inhibiting the appearance of said output
signal whenever any undesirable characteristic is
detected, the input of said inhibiting means being
electrically coupled to said detecting means and
the output thereof being electrically coupled to
said duration sensing means;

whereby said organism is trained to alter said waveform
pattern of said bioelectrical signal in a desired manner
by concentrating mentally so as to affect the state of

said sensory signal in a preselected way,
O
15. The system of claim 14 wherein said means elec
trically responsive to said bioelectrical signal are elec
trodes adapted to be coupled to said organism.
16. The system of claim 14 wherein said filter is elec
trically coupled to said amplifying means through a 5
precision attenuator adjusted to provide a desired volt
age amplitude.
17. The system of claim 14 wherein said duration
sensing means is electrically coupled to the output of
said filter through serial means for rectifying and inte 20
grating said bioelectrical signal.
18. The system of claim 17 having in addition thereto
a light emitting device electrically coupled to the out
put of said integrating means, the illumination of said
device being proportional to the voltage applied across 25
1t.
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bioelectrical signal generated in its nervous system so
as to increase the energy content in a preselected fre
quency band thereof comprising:
a, electrodes adapted to be coupled to specific topo
logical locations in said organism's nervous system;

b. means for amplifying and attenuating said bioelec
trical signal, said amplifying and attenuating means
being electrically coupled to said electrodes and
adjusted to achieve a desired voltage amplitude;
c. a bandpass filter having an input which is electri
cally coupled to the output of said amplifying and
attenuating means, said filter being arranged and
constructed to pass only frequencies within said
frequency band;
d. means for rectifying and integrating said bioelec
trical signal electrically coupled to the output of
said filter, the output of said rectifying and inte
grating means being unipolar and having a peak
amplitude directly proportional to the amplitude of
the frequency components passed by said filter;
e. means for sensing voltage amplitude electrically
coupled to said rectifying and integrating means,
said amplitude sensing means being arranged and
constructed to provide an output when and if the
amplitude of said frequency components thereof is
above a preselected magnitude;
f, means for sensing the duration of said frequency
components passed by said filter, said duration
sensing means being electrically coupled to the
output of said amplitude sensing means and being
arranged and constructed to provide an output sig
nal when and if said frequencies are present for a
preselected minimum duration;
g, means for detecting the presence of excessively
high amplitudes or spikes in said bioelectrical sig
nal, said detecting means being electrically coupled
to the output of said amplifying means;
h. means for transducing said output signal into a vi
sual display whose state is directly related to the
degree of success in increasing the energy content
in said frequency band of said bioelectrical signal,
said transducing means being electrically coupled
to the output of said duration sensing means;
i, a timing circuit electrically coupled between said
duration sensing means and said transducing
means, said timing circuit being arranged and con

19. The system of claim 14 having in addition thereto
means for sensing voltage amplitude, said amplitude
sensing means being electrically coupled between said
filter and said duration sensing means, said amplitude 30
sensing means being arranged and constructed to pro
vide an output to said duration sensing means when and
if the amplitude of said frequency components is above
a preselected magnitude.
20. The system of claim 14 wherein said undesirable 35
characteristics of said bioelectrical signal include ex
cessively high amplitudes or spikes, and said detecting
means comprises (i) an attenuator; (ii) a very broad
band filter; (iii) means for rectifying; (iv) means for in
tegrating and (v) means for sensing voltage amplitude, 40
said components being electrically coupled in series.
21. The system of claim 14 having in addition thereto
second means for detecting the presence of any unde
sirable signals which may appear together with said bio
electrical signal, the input of said second detecting 45
means being adapted to be electrically coupled to said
organism and the output thereof being electrically cou
pled to said inhibiting means.
structed to control the duration of said visual dis
22. The system of claim 21 wherein said undesirable
play
and the minimum interval between successive
signals include excessively high amplitude EMG signals 50 presentations
or changes in the state thereof, and
attributable to bioelectrical activity in said organism's
muscular apparatus, said second detecting means com
j. means for inhibiting the appearance of said output
prising (i) at least one electrode; (ii) an amplifier; (iii)
signal whenever excessively high amplitudes or
an attenuator; (iv) means for rectifying; (iv) means for
spikes are detected in said bioelectrical signal, the
integrating; and (vi) means for sensing voltage ampli 55 input
of said inhibiting means being electrically
tude, said components being electrically coupled in se
coupled to said detecting means and the output
1S.
thereof being electrically coupled to said duration
23. The system of claim 14 having in addition thereto
sensing means;
a timing circuit adapted to control the minimum inter whereby said organism is trained to increase the energy
val between successive presentations of said sensory 60 of
content in said frequency band of said bioelectrical
signal to said organism.
signal
concentrating mentally so as to change the
24. A system for controlling the nervous system of a state ofbysaid
visual display
in ack preselected
way.
living organism by altering the waveform pattern of a
sk
sk
ck
ck
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