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MULTIFUNCTIONAL CLOSED LOOP
NEURO FEEDBACK STIMULATING DEVICE
AND METHODS THEREOF

FIELD OF THE INVENTION

[0001] The present invention relates to the field of neuro
stimulation and neuro sensing devices and methods that
manipulate, alter or enhance specific brain functions in
real-time according to sensory data.

BACKGROUND OF THE INVENTION

[0002] Electrode systems in the neuromodulation field are
used to transmit electrical signals to a subject, and can be
used to detect or measure signals from the subject. Current
electrode systems for electrical stimulation and/or signal
detection are, however, insufficient for many reasons includ-
ing inadequate contact between the subject and the electrode
(s) of a system, non-robust contact between the subject and
the electrode(s) of a system, subject discomfort while using
an electrode system, and/or limited use within multiple
electrical simulation or bio-signal detection paradigms.
Another problem in this technology is that usually the
equipment is very expensive and it is hard to operate for the
average user. Furthermore, methods of providing electrical
stimulation are also inadequate for many reasons.

[0003] Patent application US20150066104 describes a
method for providing electrical stimulation to a user as a
user performs a set of tasks during a time window, the
method comprising: providing an electrical stimulation
treatment, characterized by a stimulation parameter and a set
of portions, to a brain region of the user in association with
the time window; for each task of the set of tasks: receiving
a signal stream characterizing a neurological state of the
user; from the signal stream, identifying a neurological
signature characterizing the neurological state associated
with the task; and modulating the electrical stimulation
treatment provided to the brain region of the user based upon
the neurological signature, wherein modulating comprises
delivering a portion of the set of portions of the electrical
stimulation treatment to the brain region of the user, while
maintaining an aggregate amount of the stimulation param-
eter of the treatment provided during the time window below
a maximum limit.

[0004] U.S. Pat. No. 8,954,152 discloses methods and
apparatuses for potentiating a favorable brain state that is
associated with relief in symptoms of a brain condition.
Techniques include monitoring one or more brain signals
and detecting an episode of a favorable brain state based on
the one or more brain signals, the favorable brain state
associated with a decrease in one or more symptoms of a
brain condition of the patient. Then, in response to the
detection of the favorable brain state episode, electrical
stimulation that potentiates the favorable brain state is
delivered to the brain of the patient, the electrical stimulation
delivered within a window of time opened for detection of
each favorable brain state episode.

[0005] U.S. Pat. No. 8,914,115 discloses that bioelectrical
brain signals may be monitored at one more regions of the
brain of a patient by a medical device. The monitored
bioelectrical signals may be used to select one or more
therapy cycle parameters, e.g., on cycle duration and/or off
cycle duration, for therapy delivered to treat a patient
disorder. In one example, the off-cycle duration of a therapy
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may be selected based on the washout period determined
from sensed brain signals of the patient following delivery
of therapy during an on cycle. In another example, the
on-cycle duration and/or off cycle duration of a therapy may
be selected to maintain the value of one or more character-
istics of a brain signal (e.g., cortical activity) of patient
within a threshold range of a target value defined for the
characteristic that is associated with effective treatment of
the patient disorder.

[0006] Patent application W(02016179407A1 discloses
methods for modulating bursts of oscillatory brain activity,
such as sleep spindles, in a subject. The invention further
discloses methods of improving memory or cognitive func-
tion in a subject and method of modulating or enhancing the
frequency of occurrence, structure, amplitude, and/or syn-
chronization of sleep spindles in a subject by detecting a
burst of oscillatory brain activity in the subject and passing
an oscillating current through the skull of the subject.
[0007] Patent application WO2016046830A2 discloses a
method of configuring a local brain stimulation tool. The
method comprises: obtaining a reference brain network
activity (BNA) pattern, and a BNA pattern describing a
neurophysiological state of the subject, each of the BNA
patterns having a plurality of nodes and each node repre-
senting a brain location and at least one brain wave fre-
quency. The method further comprises comparing the BNA
patterns; and configuring the local brain stimulation tool to
apply local brain stimulation at a frequency selected based
on the comparison.

[0008] Patent application US20160022168A1 discloses an
apparatus and method for assessing brain plasticity by
measuring electrical brain biomarkers, for example, with a
near real-time analysis of electrical brain biomarkers, where
an increase or decrease in at least one biomarker is indicative
of a state of brain plasticity in response to a stimulus or
treatment. Brain plasticity can be measured with or without
an added stimulus, for example, to determine the best time
for learning. Also provided is a method for treating a
neurological disease or trauma by applying an electrical or
drug stimulus to a patient, where the stimulus is increased or
decreased depending on the changes of electrical brain
biomarker of the patient. This treatment can occur in near
real-time, so a course of treatment can be tailored immedi-
ately to a patient’s needs.

[0009] U.S. Pat. No. 8,267,851 discloses a method to
induce lucid dream in a subject. A brain state entrainment
signal is generated in a circuit. A transducer applies a
waveform of a kind sufficient to cause a lucid dream in the
brain based on the brain state entrainment signal. The brain
state entrainment signal modulates a carrier wave of a higher
frequency than the entrainment frequency. The waveform is
first applied to the subject and thereafter removed to attempt
a lucid dream. The waveform can be electrical, light, sound
or magnetic waveforms.

[0010] Patent application WO2016110804A1 discloses
one or more wearable devices (i.e. attached or applied to
limbs, body, head or other body extremities but also appli-
cable to implanted or physiologically attachable systems).
These systems have a means of enabling diagnostic or
prognostic monitoring applicable to monitoring relevant
parameters and corresponding analysis determination and
characterization applicable to the onset or detection of
events or health conditions of interest. One application
relates to sleep monitoring and associate EEG sensors.
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[0011] While all the patent documents disclosed above
describe some facets of this technology, there is still a need
in the neuromodulation field for a new and useful method
and system for providing stimulation to a user. The present
invention provides means and methods that will help
achieve and maintain results for the average user (in medi-
cal, wellness and recreational fields), and will help enhance
everyday experiences. It is done so by having unique designs
that ensure correct placement of electrodes with simple
instructions, and preset stimulation protocols that are con-
trolled by the user through a designated application.

SUMMARY OF THE INVENTION

[0012] Tt is a scope of the present invention to provide a
brain stimulation system comprising: at least one head
mounted device comprising: at least one stimulation com-
ponent, comprising: at least one digital to analog unit; at
least one driver; at least one first connector; and at least one
first electrode; at least one brain function monitor compo-
nent, comprising: at least one Front-End component; at least
one analog to digital unit; at least one second connector; and
at least one second electrode; at least one power supply unit;
at least one communication unit; at least one microcon-
troller, comprising: at least one processor; at least one
non-transitory computer-readable medium on which are
stored instructions that are executable by said at least one
processor; at least one external device; at least one cloud-
based storing device; wherein said at least one first and said
at least one second electrode do not require any kind of
external conductive wet materials for their performance;
wherein said driver is characterized by an architecture that
provides bidirectional current source having a high DC
precision, a high input common mode range, high accuracy
matched resistors and a wide voltage supply range, thereby
enabling the creation of a variety of stimulation waves
including sinusoidal stimulation waves.

[0013] It is further a scope of the present invention to
provide a brain stimulation system comprising: at least one
head mounted device comprising: at least one stimulation
component, comprising: at least one digital to analog unit; at
least one driver; at least one first connector; and at least one
first electrode; at least one brain function monitor compo-
nent, comprising: at least one Front-End component; at least
one analog to digital unit; at least one second connector; and
at least one second electrode; at least one antenna; at least
one power harvesting module; at least one control umt
comprising: at least one power supply unit; at least one
wireless communication unit; at least one microcontroller,
comprising: at least one processor; at least one non-transi-
tory computer-readable medium on which are stored instruc-
tions that are executable by said at least one processor; at
least one cloud-based storing device; wherein said at least
one first and said at least one second electrode do not require
any kind of external conductive wet materials for their
performance; wherein said driver is characterized by an
architecture that provides bidirectional current source hav-
ing a high DC precision, a high input common mode range,
high accuracy matched resistors and a wide voltage supply
range, thereby enabling the creation of a variety of stimu-
lation waves including sinusoidal stimulation waves.
[0014] It is a scope of the present invention to provide a
brain stimulation device comprising: at least one stimulation
component, comprising: at least one digital to analog unit; at
least one driver; at least one first connector; and at least one
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first electrode; at least one brain function monitor compo-
nent, comprising: at least one Front-End component; at least
one analog to digital unit; at least one second connector; and
at least one second electrode; at least one power supply unit;
at least one communication unit; at least one microcon-
troller, comprising: at least one processor; at least one
non-transitory computer-readable medium on which are
stored protocols and instructions that are executable by said
at least one processor; wherein said at least one first and said
at least one second electrode do not require any kind of
external conductive wet materials for their performance;
wherein said driver is characterized by an architecture that
provides bidirectional current source having a high DC
precision, a high input common mode range, high accuracy
matched resistors and a wide voltage supply range, thereby
enabling the creation of a variety of stimulation waves
including sinusoidal stimulation waves.

[0015] It is further a scope of the present invention to
provide a brain stimulation device comprising: at least one
stimulation component, comprising: at least one digital to
analog unit; at least one driver; at least one first connector;
and at least one first electrode; at least one brain function
monitor component, comprising: at least one Front-End
component; at least one analog to digital unit; at least one
second connector; and at least one second electrode; at least
one antenna; at least one power harvesting module; at least
one control unit comprising: at least one power supply unit;
at least one wireless communication unit; at least one
microcontroller, comprising: at least one processor; at least
one non-transitory computer-readable medium on which are
stored instructions that are executable by said at least one
processor; wherein said at least one first and said at least one
second electrode do not require any kind of external con-
ductive wet materials for their performance; wherein said
driver is characterized by an architecture that provides
bidirectional current source having a high DC precision, a
high input common mode range, high accuracy matched
resistors and a wide voltage supply range, thereby enabling
the creation of a variety of stimulation waves including
sinusoidal stimulation waves.

[0016] It is further a scope of the present invention to
provide any of the aforementioned systems and devices were
said at least one communication unit transfers information to
at least one external device selected from the group con-
sisting of: a cellphone; a tablet; smartwatch; a dedicated
device; a cloud-based device; any combination thereof.
[0017] It is further a scope of the present invention to
provide any of the aforementioned systems and devices were
said at least one stimulation component is selected from the
group consisting of: electrical stimulation electrode; mag-
netic stimulation electrode; infrared stimulation optic fiber;
ultrasound stimulation transducer; sound stimulation device;
light stimulation device; smell stimulation device; any com-
bination thereof.

[0018] It is further a scope of the present invention to
provide any of the aforementioned systems and devices were
said at least one stimulation component further comprises at
least one protection unit.

[0019] Tt is further a scope of the present invention to
provide any of the aforementioned systems and devices were
said at least one communication unit can be either wired or
wireless.

[0020] It is further a scope of the present invention to
provide any of the aforementioned systems and devices were
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said at least one stimulation component stimulates brain
waves selected from the group consisting of: alpha; beta;
gamma; delta; theta; any combination thereof.

[0021] It is further a scope of the present invention to
provide any of the aforementioned systems and devices were
said at least one stimulation component stimulates at waves
having a frequency from about 0.01 Hz to about 5000 Hz.
[0022] It is further a scope of the present invention to
provide any of the aforementioned systems and devices were
said system further comprises at least one sensor. Said at
least one sensor is selected from the group consisting of:
magnetic sensors; heart beat sensor; motion sensor; blood
pressure sensor; tension sensor; infrared sensor; conductiv-
ity sensor; piezoelectric sensor; accelerometer; gyroscope;
any combination thereof.

[0023] It is further a scope of the present invention to
provide any of the aforementioned systems and devices were
said at least one sensor is adapted to sense at least one
selected from the group consisting of: acoustic, sound,
vibration, chemical, electric current, electric potential, mag-
netic, radio, environment, weather, moisture, humidity, flow,
fluid velocity, ionizing radiation, subatomic particles, navi-
gation instruments, position, angle, displacement, distance,
speed, acceleration, optical, light, imaging, photon, pressure,
force, density, level, thermal, heat, temperature, proximity,
presence, biological functions from the group consisting of:
heart rate, EEG, ECG, EMG, EOG, fMRI, movement, eye
movement, arousal, breathing, blood pressure, neurotrans-
mitters, metabolism, and any combination thereof.

[0024] It is further a scope of the present invention to
provide any of the aforementioned systems and devices were
said device is adapted to recognize the positioning of said at
least one sensing component and said at least one stimula-
tion component by means of said at least one sensor.
[0025] It is further a scope of the present invention to
provide any of the aforementioned systems and devices were
said at least one non-transitory computer-readable medium
further comprises instructions to check the correct position-
ing of said at least one head mounted device, said instruc-
tions to check the correct positioning comprise the steps of:
receiving information regarding said positioning of said at
least one sensing component and said at least one stimula-
tion component; comparing said information with a pre-
defined correct localization data; if said information is equal
to said predefined correct localization data, then continue
with instructions; if said information is not equal to said
predefined correct localization data, then provide corrective
positioning instructions to the user.

[0026] It is further a scope of the present invention to
provide any of the aforementioned systems and devices were
said at least one wireless communication unit is selected
from the group consisting of: Wi-Fi; Bluetooth; BLE; RF;
NFC; Audio; Zigbee; any combination thereof.

[0027] It is further a scope of the present invention to
provide any of the aforementioned systems and devices were
said cloud-based device is adapted to collect all data related
and collected from/to said device, said protocols, said
instructions, the users.

[0028] It is further a scope of the present invention to
provide any of the aforementioned systems and devices were
said device is configured to have a form selected from the
group consisting of headband, helmet, watch, pillow filling,
headboard, sleeping mask, shower cap, hat, ring, bracelet,
necklace, implant.
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[0029] Tt is further a scope of the present invention to
provide any of the aforementioned systems and devices were
the purpose of said brain stimulation is to: induce lucid
reality; improve sleep, improve motor performance;
improve learning; enhance gaming activities; improve men-
tal health; any combination thereof.

[0030] It is a scope of the present invention to provide a
method for brain stimulation comprising the steps of: pro-
viding the aforementioned device; mounting said device on
the head of a user; activating the device to perform the
following protocol steps: i. sensing the brain activity; ii.
determining said brain activity and dominant features of said
brain activity; iil. storing the information regarding said
brain activity and said dominant features; iv. starting stimu-
lation according to a predetermined stimulation protocol; v.
sensing if said brain activity has reached the desired brain
activity pattern; vi. if not, changing stimulation parameters
based on the results of step v or based on stored stimulation
parameters history; vii. if yes, then stopping brain stimula-
tion and storing stimulation parameters history; viii. con-
tinuously sensing said brain activity to ensure continuity of
said desired brain activity pattern until end of said protocol;
ix. if said brain activity do not match desired brain activity
pattern; return to step iv.

[0031] It is further a scope of the present invention to
provide the method were said step of starting stimulation is
performed using waves having a frequency from about 0.01
Hz to about 5000 Hz.

[0032] It is further a scope of the present invention to
provide the method were said step of starting stimulation is
performed using brain waves selected from the group con-
sisting of: alpha; beta; gamma; delta; theta; any combination
thereof.

[0033] 1t is further a scope of the present invention to
provide the method were said steps of storing the informa-
tion regarding said brain activity and said dominant features
and storing stimulation parameters history are performed on
at least one external device selected from the group con-
sisting of: a cellphone; a tablet; dedicated device; a cloud-
based device; any combination thereof.

[0034] 1t is further a scope of the present invention to
provide the method further comprising a step of monitoring
biological functions from the group consisting of: heart rate,
EEG, ECG, EMG, EOG, fMRI, movement, eye movement,
arousal, breathing, blood pressure, neurotransmitters,
metabolism.

[0035] Tt is further a scope of the present invention to
provide the method were said predetermined stimulation
protocol are selected from the group consisting of: induce
lucid reality protocol; improve sleep protocol; improve
motor performance protocol; driving protocol; improve
learning protocol; erhance gaming activities protocol;
improve mental health protocol; any combination thereof.
[0036] It is further a scope of the present invention to
provide the method were said induce lucid reality protocol
comprises the steps of: a. analyzing wavelengths that are
relevant for REM activity over 30 seconds’ periods each
time, thereby recognizing REM stage; b. stimulating the
Dorso Lateral Prefrontal Cortex (DLPFC) at about 40 Hz
and about 250 uA, thereby stimulating gamma activity; c.
detecting endogenous change in oscillations in gamma activ-
ity; d. if said endogenous change in oscillations in gamma
activity are as expected then: maintaining stimulation to
maintain said oscillations in gamma activity; stimulating
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with alpha and beta waves, thereby helping maintaining
control and dream recall throughout the lucid dream; e. if
said endogenous change in oscillations in gamma activity
are not as expected then: changing frequency and return to
step (b).

[0037] It is further a scope of the present invention to
provide the method were wherein said improve sleep pro-
tocol comprises the steps of: a. inducing a faster sleep onset
by determining user’s brain activity, stimulating in frequen-
cies equal to the user’s own activity and stimulating in
frequencies that enhance sleep at slow waves from about 3
to about 5 Hz; b. inducing sleep optimization by stimulating
the brain in order to allow the user to spend more time in
slow wave sleep (SWS) and REM, and less time in shallow
sleep by mimicking the user’s own activity said SWS or
REM and stimulating accordingly; c¢. inducing energy
wakeup by stimulating using a gamma based stimulation
thereby helping regain awareness faster after sleep.

[0038] It is further a scope of the present invention to
provide the method were said improve motor performance
protocol comprises the steps of: a. determining level of beta
activity in the user; b. stimulating at about 20 Hz and from
about 200 to about 1500 pA, thereby stimulating beta
activity; c. detecting endogenous change in oscillations in
beta activity; d. if said endogenous change in oscillations in
beta activity are as expected then: maintaining stimulation to
maintain said oscillations in beta activity; e. if said endog-
enous change in oscillations in gamma activity are not as
expected then: changing frequency and return to step (b).

[0039] It is further a scope of the present invention to
provide the method were said improve learning protocol
comprises the steps of: a. determining level of gamma
activity in the user; b. stimulating the Dorso Lateral Pre-
frontal Cortex (DLPFC) from about 40 to about 60 Hz and
about 500 pA, thereby stimulating gamma activity; c. detect-
ing endogenous change in oscillations in gamma activity; d.
if said endogenous change in oscillations in gamma activity
are as expected then: maintaining stimulation to maintain
said oscillations in gamma activity; e. if said endogenous
change in oscillations in gamma activity are not as expected
then: changing frequency and return to step (b).

[0040] It is further a scope of the present invention to
provide the method were said driving protocol comprises the
steps of: a. contemporarily stimulating: the primary visual
cortex (V1) at about 250 pA and about 60 Hz; the right
inferior parietal cortex at about 270 uA and at about 10 Hz;
and the primary motor cortex at about 0.5-1 mA and at from
about 2 to about 5 KHz.

[0041] It is further a scope of the present invention to
provide the method were said enhance gaming activities
protocol comprises the steps of: a. stimulating extrinsic
attention processes by using the user’s brain activity and
increasing user’s endogenous alpha activity with stimula-
tion; b. stimulating V1 site using 60 Hz stimulation; c.
stimulating the motor cortex by giving direct current stimu-
lation (tDCS) and high frequency stimulation from around
1000 to about 2000 Hz.; d. stimulating frontal and motor
cortex from about 60 to about 90 Hz to improve reaction
times in said user.

[0042] It is further a scope of the present invention to
provide the method were said induce improve mental health
protocol comprises the steps of: a. measuring said user’s
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brain activity; b. recognizing anomalies in brain activity;
and c. stimulating in order to bring said brain activity to a
normal baseline.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] Non-limiting embodiments of the present invention
will be described by way of example with reference to the
accompanying figures, which are schematic and are not
intended to be drawn to scale. In the figures, each identical
or nearly identical component illustrated is typically repre-
sented by a single numeral. For purposes of clarity, not every
component is labeled in every figure, nor is every compo-
nent of each embodiment of the invention shown where
illustration is not necessary to allow those of ordinary skill
in the art to understand the invention. In the figures:
[0044] FIG. 1 is one generic embodiment of the head
device of the present invention.

[0045] FIG. 2 is another generic embodiment of the head
device present invention.

[0046] FIGS. 3, 4 and 5 are schematic representations of
embodiments of the components of the present invention.
[0047] FIG. 6 is a schematic representation of the con-
figuration of the driver of the present invention.

[0048] FIG. 7 is a schematic representation of the con-
figuration of the power supply unit of the present invention.
[0049] FIG. 8 are schematic embodiments of dry elec-
trodes of the present invention.

[0050] FIGS. 9 and 10 are flowcharts of methods of the
present invention.

[0051] FIG. 11 is a schematic representation of the loca-
tion of the stimulation points on the user’s head.

[0052] FIG. 12 is a schematic representation of two waves
having different frequencies riding on each other.

DETAIL DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0053] The present invention is explained in greater detail
below. This description is not intended to be a detailed
catalog of all the different ways in which the invention may
be implemented or of all the features that may be added to
the instant invention. For example, features illustrated with
respect to one embodiment may be incorporated into other
embodiments, and features illustrated with respect to a
particular embodiment may be deleted from that embodi-
ment. In addition, numerous variations and additions to the
various embodiments suggested herein, which do not depart
from the instant invention, will be apparent to those skilled
in the art in light of the instant disclosure. Hence, the
following specification is intended to illustrate some pat-
ticular embodiments of the invention, and not to exhaus-
tively specify all permutations, combinations and variations
thereof.

[0054] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of skill in the art to which this invention
belongs. The terminology used in the description of the
invention herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the
invention. All publications, patent applications, patents, pat-
ent publications and other references cited herein are incor-
porated by reference in their entireties for the teachings
relevant to the sentence and/or paragraph in which the
reference is presented.
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[0055] Tt will be understood that when an element or layer

is referred to as being “on”, “attached to”, “connected to”,
“coupled t0”, “coupled with” or “contacting” another ele-
ment or layer, it can be directly on, connected or coupled to
the other element or layer or intervening elements or layers
may be present. In contrast, when an element is referred to
as being “directly on,” “directly connected to” or “directly
coupled to” another element or layer. there are no interven-
ing elements or layers present. It will also be appreciated by
those of skill in the art that references to a structure or
feature that is disposed “adjacent” another structure or
feature may have portions that overlap or underlie the
adjacent structure or feature.

[0056] As will be appreciated by one skilled in the art,
aspects of the present invention may be embodied in hard-
ware and/or software (including firmware, resident software,
micro-code, etc.). Accordingly, aspects of the present inven-
tion may be illustrated and described herein with respect to
various combinations of hardware/software referred to as
circuits, modules, devices and/or systems. In some embodi-
ments, aspects of the present invention may take the form of
a computer program product on a computer-usable or com-
puter-readable medium having computer-usable or com-
puter-readable program code embodied therein.

[0057] Any suitable computer-usable or computer-read-
able media may be used, including, but not limited to,
computer-usable or computer-readable media signal media
and computer-usable or computer-readable storage media.
[0058] In some embodiments, aspects of the present
invention take the form of a computer program product on
a computer-usable or computer-readable storage medium
(e.g., a non-transient computer-usable or computer-readable
storage medium) having computer-usable or computer-read-
able program code embodied in the medium for use by or in
connection with an instruction execution system. A com-
puter-usable or computer-readable storage medium may be
any tangible medium that can contain and/or store the
program for use by or in connection with the instruction
execution system, apparatus or device. For example, the
computer-usable or computer-readable storage medium may
be an electronic, optical, electromagnetic, infrared or semi-
conductor system, apparatus or device or any suitable com-
bination thereof. Accordingly, in some embodiments,
aspects of the present invention are embodied in portable
computer diskette, a hard disk, a random-access memory
(RAM), a read-only memory (ROM), an erasable program-
mable read-only memory (EPROM or Flash memory), an
optical fiber with a repeater, a portable compact disc read-
only memory (CD-ROM), an optical storage device, a
magnetic storage device or any suitable combination
thereof.

[0059] In some embodiments, aspects of the present
invention take the form of a computer program product on
a computer-usable or computer-readable signal medium
having computer-usable or computer-readable program code
embodied in the medium for use by or in connection with an
instruction execution system. A computer-usable or com-
puter-readable signal medium may be any computer-usable
or computer-readable medium that is not a computer-usable
or computer-readable storage medium and that can commu-
nicate, propagate and/or transport a program for use by or in
connection with the instruction execution system, apparatus
or device. A computer-usable or computer-readable signal
medium may comprise a propagated data signal with com-
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puter-usable or computer-readable program code embodied
therein. For example, the computer-usable or computer-
readable signal medium may comprise computer-usable or
computer-readable program code embodied in a baseband or
carrier wave. The propagated data signal may take any
suitable form, including, but not limited to electro-magnetic
and optical. The propagated data signal may be communi-
cated, propagated and/or transmitted using any suitable
medium, including, but not limited to, wired and wireless
communications channels. Accordingly, in some embodi-
ments, aspects of the present invention are embodied in a
computer-usable or computer-readable signal medium that is
transmitted over a LAN, the Internet, a public telephone
switching network, Bluetooth, WLAN or any suitable com-
bination thereof.

[0060] Computer program code for carrying out opera-
tions for aspects of the present invention may be written in
any combination of one or more programming languages,
including an object oriented programming language such as
Java, Scala, Smalltalk, Eiffel, JADE, Emerald, C++, C #,
VB.NET, Python or the like, conventional procedural pro-
gramming languages, such as the “C” programming lan-
guage, Visual Basic, Fortran 2003, Perl, COBOL 2002, PHP,
ABAP, dynamic programming languages such as Python,
Ruby and Groovy, or other programming languages. The
program code may execute entirely on the user’s computer
(e.g., entirely on an evaluation portal), partly on the user’s
computer (e.g., partly on an evaluation portal), as a stand-
alone software package, partly on the user’s computer and
partly on a remote computer (e.g., partly on an evaluation
portal and partly on an evaluation hub) or entirely on the
remote computer or server (e.g., entirely on an evaluation
hub). In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider) or in a cloud computing
environment or offered as a service such as a Software as a
Service (SaaS).

[0061] As used herein, the singular forms “a”, “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise.

[0062] As used herein, the term “about,” when used in
reference to a measurable value such as an amount of mass,
dose, time, temperature, and the like, is meant to encompass
variations of +20% of the specified amount.

[0063] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed

items.

[0064] As used herein, the terms “comprise,” “comprises,”
“comprising,” “include,” “includes” and “including” specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups

thereof.

[0065] As used herein, the terms “enhance” and “increase”
(and grammatical variants thereof) refer to an increase in the
specified parameter of at least about 1%, 2%, 3%, 4%, 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 100%, 125%,
150%, 175%, 200%, 250%, 300% or more.

354
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[0066] As used herein, the terms “inhibit” and “decrease”
(and grammatical variants thereof) refer to a decrease in the
specified parameter of at least about 1%, 2%, 3%, 4%, 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%. 95%, 99% or more.

[0067] As used herein, the term “subject” or “user” refers
to both human subjects and animal subjects, including, but
not limited to, mice, rats, rabbits, cats, dogs, pigs, horses,
monkeys, apes, etc. The subject may be male or female. The
subject may be of any suitable age, including infant, juve-
nile, adolescent, adult and geriatric ages. In some embodi-
ments, the methods, devices and systems of the present
invention may be used to induce physiological and/or psy-
chological responses in a subject for medically diagnostic
and/or therapeutic purposes. For example, the methods,
devices and systems of the present invention may be used to
diagnose and/or treat mammalian subjects, such as mice,
rats, pigs and monkeys, for medical research or veterinary
purposes.

[0068] As used herein, the term “sensor(s)” refers to a
sensor from the following types: acoustic. sound, vibration,
automotive, transportation, chemical, electric current, elec-
tric potential, magnetic, radio, environment, weather, mois-
ture, humidity, flow, fluid velocity, ionizing radiation, sub-
atomic particles, navigation instruments, position, angle,
displacement, distance, speed, acceleration, optical, light,
imaging, photon, pressure, force, density, level, thermal,
heat, temperature, proximity, presence.

[0069] The term “brain function monitors” refers herein-
after to any sensor means that can monitor the brain function
of the user, like EEG sensing electrodes.

[0070] Neural oscillations are observed throughout the
central nervous system at all levels, and include spike trains,
local field potentials and large-scale oscillations which can
be measured by electroencephalography (EEG). In general,
oscillations can be characterized by their frequency, ampli-
tude and phase. These signal properties can be extracted
from neural recordings using time-frequency analysis. In
large-scale oscillations, amplitude changes are considered to
result from changes in synchronization within a neural
ensemble, also referred to as local synchronization. In
addition to local synchronization, oscillatory activity of
distant neural structures (single neurons or neural
ensembles) can synchronize. Neural oscillations and syn-
chronization have been linked to many cognitive functions
such as information transfer, perception, motor control and
memory.

[0071] Neural oscillations have been most widely studied
in neural activity generated by large groups of neurons.
Large-scale activity can be measured by techniques such as
EEG. In general, EEG signals have a broad spectral content
similar to pink noise, but also reveal oscillatory activity in
specific frequency bands. The first discovered and best-
known frequency band is alpha activity (7.5-12.5 Hz) that
can be detected from the occipital lobe during relaxed
wakefulness and which increases when the eyes are closed.
Other frequency bands are: delta (1-4 Hz), theta (4-8 Hz),
beta (13-30 Hz) and gamma (30-70 Hz) frequency band,
where faster rhythms such as gamma activity have been
linked to cognitive processing. Indeed, EEG signals change
dramatically during sleep and show a transition from faster
frequencies to increasingly slower frequencies such as alpha
waves. In fact, different sleep stages are commonly charac-
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terized by their spectral content. Consequently, neural oscil-
lations have been linked to cognitive states, such as aware-
ness and consciousness.

[0072] Although neural oscillations in human brain activ-
ity are mostly investigated using EEG recordings, they are
also observed using more invasive recording techniques
such as single-unit recordings. Neurons can generate rhyth-
mic patterns of action potentials or spikes. Some types of
neurons have the tendency to fire at particular frequencies,
so-called resonators. Bursting is another form of rhythmic
spiking. Spiking patterns are considered fundamental for
information coding in the brain. Oscillatory activity can also
be observed in the form of subthreshold membrane potential
oscillations (i.e. in the absence of action potentials). If
numerous neurons spike in synchrony, they can give rise to
oscillations in local field potentials. Quantitative models can
estimate the strength of neural oscillations in recorded data.

[0073] Neural oscillations are commonly studied from a
mathematical framework and belong to the field of “neuro-
dynamics”, an area of research in the cognitive sciences that
places a strong focus upon the dynamic character of neural
activity in describing brain function. It considers the brain a
dynamical system and uses differential equations to describe
how neural activity evolves over time. In particular, it aims
to relate dynamic patterns of brain activity to cognitive
functions such as perception and memory. In very abstract
form, neural oscillations can be analyzed analytically. When
studied in a more physiologically realistic setting, oscilla-
tory activity is generally studied using computer simulations
of a computational model.

[0074] The functions of neural oscillations are wide rang-
ing and vary for different types of oscillatory activity.
Examples are the generation of rhythmic activity such as a
heartbeat and the neural binding of sensory features in
perception, such as the shape and color of an object. Neural
oscillations also play an important role in many neurological
disorders, such as excessive synchronization during seizure
activity in epilepsy or tremor in patients with Parkinson’s
disease. Oscillatory activity can also be used to control
external devices in brain-computer interfaces, in which
subjects can control an external device by changing the
amplitude of particular brain rhythmics.

The Device

[0075] It is one scope of the present invention to provide
a device that is cheap, lightweight, compact and easily
activated. The device further comprises the capabilities to be
connected or integrated to additional elements in order to
achieve more or distinct functions.

[0076] In general, for the device to function properly it
must comprise: at least one stimulator, at least one detector
(or sensor) and at least one electrical board with its proper
components (see below).

[0077] The present invention provides at least two pos-
sible embodiments for the device:

[0078] 1. A head device comprising all the necessary
components.
[0079] 2. A head device comprising only stimulators

and brain function monitors.
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All-Equipped Headband

[0080] The building blocks of the device are:

[0081] 1. Electronic circuit that performs data process-
ing, wireless/wired communication, comprises electri-
cal driver circuits, comprises low noise receiver ampli-
flers.

[0082] 2. Battery Pack comprising regular or recharge-
able batteries to power up the system.

[0083] 3. Stimulation electrodes.
[0084] 4. EEG sensing electrodes.
[0085] In some embodiments of the present invention, the

device comprises several electrodes that are placed in a
casing that can be worn by the user on his head. The
invention discloses a smart head band used to generate and
record neural waveforms.

[0086] Referring now to FIG. 1, showing an exemplary
embodiment of the head band of the invention. The head
band 1000, comprises mainly an electrical board 1001 and
a series of electrodes 1002. In this embodiment, there are
eight electrodes. It will be obvious to a person having
ordinary skill in the art that other configurations of elec-
trodes can be made depending on the zone of the brain that
needs to be stimulated and monitored.

[0087] The head band is configured to fit robustly and
securely on the head of the user. The head band is designed
to be worn for long period of time, comfortably.

[0088] In several embodiments, the head band further
comprises EEG sensing electrodes (a.k.a. brain function
monitors) (not shown).

[0089] Referring now to FIG. 2, showing another exem-
plary embodiment of the device of the present invention.
The device 2000, comprises several legs 1003 all connected
to a center piece comprising the electrical board 1001. Along
each leg 1003, several electrodes 1002 are distributed, either
at equal distances or at variable distances. Each electrode
1002 can be activated independently of the other. Near each
electrode 1002, there is also a sensor (not shown) capable of
receiving information from the user (see below).

Advanced Sensing

[0090] In order to achieve a robust and user-friendly
system, new types of electrodes are integrated with the
system. One option is detecting the small currents that are
usually detected with an EEG by using a capacitor with a
local amplifier, which will be able to detect those signals
even without direct contact with the skin. Another option is
to use coils that will be able to detect the changes in the
magnetic field (which give good indications on the electric
activity in those areas). Yet another option is to use con-
ducting polymers or conductive rubbers that can be molded
in a shape of a soft comb, and that way they will be able to
penetrate hair and have direct contact to the skin.

[0091] In a preferred embodiment, the sensors can com-
municate to each other in order to “sense” their location
from each other. Using one (or more) points of reference, the
device can communicate the user that one (or more) legs are
not in the correct position.

[0092] Referring now to FIG. 3, showing in detail one
embodiment of the electronic board 100 of present inven-
tion. In this example, the electronic board 100 is separated
from the battery 30. In other embodiments, the battery 30
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can be included inside the electric board 100. In several
embodiments, wireless charging is used and a dedicated
power accumulator is used.

[0093] The electric board 100 comprises a power supply
unit and power regulator 10 that enables power to all the
components of the board. A microcontroller 11 comprising
one or more CPUs (processor cores) along with memory and
programmable input/output peripherals. It can also comprise
program memory in the form of Ferroelectric RAM, NOR
flash or OTP ROM on the chip, as well as a small amount
of RAM. All the components of the electrical board 100 are
connected to the microcontroller 11.

[0094] The microcontroller 11 is connected to a Digital-
to-Analog Converter (D2A—12). The D2A 12 converts the
digital command from the microcontroller 11 to an analog
signal for the stimulation electrodes 16. A series of inde-
pendent lines come out from the D2A 12 to specific drivers
13 via a surge protection 14 to the connectors 15 for the
stimulation electrodes 16. As a monitoring measure, infor-
mation/telemetry is collected from the drivers 13 and sent
through an Analog-to-Digital Converter (A2D—17) back to
the microcontroller 11.

[0095] The microcontroller 11 is also coupled to a EEG
Front End 18 capable of analyzing received signals. EEG
Front End 18 is then coupled to a Front End 19 enabled to
convert analog signals to digital ones and amplify said
signals, and finally to the connectors 20 of the brain function
monitor electrodes 21.

[0096] The microcontroller 11 is further coupled to a
Wi-Fi/Bluetooth/BLE (or any other wireless communication
component) digital unit 22, which is then connected to a
Wi-Fi/Bluetooth analog unit 23, which is finally connected
to an antenna 24.

[0097] Lastly, the microcontroller 11 is connected to a
USB connector 25 which enables the control, update, debug-
ging of the system when necessary. In some embodiments,
instead of using a USB connector, control, update, debug-
ging of the system can be done through wireless commu-
nication components.

[0098] In some embodiments, the device may communi-
cate directly to the cloud without the need of an external
device.

[0099] In general, the device stimulates in different amps
(e.g.: 0.01 mA-5 mA) and frequencies (e.g.: 0.001 Hz-250
kHz) that can change/enhance/decrease specific skills,
senses or capacities of the user.

[0100] The device is composed of detachable sensing
elements which detect bio activity (e.g.: EEG, heart rate,
EOG, etc.) and stimulating elements (e.g.: electrodes) that
stimulate distinct parts of the brain. Other parts may be
integrated with the device in order to give additional func-
tions, such as other stimulation/recording (like earphones for
audio stimulation) apparatus that does not target the brain,
protective gear that can provide additional protection for
different conditions (like athletes using it while practicing
and need it to be more stable on them).

[0101] The device may have many forms, some are wear-
able and some are not, for example: headband, helmet,
watch, pillow filling, headboard, sleeping mask, shower cap,
hat, ring, bracelet, necklace, internal device (implant: elec-
trode array on your brain, artificial tooth, etc.).

[0102] The device is adapted to be a lightweight wearable
system that works on batteries and run up to several hours
straight.
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[0103] The device may have an external charger that may
have additional features, such as firmware upgrade.

Headband Comprising Only Stimulators and Brain Function
Monitors

[0104] In another embodiment of the present invention,
the headband comprises mainly stimulators, brain function
monitors and minimal supportive hardware (i.e.: wireless
components, microcontroller, power supply adaptor, etc.).
[0105] The idea is to provide a device that is extremely
light and comfortable to wear. The device has a support
apparatus where the main commands will be performed.
Said support apparatus may be a dedicated “black box” or a
mobile device. Further in this embodiment, the headband
may not comprise a built-in battery.

[0106] In this embodiment, the headband receives instruc-
tions from the external device to stimulate the subject
according to a protocol included in the external device. The
headband receives the information from the brain function
monitors and delivers them back to the external device for
analysis. The external device performs the analysis and
deliver back to the headband further stimulation instruc-
tions, if necessary.

[0107] The external device communicates directly to the
cloud to deliver and receive pertinent information.

[0108] Referring now to FIG. 4, showing schematically
the parts of the embodiment 200. The control unit 201
comprises a power supply 10 which provides the required
energy to the whole system. It also comprises a micro-
controller 11 which coordinates and activates the action of
the device. A USB connector 25 is also included. The
micro-controller 11 is connected to a wireless frontend 31,
which is then connected to a driver 13 and then to an antenna
24'h. The antenna 24'b is used to deliver energy and instruc-
tions to the stimulation electrode unit 202 via the antenna
24'52. The energy is delivered to the power harvesting
module 10', which is responsible for providing the required
energy to the stimulation electrode unit 202. An analog
demodulator 33 is connected to the antenna 24'62. A similar
driver 13 is placed after the analog demodulator 33. Then a
protection unit 14 and finally the electrode 16. The sensing
electrode 203 unit comprises the electrode 21, which is
connected to an amplifier 32, then to another analog
demodulator 33. The information is transmitted via the
antenna 24'a2. The sensing electrode unit 203 receives its
energy via the antenna 24'a3, and it is stored in the power
harvesting module 10'. The information delivered from the
sensing electrode unit 203 is received by the antenna 24'a
and then amplified by the amplifier 32, passed through
another wireless frontend 31 to the micro-controller for
analysis. The control unit 201 further comprises Wi-Fi/BT
(or similar) digital unit which receives/delivers information
from/to the micro-controller 11 via a Wi-Fi/BT (or similar)
analog unit, which is connected to an antenna 24 for
transmission/reception.

[0109] Referring now to FIG. 5 showing another embodi-
ment of the present invention. The device 300 comprises
mainly two parts: the headband comprising only stimulators
and brain function monitors 302; and a control unit 301. The
components are the same as before, just the stimulation
electrode unit 202 and the sensing electrode unit 203 are
now united in one component 302. Since both units are
together, they also share components, like: the analog
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demodulator 33, the antennas: 24'cl for data transfer and
24'¢c2 for energy transfer, and the power harvesting module
10'.

[0110] The following table described the difference
between the two embodiments:

Embodiment

All-equipped Stimulator and External

Characteristic headband sensors only  device

Stimulation X X

Sensor X X

Microprocessor X X

activation protocol of stimulator X X

sending/receiving sensor X X X

information

analyzing received data

sending information to cloud X X

receiving information from X X

cloud

calculation of algorithms X X
X X

Battery X X

The Drivers 13

[0111] When performing a transcranial alternating current
stimulation (tACS), the device emulates the brain’s current
flow by imposing external electrical forces on it through the
skull. Transcranial direct current stimulation works by send-
ing constant/alternating low current through the electrodes.
The alternating sinusoidal current is applied in the region of
interest, inducing intracerebral current flow. This current
flow then either increases or decreases the neuronal excit-
ability in the specific area being stimulated based on which
type of stimulation is being used.

[0112] The emissions from a tACS device can be thought
of as the supply of current to a load, like a resistor. The
difference from this reductive analogy to reality is the
resistance of the ‘load’, or the users head, will actually
change in resistance over time. The moisture of the electrode
pads (if saline-soaked pads are used), the hydration level of
the participant, the humidity of the weather and electrode
contact can skew the required voltage required.

[0113] Basic specifications of the device are as follows:
[0114] High precision low rate Digital-to-Analog (D2A):
Resolution>18 bit, Sampling rate>10 MSps.

[0115] Bi-directional alternating current driver: Current
sourcing range: 50 uA: £2 mA, Supply voltage range 10V:
30V, High common-mode rejection ratio (CMRR).

[0116] The innovative driver disclosed in the present
invention respond to the unique requirements of the present
invention’s device: Bi-directional current source/sink capa-
bilities, Accurate and robust operation for very low currents
and high voltages (high impedance load), Low power and
size and Safety.

[0117] The present invention discloses a modified version
of the Howland current pump circuit. The Howland current
pump is a popular bioelectrical circuit, useful for delivering
precise electrical currents. In applications requiring high
precision delivery of alternating current to biological loads
(i.e.: Electrical Impedance Tomography (EIT), Electroder-
mal activity (EDA)), the output impedance of the Howland
is a critical figure of merit that limits the precision of the
delivered current when the load changes.
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[0118] The driver of the present invention is further char-
acterized by:

[0119] High DC precision

[0120] Very high input common mode range

[0121] Integrated matched resistors

[0122] Wide voltage supply range (up to 50V) to sup-

port various electrode technologies.

[0123] In several embodiments of the present invention
the driver is characterized by an architecture that provides
bidirectional current source having a high DC precision, a
high input common mode range, high accuracy matched
resistors and a wide voltage supply range, thereby enabling
the creation of a variety of stimulation waves including
sinusoidal stimulation waves.

[0124] Referring now to FIG. 6, showing a schematic
representation of the driver configuration of the present
invention. The number disclosed are the same as presented
in FIG. 3. FIG. 6 shows the microcontroller 11 connected to
a D2A 12 to the driver 13 of the present invention. It will be
obvious that other schematics configurations can used to
achieve the same result. The Schematic representation of the
driver is brought to bring light to the design for people
having skill in the art.

[0125] The driver 13, operates as a voltage controlled
current source and comprises an operational amplifier 40.
An inverting input 41 is coupled through a resistor 42 to a
ground 43. A noninverting input 44 is coupled through a
resistor 45 to an inner-only DC block 46 signal input voltage
source provided by the microcontroller 11 via the D2A 12.
An output 47 is coupled through a feedback resistor 48 to
inverting input 41. Current through a variable resistor 49
defines an output current sent through a series of feedback
resistors and to the load (the head of the user) via a banana
socket 56, on which the electrodes are connected. Resistors
complex 50-51-52 are connected to noninverting input 44,
resistor 53 directly from the banana socket 56 also to the
noninverting input 44, resistors complex 50-51-52 further
connected to resistor 54 to the DC block 46 and a ground 55.
Resistors complex 57-58-59 are connected to inverting input
41 and to a ground 60. The Driver 13 is a differential
amplifier which senses both input signal and feedback
differentially. Input resistors are closely resistance matched.
Feedback resistors are closely resistance matched. Alterna-
tive current source drivers, such as fully integrated drivers
with inherent resistor matching, are contemplated.

[0126] In the driver of the present invention, resistors
values may be selected to comply with the following for-
mula:

Resistor 48 Resistor 53
Resistor 42 ~ Resistor 45

[0127] And then:

_ Voltage in 41 - Voltage in 44
= Resistor 45
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[0128] 1In a specific case: Resistor 42=Resistor 48=Resis-
tor 45=Resistor 53=R and Voltage in 41=0V, we get:

Voltage in 44
Iz = T

[0129] In the present invention, the voltage of Voltage in
44 is the output of the D2A 12.

The Power Supply Units 13

[0130] Power supply units are well-known in the art.
Referring to FIG. 7 showing a schematic representation of
one embodiment of power unit 10 of the present invention.
In this example, the circuit is based on low voltage 9V
batteries, assuring no high voltage can be applied to the user
and making the system safe to use, even in case of hardware
failure.

Monitoring

[0131] The device is adapted to monitor biological func-
tions such as (but not only) HR, EEG, ECG, EMG, EOG,
fMRI, NIRS, RF, infra-red, motion sensors, ultrasound, eye
movement, arousal, breathing, blood pressure, real-time
chemical activity in the brain (neurotransmitters, metabo-
lism).

[0132] It will be obvious to a person having ordinary skill
in the art, that each biological function requires a specific
sensor, which is configured to be part of the device (either
wearable or not).

[0133] All the elements are connected to the microcon-
troller unit 11. The microcontroller records and analyzes the
data that is received through the elements. In some embodi-
ments, the data can be sent to the cloud to a database.
[0134] The data collected in the cloud is used find abnor-
malities through big data analysis in some users and suggest
treatment. In some embodiments, the user will receive
notification of said abnormalities and will receive recom-
mendations through the user app.

Induction

[0135] The device is adapted to induce certain stimuli such
as (but not only) electric current, magnetic field, lights,
sounds, smells, ultrasound, vibrations, administration of
liquid (external/internal) such as neurotransmitters, sub-
stances which have biological functions, air flow (5 sense
stimuli).

[0136] The invention discloses special electrodes that are
designed to achieve monitoring and induction in the best
optimal way.

[0137] The inducer might be a standalone unit that could
fit different types of EEGs or other wearable/stationery
devices.

Dry Electrodes

[0138] In order to induce electric stimulation, that can
affect the brain, there is a need for low resistance electrodes
that can transfer the current directly to the scalp. Usually this
is achieved by using some sort of conductive gel or saline.
In one embodiment of the present invention, the electrodes
of the present invention are made of tiny little metal pins,
with a spring in the middle of each one, this way even if they
are not pressed against a flat surface, they all still have a
contact point with the scalp. These pins can also penetrate
hair, as they are thin enough to reach the scalp between the
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hairs. Moreover, the surface that all the pins are connected
to, is conductive and flexible, assuring maximum connec-
tivity.

[0139] Inapreferred embodiment of the present invention,
the stimulation electrodes are novel dry electrodes, that do
not require any kind of external conductive wet materials for
their performance.

[0140] Referring now to FIG. 8 showing several embodi-
ments of the dry electrodes 700 of the present invention.

[0141] In one embodiment, the dry electrode 701 com-
prises a flexible base with a flexible pin 702 array. This
structure helps get through hair and stimulates the scalp
without the need for saline or conductive cremes. As can be
seen, the architecture mechanism of each pin 702 comprises
a base 703, a stimulation coil 704 and a cover 705. It is
obvious for a person having skill in the art that different
configurations of the flexible base and the flexible pins are
possible.

[0142] In another embodiment, the dry electrode is in the
form of a sticky pad 706 with both stimulation 707 and brain
monitoring 708 abilities.

[0143] In another embodiments, the dry electrodes are
configured as a flat electrode 709 with both stimulation 707
and brain function monitoring 708 abilities. Since the elec-
trode is flat, the dry electrode comprises capacitance sensors
that can detect minor electrical changes on the scalp’s
surface. And yet in another embodiment, the dry electrodes
are configured as a flat electrode with little flexible bristles
710 that allow it to get through hair better and touch the
scalp itself.

[0144] In all embodiments, the dry electrodes may further
comprise a built-in antenna and a processor for use as
wireless stimulators/brain function monitoring. Several of
these units can be placed in different locations in order to
change the stimulation patters. Each unit may be activated
individually and in an unique way.

Stimulation Unit

[0145] The stimulation itself can be induced in many
different ways. AC current is a simple solution but requires
physical contact and good conductivity in order for the
current to pass through. The principal behind it is that a
change in the electric potential of the tissue in the area under
the electrode will increase the probability of the cells to fire
in those peaks (alternating current has peaks and troughs),
and eventually the cells will synchronize at the specific
frequency. A different method involves infrared stimulation
which will activate light-activated ion channels in the neu-
ron cell membrane, thus creating activity in the desired
area/frequency. Infrared stimulation is effective because it
does not require contact with the skin in order to pass
through, and it can even penetrate the skull and affect very
specific tissue. Another way for Infrared stimulation to
work, is by mildly heating the desired area—which leads to
an increased chance of the neurons in that area to fire, and
in specific rhythms, this will cause similar results to tran-
scranial alternating current stimulation (tACS). Using that
logic, ultrasound stimulation could also work—for heating
the target tissue could cause the same desired effect. Lastly
Magnetic stimulation can also work the same as it induces
a magnetic field that affects the cells in a similar way.
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Control—Microcontroller

[0146] The microcontroller manages the process and inte-
grates the parts that the device uses.

Processing/Analyzing

[0147] Raw data is processed on three different levels:
[0148] 1. Real-time collected data

[0149] Essential for the correct functionality of the
system, specific data needs to be gathered through
the monitoring and processing in a way that can be
analyzed in real-time to determine the current state
of the user, therefore allowing the microcontroller to
start the induction at the right time. The state of the
user is determined by his environment and by his
physiological state.

[0150] 2. User data

[0151] Certain data is processed so that it could be
viewed by the user. This could be more visual (i.e.
graphs and charts), as well as Lucid score. Lucid
score is devised by measuring brain activity of a
non-lucid dream in a specific user. An automatic
comparison of specific wavebands power ratio (~40/
25/33 Hz) is scoring the user’s current lucid expe-
rience. There is also a possibility of taking into
account the subjective report of the user about the
expetierice to some extent.

[0152] According to the data acquired and user pro-
file, the system creates personalized system recom-
mendations for the user. The purpose of the recom-
mendations is achieving the selected goal. Therefore,
changes in the protocol may be in frequency of use,
frequency of stimulation, type of stimulation, etc.

[0153] 3. Mass user data

[0154] The data collected from all the users can be
analyzed at greater scale in order extract useful data
for different fields, such as:

[0155] Medical—To find anomalies or pathologies
that could be identified and treated.

[0156] Device improvement—To improve the pro-
cess of the product and increase its efficiency.
[0157] Other—Data that is useful for marketing

purposes, recommendations based on preferences
etc.

Transmission of Data in the Device

[0158] As mentioned before, data may be transferred to
and from the device to a user handled device such as (but not
only): Smartphone, smartwatch, tablet, PC, MAC, in order
to be used by the User-app. Data also goes back and forth
between the device and a cloud service, as well as the
User-app. System updates or repairs are also transferred
between the device and an external platform. Communica-
tion could be wired or wireless through (but not only) Wi-Fi,
Bluetooth, BLE, RE, NFC, audio, Zigbee, or any combina-
tion thereof. In some embodiments, the device itself trans-
mits data directly to the cloud.

[0159] Data can be transferred between the device and
external add-ons (software, hardware, or any other).

User Profile

[0160] The Device has different settings for different users
based on their habits, brain activity patterns, frequency of
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use, and biological data. Personal preferences and user
defined settings also affect stimulation protocols. Different
monitoring or stimuli programs can be applied to different
users—using the system has memory of the progress of each
user, and adapted algorithms that apply to that specific user.

Device Form Factor as a Phone Accessory

[0161] The entire device can be an accessory for a smart-
phone. It can draw its power by wire or wirelessly from the
phone’s battery, while communicating with the device in a
more efficient way, and minimizing the weight and size of
the device as it does not need battery or charging abilities.
In this form, the device can also comprise several different
stickers/clips that have electrodes on them, and come as
separate units but sync with the smartphone and each other
through Bluetooth/Wi-Fi/BLE.

User-App

[0162] User app may include (but not only) visualization
of statistics (vital signs, sleep cycles), optional stimuli/non-
stimuli programs, process management, gamification of the
process, rankings amongst other users, contact to different
entities (like marketing, medical needs), sleep quality, lucid
dream advancement. User’s reports will help with improv-
ing and keeping track of the user’s achievements.

[0163] Baseline/ongoing Test—Lucid test.

[0164] Configuration (wireless network, email notifica-

tions).

[0165] Secure algorithm upgrade process.

VR Accessory

[0166] The system itself can be integrated on top of an
existing AR/VR gear in order to give the user a complete
experience. For example, if the purpose of the user it to
engage in physiotherapy through VR then the system can
induce the stimulation to the motor cortex that will shorten
recovery times in cases of physiotherapy after injury, and
make the therapy faster and more efficient. Another
example—if the user is using the VR gear in order to play
a game, the device can stimulate the Somatosensory cortex
in order to give the user sensory input that will make the
experience more realistic and/or stimulate the vestibular
nerve in order to give the user the feeling of movement—
thus enhancing the experience and lowering the adverse side
effects that are related to movement altogether (like head-
aches, dizziness, etc.)

Calibration Test

[0167] In order to optimize the system, the electrodes of
the device need to be on the correct locations. In order to do
that, reference points that are easy for the user to find, are
marked and the rest of the electrodes are then aligned with
the help of the user and a positioning system that has a visual
guidance on the app. The device can use tension sensors that
measure the total circumference of the head, and the distance
between the electrodes themselves, in order to determine the
distance from the reference electrode to the other electrodes
and then that distance can be adjusted by the user, to position
it correctly on top of the relevant area.

[0168] Another method for ensuring the correct position-
ing of the device on the head of the user is performed by
creating a special stimulation mesh on the headband. Every
part of the mesh is adapted to provide stimulation and
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perform monitoring. Once a specific unique brain activity
which can be correlated to a specific unique part of the brain
is detected at a specific unique zone of the mesh (referred as
the reference point), the system is capable to arrange the
stimulation zones on the mesh to match the correct positions
based on said reference point.

[0169] Another type of calibration test can be performed
by testing the user’s endogenous activity. The device emits
short stimulations at different frequencies and currents, and
tests the changes in activity.

[0170] Lastly the system can remain on the user’s head
and study the natural activity frequencies of the specific user,
and later on implement those values in the different algo-
rithms in order to give a personalized stimulation for each
unique user.

Methodologies/Protocols

[0171] It has been shown that certain activity such as
memory consolidation or awareness, are characterized by
unique synchronous activity in different areas of the brain.
Latest research shows that mimicking this activity, by exter-
nal stimulation can create the desired indigenous effect. For
example, stimulating the areas that are known to take part in
the process of memory consolidation shown improvement in
memory consolidation in human patients. Diagnosis could
be extracted from the data for different pathologies. For
example—Irregular REM epochs could point to depression,
while abnormal gamma activity in prefrontal areas correlate
with schizophrenia.

[0172] Like many other biological functions, this synchro-
nous activity slightly varies from person to person, and it is
not always the same. The frequency of the activity oscilla-
tions changes, and the current as well. In order to make sure
that the right kind of activity is being enhanced, the system
monitors the user’s vital signs. Results may be analyzed
either according to the scientific literature or according to
internal metrics developed for the device, and according to
a baseline test for the user. For example, the user can go
through a simple memory test using his smartphone device,
and the specific brain activity for memory consolidation may
be recorded during that time. In that way, the device has the
specific user’s baseline for memory consolidation activity in
the matching areas.

[0173] Electric activity that the neurons use to communi-
cate can be detected by electrodes that are placed on
strategic places on the user’s scalp. For example, in order to
measure activity that is related to motor performance, an
electrode will be placed above that cortical area called the
Motor cortex (M1) or if visual information/processing needs
observation, then an electrode can be placed behind the
Visual cortex (V1). Stimulating electrodes which drive cur-
rent in specific frequencies and amps, are placed on strategic
areas as well, for instance stimulating the Dorso Lateral
Prefrontal Cortex (DLPFC) by placing electrodes above
those areas (sides of the forehead), or even stimulating M1.
While the device is stimulating specific areas and right after
stimulation, the device records activity from those areas (or
adjacent to those areas) and determines the efficiency and
efficacy of the specific stimulation on the specific user by
comparing before stimulation brain activity and after stimu-
lation brain activity and verifying if the desired change (%
increase/decrease, changing waveband frequency . . . ) has
been achieved. The system changes frequencies around the
targeted area (for example—around 40 Hz for high cognitive
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functions, around 20 Hz for motoric functions, etc.) and
finds the optimal frequency for that user.

[0174] The need for targeting multiple areas for different
purposes is answered by a modular device that can add/
remove elements as needed. Additional parts may be stimu-
lating part or sensing parts, where each part gives one or
more specific functionality.

[0175] After activation, the user chooses a stimulation
plan according to the goals and needs of the user, (one might
be chosen automatically) and then the device starts commu-
nicating with the user’s brain.

[0176] The device teaches the brain to do so, in a way that
is novel, without the user needing to interact with the device
itself.

[0177] Insome embodiments, the device learns and tracks
user’s advance in their program, and mass data is analyzed
on a cloud server in order to find better ways to tackle future
problems, or existing ones, as well suggesting specific
treatment for those who are found in the abnormal range of
a certain parameter (Like sleep disorders), based on a
plurality of users” mass data.

[0178] Closed loop neuro feedback protocol (NFP),
enhances the effects of the stimulation on the specific user,
by changing the voltage and frequency of the stimulation
according to the data received from the sensors, making it
optimal for the specific user. For example, when meditating,
theta activity will be increased. While the device is stimu-
lating the brain for theta enhancement, the device records
activity from the brain. It detects the degree to which the
brain complies, and changes the stimulation accordingly. By
doing so the device actually communicates with the user’s
brain (2-way communication). For experienced meditators,
theta activity can get much slower than for newcomers. So,
while using meditation protocol, the device detects the
rhythm of the user and slows it down every time the brain
gets used to it (from 8 Hz to 3.5~).

[0179] The device can help achieve general mind states
such as relaxation, meditation, concentration, and more
specific functionalities are achieved by using the preset
protocols. The protocols give the user an enhancement of his
current activity (defined by the current protocol) which
results in a state of enhanced reality (ER).

General Method

[0180] The device follows a generic protocol were
changes in stimulation parameters differ between protocols.
[0181] Referring now to FIG. 9 showing a flowchart of
one method 800 of the present invention. The method begins
by sensing the brain activity of the user 801 and determining
the specific brain activity and dominant features of said user
802. The information received is stored 803 for each specific
user. Then, stimulation parameters are set 804 based on the
received brain activity and/or the stored brain activity of the
specific user. The stimulation parameter depend on the scope
of the stimulation. Different scopes are further explained
below. Then the brain stimulation begin 805 according to the
specific protocol chosen. During the stimulation, a feedback
mechanism begins and changes in the brain activity are
sensed 806. If the brain activity has not changed to the
desired activity, then a change in the stimulation parameters
is performed 807 until the desired activity is sensed. Once
reached the desired brain activity the stimulation ceases 808.
The information of the stimulation history is stored 809 for
future stimulations. Brain activity is still followed to ensure
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continuity of the stimulation 810. Again, if the brain activity
does not match the desired activity 811, a new stimulation
cycle begins.

[0182] Referring now to FIG. 10 showing a flowchart of
another method 900 of the present invention. The method
begins by choosing a specific cognitive task that is wanted
to be changed/improved 901. Then, the system senses the
brain activity of the user 902 and determining the specific
brain activity and dominant features of said user 903. The
information received is stored 904 for each specific user.
Then, stimulation parameters are set 905 based on the
received brain activity and/or the stored brain activity of the
specific user. The stimulation parameter depend on the scope
of the stimulation. Different scopes are further explained
below. Then the brain stimulation begin 906 according to the
specific protocol chosen. During the stimulation, a feedback
mechanism begins and changes in the brain activity are
sensed 907. If the brain activity has not changed to the
desired activity, then a change in the stimulation parameters
is performed 908 until the desired activity is sensed. Once
reached the desired brain activity the stimulation ceases 909.
The information of the stimulation history is stored 910 for
future stimulations. Brain activity is still followed to ensure
continuity of the stimulation 811. Again, if the brain activity
does not match the desired activity 812, a new stimulation
cycle begins.

[0183] In the following paragraph, the different protocols
for specific scopes/cognitive tasks will be described:

[0184] 1. Lucid Reality (LR)

[0185] Dreams are by far the most complex “Virtual
realities” that exist today, giving the dreamer a full simula-
tion of the world using 5 senses and without any coding
limits. The brain has the ability to create a complete envi-
ronment and the user can explore it via Lucid dreaming.

[0186] It was shown in recent studies that stimulating
several areas on the cortex with electric current can cause
awareness of the user while dreaming—a state known as
lucid dreaming. By doing so, the device lets the user enter
a state where he is in control and engage with other features
of the device which will allow him to use this time as a
“training room”. Research shows that practicing motoric
skills whilst dreaming can improve skills while awake.
During a dream, the motoric cortex engages in the activity
that is being dreamt of, without moving the muscles them-
selves. This way, the user can practice, and at the end of the
dream a stimulation will be provided to different areas that
take part in consolidation of motoric memory, thus making
the dream practice more eflicient. During the entire time, the
NFP is making sure that the user is getting the minimal and
optimal stimulation customized especially for him.

[0187] Another application that could be used is Dream
learning. While the user is in lucid dream state, he can
receive auditory information that will allow him to learn
new things while dreaming, like a new language, facts, or
even study for an exam. At the end of the dream, areas that
are known to take part in declarative memory consolidation
are stimulated making the learning process more efficient.

[0188] At the end of the dream, no matter the purpose,
memory consolidation areas in the brain will be activated in
order for the user to remember the dream without the need
to wake him up. Normally, the brain does not store such
memories unless the user has been awakened during that
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time. By using this protocol, the user will be able to continue
his sleep cycles uninterrupted and still remember his dreams
and experiences.

[0189] The system can also record activity from different
areas of the brain, like the motor cortex that is still active
while dreaming, and to link certain activity patterns to
activation of functions carried out by various devices and
services connected to system in the outside world. Like
activating the alarm clock, engaging with a smart home, or
even texting. Other activity may follow IFTTT protocols.
[0190] Additional characteristics of the dream could be
influenced by stimulating the correct regions of the brain.
[0191] In order to review training done in Lucid dream, a
dream might be recorded through the visual cortex, and then
reconstructed using various algorithms, and then the user
will be able to watch his dream again while awake and
understand better the routine he was practicing. The visual
cortex is arranged in a very specific way. Data is organized
in a specific order, and upon presentation of a visual stimuli,
a specific electric activity pattern will emerge in the visual
cortex. Gathering a large database of visual cues and their
corresponding activity pattern across different users, would
help identify specific encounters in dreams as mentioned
above.

[0192] These processes can improve quality of sleep,
overcome chronic nightmares (as shown by research on
lucid dreamers), PTSD and give the user extra time to
improve skills and learn new things while he is sleeping, as
well as achieving a higher state of consciousness.

Lucid Dream Protocol

[0193] The user goes to sleep with electrodes on his head.
Referring now to FIG. 11 showing the zones of stimulation
on the head of the user.

[0194] For example—an electrode behind each ear for
reference and bias. Two electrodes on the forehead that
detect sleeping stages (and REM—Rapid eye movement) by
analyzing wavelengths that are relevant for REM activity
over 30 seconds’ periods each time. Another way is to sense
for EOG (eye movements) which occur only in REM and
can be detected with electrodes or even infrared sensors.
There are many known ways to detect REM and any of them
could be used in the present invention. When the system
recognizes REM stage, it starts the stimulation of the
DLPFC, for example, at 40 Hz and 250 pA through elec-
trodes that are placed below F3 and TP9 (locations accord-
ing to the international 10-20 positioning system) (left side)
and below F4 and TP10 (right side) (See FIG. 11). The
system detects an endogenous change in oscillations that
comes after the stimulation, and if it doesn’t detect a
sufficient rise (at least 130%) in gamma activity (~40 Hz
wave band) it changes the frequency (decrease/increase it a
bit) and tries again. The system repeats the process until it
finds the frequency that is optimal for the user—and gives
the best result for the specific user. On Top of the DLPFC
gamma stimulation, beta and alpha stimulation help main-
tain control and dream recall throughout the lucid dream. A
different way to get to the specific activity that suits the user,
is to measure his activity while performing an activity that
usually raises gamma activity.

Control of Functions Outside the Dream

[0195] For the lucid dream application, the user can define
preset thoughts or actions that are recorded while the user is
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awake. These thoughts or actions create unique pattern in
brain activity that can be observed with the EEG monitoring,
for example. If a certain activity is recognized by the
system—the desired effect will take place. For example—
the user can record his EEG pattern for the motor activity of
snapping his fingers (by using the electrode on M1). This
pattern that is being recorded from the area that is respon-
sible for movement, is unique for each movement the user
does, and will be the same the next time the user re-enacts
the same movement. Using this knowledge, the system can
create a signature of a specific activity and use it as a trigger
to activate an app, device, play a song, etc. . . . . Then the
user goes to sleep and when he is lucid dreaming he can snap
his fingers in his dream (which will cause the same pattern
of activity in the brain), the EEG recognizes the specific
activity pattern that the brain emits during this specific
activity, which triggers the alarm clock in his phone that is
synced to the device. The same method can be used for
recording the thought of “Cold” and using that pattern for
activating the air condition. In this way, the user could also
potentially write a note to himself, by typing on a dream type
writer, for example, with the motions recognized, to be
looked at when he wakes up, or stop the alarm clock from
working or any other communication/control.
[0196] As an example, the person sleeping may choose a
song to be heard while dreaming. This could be extended to
enable communication between multiple people who are
sleeping while they dream.

[0197] 2. Sleep
[0198] Sleep is an essential process in humans, and lack of
sleep (or excess of it) was shown to cause serious health and
mental issues. In order to tackle this issue, the device can
interact with regions in the brain that create our sleep cycles,
and our “inner clocks”.
[0199] One function the device performs is the stimulation
of the optic nerve which transfers information to the Supe-
rior central nucleus (SCN), which helps determine the time
outside. Naturally, this process is done by natural light, but
in today’s lifestyle it is being triggered also by artificial
lighting wherever we go. This stimulation synchronizes the
inner clock and helps people with delayed sleep cycles, Jet
lag, and other conditions that cause the user to sleep outside
a specific time frame.
[0200] When the user is sleeping, the device can help
maintain regular sleep cycles by activating and synchroniz-
ing different regions in the brain to induce a state of deep
sleep and maintaining it, as well as helping the user gain
control of his dreams (Lucid reality protocol) which can
improve quality of sleep, as latest research has shown.
[0201] After a few nights, the device can learn the sleeping
patterns of the user, and suggest optimal times of sleep in
order to guarantee the best quality of sleep.

Improved Sleep

[0202] One of the factors that mediate sleep cycles and
wake/sleep hours is the presence of light. In order to
resynchronize the sleep cycle, the system will stimulate the
optic nerve (electrodes are placed on the temples) and
“trick” the brain into thinking it sees light, which is a natural
trigger for the SCN—the area in the brain that is responsible
for circadian rhythm (sleep cycle). Another target for this
kind of stimulation is the Visual cortex—so in this case
electrodes will be placed at the back of the head, and
stimulations around 6-20 Hz can induce a feeling of wake-
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fulness. Moreover, these stimulations can help treat chronic
tiredness, Jet lag, narcolepsy and other sleeping problems.
[0203] Another way that the system improves sleep is by
helping the user to wake up at the end of a sleep cycle—and
not in the middle of it, when the body is not physiologically
ready to start the day. If the body awakens in the middle of
deep sleep the user will awaken tired and the sleep quality
will decrease. By analyzing the sleep cycles and making sure
that the user is awakened after REM or during shallow sleep,
the system can make sure that the user is in its optimal state
for waking up, and as soon as he wakes up, a stimulation that
encourages wakefulness is provided. Sleep stages are ana-
lyzed the same way that REM stage is detected, and the
user’s data is kept and analyzed over time so that after a few
days the system learns the user’s sleep patterns and
improves its accuracy over time. Another option is to change
the sleep cycle according to the user’s needs. Slowing down
activity by using stimulation in order to get to slow wave
sleep (Deep sleep) or by stimulating specific neurons in the
brainstem that trigger REM sleep. Change in the appearance
of a specific stage in a cycle, changes the cycle’s timing
altogether. In addition, a stimulation that decreases the sleep
onset (the time it takes the user to fall asleep) can be given
to F3 and F4 (FIG. 11) by providing DC negative current for
10 minutes. Stimulating the same area with the opposite kind
of stimulation (Positive) will give the reverse effect and
make the user more refreshed, and less fatigued.
[0204] 3. Sports

[0205] If the user wants to engage in a physical training
session, he can activate the sport mode which then stimu-
lates the motor cortex of the user, which latest studies
suggests improves his motor performance, while the NFP is
making sure that the stimulation is exactly right for the user.
[0206] Improved motoric performance allows for a better,
safer practice, and a more effective one. It can help accel-
erate physiotherapy process, prevention of falls, recovery
from stroke, reduction of injuries, improved coordination
and maximize athlete’s potential.

[0207] After the practice is over, the device stimulates the
areas that are known to take part in consolidation of motoric
memory of the user. These stimuli, make the practice more
efficient, as the user remembers more of each practice.

Motor Performance

[0208] When a user engages in physical activity, the
system can detect it by measuring heart rate, blood pressure,
and activity in the motor cortex (C3, C4—FIG. 11). Of
course, it could be also measured by phone sensors, shoe
sensors, calendar applications or many other means. The
specific wavebands (beta activity) are recorded and analyzed
by different metrics in order to determine the user’s endog-
enous oscillatory activity. If the device detects high levels in
those channels, or if the user activates the sport protocol,
then the system emits a current of 200-1500 pA (according
to the user’s sensory threshold) and 20 Hz (again may
change according to the endogenous activity of the user).
The efficiency and efficacy of the stimulation is determined
by recorded activity (before, during and after the stimula-
tion) and by measuring reaction time during a task that could
be performed in the user app. EMG measurements could
also give information of the effect of the stimulation on the
specific user. The system is able to activate the stimulation
if motoric activity is detected by any other means (wrist-
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bands, phone sensors etc . . . ) or when activated manually
by the user through the dedicated application.
[0209] After the exercise is done, the user receives stimu-
lation to the motor cortex at the same frequency (20 Hz)
which facilitates early motor memory consolidation (several
minutes after the end of practice). This helps the user
remember “with his body” the movements he practiced. This
type of stimulation that consolidates motoric memory can
also be induced while dreaming if the user is practicing
motor activity that is detectable through different sensors
(electrodes, phone sensors etc . . . ). This protocol targets 3
critical time periods—during the exercise, during slow wave
sleep and during REM sleep, in which memory consolida-
tion takes place, and enhances the effect and efficiency of the
practice/training session.

[0210] 4. Learning
[0211] One of the most common problems today among
teenagers, is the lack of ability to maintain attention to
specific content. Intrinsic attention is the kind of attention
we give to a task we desire to concentrate on. In cases that
attention “wanders” away because of some stimuli (text
message, blinking light, sounds) people cannot stay focused
on their desired task (listening to the teacher, reading).
[0212] When the user wants to better memorize material
or study for an exam or even learn a new language, he can
use this protocol. At first, the device stimulates the areas that
are connected to intrinsic attention processes. It means that
the user will be less susceptible to extrinsic stimuli. There-
fore, the user will be less distracted and more concentrated
on his studies. This stimulation mixed with Alpha activity,
that has been also shown to help maintain focus, will achieve
the best results for the user’s learning session. NFP will
make sure that the stimulations are personalized for the
specific user, and that he gets the best and most efficient
session for him.
[0213] If the user needs to solve problems in his learning
session, the device can stimulate areas that have been shown
to enhance the ability to solve complex problems (fluid
intelligence), thus increasing the efficiency of the session for
the user.
[0214] After the session, areas that take part in the process
of memory consolidation are stimulated to ensure that the
user remembers as much as he can from the session,
maximizing the efficiency of the process.

Declarative Memory Consolidation

[0215] In order to improve consolidation of memory, one
electrode can be placed on the left DLPFC (F3), and the
return electrode can be placed on the wrist, leg, shoulder, or
an area on the scalp that is not part of the memory system.
The electrode emits a current of about 500 pA at a frequency
of about 60 Hz. The efficiency of the stimulation will be
determined by recorded activity after (or during the stimu-
lation), and by checking the performance of the user with a
memory game through the app (while he is awake). As
mentioned before, the system will try and determine the
user’s optimal frequency and amperage for stimulation in
order to receive the best results by using machine learning
on different stimulations and endogenous activity that is
recorded from the user after the stimulation. The user’s
specific optimal frequency could be determined by using the
app to give the user a task that requires him to memorize or
recall a specific type of memory, and then record the activity
that this request evokes. The frequency that the system is
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looking for will be in the range (60 Hz) but with a little offset
(every individual is different).

Improved Learning

[0216] Math skills—in order to improve the quantitative
skills of the user, direct current will be transferred through
the scalp at the DLPFC from left to right. The correct voltage
and amperage will be determined based on the endogenous
activity of the user while solving problems in the app, and
by measuring the enhanced activity of the specific waveband
during and after stimulation. Random waveband stimulation
can also be administered in order to improve math skills of
the user.

[0217] Attention—the system can help the user get the
desired type of attention to the task at hand. Intrinsic
attention refers to paying attention to stimuli that the user
wishes to pay attention to. For example, when trying to read
a book while people are talking next to you, could be a hard
task. While the user tries to focus on the words in front of
him, the auditory system still receives input and sometimes
that input can interfere with the task in hand. In order to
increase this sort of attention the system can measure and
stimulate the specific waveband for the user that is active
while the user is trying to concentrate on a task and the
baseline for this is 40 Hz (gamma activity). The stimulation
is to the angular gyms in the inferior parietal lobe in the right
hemisphere at the user’s best waveband(s). Extrinsic atten-
tion is the ability to shift attention to stimuli that are
presented from the outside world. For example, if you are
driving on a dark road and suddenly a cat jumps on the
road—the ability to notice that cat faster, so there might be
a chance to brake in time, is dependent on your extrinsic
attention. In order to improve that type of attention the
system stimulates the angular gyms in the inferior parietal
lobe in the right hemisphere (P6) at about 10 Hz. stimulating
F3 and F4 with slow theta activity (about 4 HZ), thereby
improving auditory verbal memory consolidation.

Driving (Operating Heavy Machinery, Military)

[0218] Regarding attention problems, usually people refer
to the problem of extrinsic attention taking the mental
resources instead of intrinsic attention. It means that instead
of focusing on the desired object, something in the environ-
ment takes hold of the attention and the focus is then
targeting that stimuli.

[0219] The vision system has many essential parts, yet the
data is being processed also in the visual cortex. It was
shown that stimulating that area can increase contrast per-
ception. The device, then, stimulates that area in order to
give the user better discrimination of items in his field of
view which could result in a safer driving, and better
recognition of targets in his field of view.

[0220] Driving on the other hand is a task that may require
paying more attention to external stimuli, instead to our own
thoughts. When a person jumps to the road, or a traffic light
suddenly changes to red, it is needed to pick that information
up as soon as possible and use it to make a quick adjustment.

[0221] This protocol is for External focus, it means that it
stimulates the areas of the brain that take part in extrinsic
attention processes, which in latest research has shown to
reduce reaction time to visual stimuli. At the same time, the
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motor cortex will be stimulated as well in order to give the
user enhanced motor performance in order to deal with the
situation as best as he can.
[0222] This process increases the safety of driving, while
it can also help soldiers in dangerous missions, or even
commercial pilots that have great responsibility and rely on
their extrinsic attention to ensure the safety of their passen-
gers.
[0223] Elaborated plan (example):
1. Activation of driving protocol
2. Stimulation of the primary visual cortex (V1) 250 pA, 60
Hz,
3. Stimulation of right inferior parietal cortex 270 pA, 10
Hz.
4. Stimulation of primary motor cortex 0.5-1 mA, 2/5K Hz.
5. When the user is done driving, he turns off the stimulation
using the user app.

[0224] 5. Gaming Protocol
[0225] Gamers today require a lot of sharp skills and
attention in order to excel. Maintaining and practicing these
skill sets may take a lot of time and effort. This protocol
maximizes the users gaming abilities, in a faster manner.
[0226] The areas that are correlated with extrinsic atten-
tion processes are being stimulated by the device making the
user more susceptible to stimulations on the monitor.
[0227] Furthermore, the V1 site is also stimulated in order
to enhance the user’s vision which will allow him to
perceive better, and at the same time the motor cortex of the
user will also be stimulated—giving the user decreased
reaction time while playing—a very important feat for
gamers.

6. Mental Health

[0228] Due to stimulation with the device, spontaneous
activity and metabolism could increase in regions that show
hypoactive activity in specific conditions (like depression,
schizophrenia, ADHD, Parkinson, Alzheimer, neurodegen-
erative conditions, sleeping disorders, mental disorders)
thus, regaining normal activity in those areas, and lifting the
symptoms correlated with these conditions.

[0229] It is known that several mental conditions are
correlated with abnormal activity and synchronization of
different brain regions (like schizophrenia and gamma activ-
ity in the prefrontal cortex).

[0230] By stimulating these areas to the normal range of
activity, the device can improve symptoms and by using the
NFP the device can help treat the condition in the long run,
by helping the brain regain normal activity on its own.
Normal activity is defined by the norm—the population that
does not suffer from the condition.

Automatic Activation

[0231] During this protocol, the device uses sensors (both
biological and environmental) and algorithms in order to
determine which areas to stimulate in order to give the user
the best experience on his current task. The device uses data
gathered from the user and mass data gathered and sent to
the cloud by many devices, and can recognize specific
pattern of activity that indicate that the user is trying to
achieve a certain task like physical training by higher
activity in the motor cortex and elevated heart rate over a
defined period of time and react to that with a stimulation
that enhances the activity similar to the Sport protocol.
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Decreasing\Changing Functionality

[0232] Using the same methods described here, the system
may activate patterns of activity that will change the current
state of the user. While the user is awake, there is a pattern
of synchronized activity in several areas of the cortex. If this
signal is “jammed”, by inducing a different pattern of
activity to those areas, the user may become unconscious, a
fact that could help on the surgery table for example.

Dream Experience

[0233] A commercial that is watched by the user on a
smartphone/computer/ VR/AR creates a specific pattern of
activity in the brain. Whether the signal takes place at the
auditory cortex/vision cortex or any other area, that type of
pattern can be recorded and isolated by the device. At a later
time: in a dream, while shopping, the device can stimulate
that specific pattern and give the user a “feeling” or a
memory or a specific cognitive state that resembles the
experience he had while watching the commercial. This can
be done with different events and experiences such as, but
not only, happy events, sexual pleasure, etc.

Complex Stimulation

[0234] Different areas in the brain communicate with each
other via oscillations. The “data” is transferred over several
frequencies—when a certain frequency is “riding” (carried
over) another (See FIG. 12).

[0235] In order to mimic that communication, waves
should be carried over one on top of the other, and more
complex sinus waves will be induced by the device in order
to achieve best results. For example—Short term memory
consolidation activity as seen with EEG recordings is
gamma on top of theta (as shown in FIG. 12). If theta activity
is slowed to 6 HZ then an additional item can be encoded—
which will increase the effectiveness of the process. both the
mounted wave and the base wave can be changed and
induced together with the system.

[0236] In one embodiment, oscillatory information will be
extracted with the device and using PAC (phase coupling)
algorithms, the correct mounting of waves on top of other
waves will be determined for different cognitive processes.
After the correct form of wave is determined, it can be
stimulated back to the user in a more productive form (or
even coupled together disregarding the user’s endogenic
activity in cases of abnormality), and the total effectiveness
of the process will rise. In other embodiments, other infor-
mation will be used to ensure the efficacy and efficiency of
the process.

Empathy

[0237] The supramarginal gyms can be stimulated at alpha
frequency in order to synchronize areas that modulate empa-
thy in people, and to actually sync them across people in
order to connect people emotionally.

Drug Experience

[0238] In order to give the user, the feeling of “high”
caused by substances such as THC, the prefrontal cortex, as
well as the motor cortex, should be stimulated in a fashion
that slows endogenous alpha activity, and raises the appear-
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ance of theta activity. To this kind of stimulation additional
complex stimulation is added that is derived from EEG
recordings of THC users.

[0239] This can be done with any drug that affects the
central nervous system by recording the change in activity of
the drug on the user, and deriving the specific pattern/
patterns so they could be stimulated by the device. This
stimulation should create the feeling and effects (not physi-
cal—only mental) of the drug.

Visual Motoric-Memory Practice

[0240] Mirror neurons stimulation (Broca area—ventral
premotor cortex (PMv), posterior parietal cortex (PPC) and
the superior temporal cortex) could be induced at a fre-
quency of 8-13 HZ in order to acquire a connection between
perceived motoric movement—by a person, video, game,
Virtual/augmented reality device and the motor cortex. This
kind of stimulation is supposed to enhance the ability to
learn motoric skills while observing them—a system that
can lead to faster practice by slow developing children,
people recovering from injuries, and athletes.

Improved Stimulation

[0241] In order for the stimulation to take effect faster, a
stimulation that raises excitability to the tissue can be given
during any kind of other stimulation, in a way that will make
the brain more susceptible to changes. For example, a Direct
current stimulation can be kept while alternating current is
also applied. This way the tissue is more excitable and it will
react faster to the alternating current stimulation.

[0242] 7. Temporal Interference (TT) Stimulation Pro-

tocol

[0243] By using frequencies that are above biological
range—at the kHz range, it is possible to target areas deep
in the brain without stimulating areas that are straight above
them. For example—using an electrode on the right side of
the brain that stimulates at 1000 Hz while stimulating the left
side with 1010 Hz, we can create a 10 Hz stimulation deep
within the brain.
[0244] This kind of stimulation opens up new possibilities
of stimulation that were not available before.

Thalamus

[0245] The thalamus has many roles in communication
between the cortex and subcortical areas. One of the major
roles of this interaction is to maintain a state of conscious-
ness. By stimulating this area in different frequencies, the
device could alter the consciousness state of the user. A
stimulation of 0.1-15 Hz would put the user in a state of deep
sleep—or anesthesia.

[0246] The thalamus is also responsible for sleep spindles.
Stimulation of sleep spindles patterns during sleep, will
cause the user to enter a stage of deep sleep, and will
improve memory consolidation. If combined with REM
stimulation the amount of time needed for sleep a night will
shorten.

[0247] Another role of the thalamus is conveying sensory
information from the sensing organ, to its relevant process-
ing organ in the cortex. For example—from the eyes to the
visual cortex. By stimulating the specific area in the Thala-
mus with the right frequency (which will be determined per
user using sensing electrodes and a specific test—auditory,
visual etc.), the device will improve the transfer rate of



US 2020/0139112 Al
17

sensory data, and the amount of data that is transferred. In
addition external hardware devices might receive a copy of
the information at this point and use them to either store
information or analyze it further.

Hippocampus

[0248] Thehippocampus—a banana shaped “organ” in the
center of our brain. Its main role is generating personal or
episodic memories.

Fxamples of Stimulations

[0249] In all stimulations described below, the current will
be between about 250 microamps and about 1 milliamp.

[0250] Treating tinnitus—by stimulating the auditory
cortex with tRNS (transcranial random noise stimula-
tion) at low frequencies (0.1-100 Hz) for narrow band
noise tinnitus, and high frequencies for single tone
tinnitus. The stimulation can be in the range of 250
HA-1A,

[0251] Treating vision problems (damage to the retina,
optic nerve, visual system) by stimulating the optic
nerve with 10-30 Hz at ~600 pA. This kind of regen-
erative stimulation needs time

[0252] therefore, repeated sessions of 30 min, each day
for at least 1 week, should be done in order to get
results.

[0253] With the closed loop system—an anti-epileptic
system would work in a way that detects an elevated
gamma activity around 3-100-fold (that usually hap-
pens right before a seizure), and then desynchronizes
the activity by giving transcranial random noise stimu-
lation (tRNS), or a specific frequency that decreases
gamma activity.

[0254] By modulating theta activity in the prefrontal
areas, the system enhances functional connectivity
between working memory and retrospective monitor-
ing. Basically, it could treat certain aspects of schizo-
phrenia. Beta and gamma synchronization (which are
also abnormal in schizophrenia patients) can also be
modulated using our complex stimulation and phase
coupling. The areas that need 1o be targeted are DLPFC
with anodal electrode put over left DLFC.

[0255] By stimulating prefrontal areas during SWS
(Slow wave sleep) with anodal direct current at 250 pA,
we can improve declarative memory consolidation, and
improve the mood of the subject. Another way to
stimulate these areas for the desired effect which will
make it even more effective is by mimicking SWS with
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tion, and the repertoire of interests and activities.
Basically, there is a deficit in integration of cognitive
processes. In order to improve their situation or even
treat autism completely—there are several areas that
the system can stimulate:

[0258] first of all—activity should be increased
throughout the cortical language system. A different
area that has low activity and needs to be boosted is the
LIFG (Left inferior frontal gyms). On the other hand,
they have high activity (higher than normal) in the
LSTG (Left superior temporal gyms) that needs to be
reduced.

[0259] Elevated alpha activity in the left hemisphere
(more specifically frontal regions) is attributed to
sexual motivation or sexual arousal. In order to induce
them in a user, 8-13 Hz bands should be stimulated in
the frontal left areas (and maintained the same at the
frontal right areas). This arousal is correlated with
Frontal Asymmetry, so the left alpha should be more
prominent than the right alpha.

[0260] Mental rotation is the ability to recognize objects
that are rotated spatially. People who need to find
objects on satellite images, like intelligence units—use
this skill when they are looking for threats and hidden
missile launchers in populated areas. By stimulating
0z-Cz areas with the user’s endogenous alpha fre-
quency we can improve that skill dramatically.

1-75. (canceled)

76. A brain stimulation system comprising:
a. at least one head mounted device comprising:

i. at least one stimulation component, comprising;
at least one digital to analog unit;
at least one driver;
at least one first connector; and
at least one first electrode;
ii. at least one brain function monitor component,
comprising:
at least one Front-End component;
at least one analog to digital unit;
at least one second connector; and
at least one second electrode;
iii. at least one power supply unit;
iv. at least one communication unit;
v. at least one microcontroller, comprising:
at least one processor;
at least one non-transitory computer-readable
medium on which are stored instructions that are
executable by said at least one processor;

transcranial alternating current stimulation (tACS)—at
the endogenous frequency that will be measured by the
system per user. This activity is usually very slow with
high amplitudes (0.1-3 Hz).

[0256] Anodal stimulation of occipital areas of the
brain—can be used in order to improve perception and
memory for objects and faces. This activity can be
recorded while the user is watching a new object or
seeing a new face, and a stimulation could be given
later on with the same pattern of appearance in those
areas—to improve the memory for the specific object \
face.

[0257] Autism—is a developmental brain disorder,
characterized by a triad of impairments that affect
social interaction, verbal and nonverbal communica-

b. at least one external device; and
c. at least one cloud-based storing device;
wherein said at least one first and said at least one second
electrode do not require any kind of external conduc-
tive wet materials for their performance;
wherein said driver is characterized by an architecture that
provides bidirectional current source having a high DC
precision, a high input common mode range, high
accuracy matched resistors and a wide voltage supply
range, thereby enabling the creation of a variety of
stimulation waves including sinusoidal stimulation
waves.
77. The brain stimulation system according to claim 76,
wherein said at least one communication unit transfers
information to at least one external device selected from the
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group consisting of: a cellphone; a tablet; smartwatch; a
dedicated device; a cloud-based device; any combination
thereof.

78. The brain stimulation system according to claim 76,
wherein said at least one stimulation component is selected
from the group consisting of: electrical stimulation elec-
trode; magnetic stimulation electrode; infrared stimulation
optic fiber; ultrasound stimulation transducer; sound stimu-
lation device; light stimulation device; smell stimulation
device; any combination thereof.

79. The brain stimulation system according to claim 76,
wherein said at least one communication unit can be either
wired or wireless or have a wired or wireless mode.

80. The brain stimulation system according to claim 76,
wherein said at least one stimulation component stimulates
brain waves selected from the group consisting of: alpha;
beta; gamma; delta; theta; any combination thereof.

81. The brain stimulation system according to claim 76,
wherein said at least one stimulation component stimulates
at waves having a frequency from about 0.01 Hz to about
5000 Hz.

82. The brain stimulation system according to claim 76,
wherein said system further comprises at least one sensor
selected from the group consisting of: magnetic sensors;
heart beat sensor; motion sensor; blood pressure sensor;
tension sensor; infrared sensor; conductivity sensor; piezo-
electric sensor; accelerometer; gyroscope; any combination
thereof and said at least one sensor is adapted to sense at
least one selected from the group consisting of: acoustic,
sound, vibration, chemical, electric current, electric poten-
tial, magpetic, radio, environment, weather, moisture,
humidity, flow, fluid velocity, ionizing radiation, subatomic
particles, navigation instruments, position, angle, displace-
ment, distance, speed, acceleration, optical, light, imaging,
photon, pressure, force, density, level, thermal, heat, tem-
perature, proximity, presence, biological functions from the
group consisting of: heart rate, EEG, ECG, EMG, EOG,
fMRI, movement, eye movement, arousal, breathing, blood
pressure, neurotransmitters, metabolism, and any combina-
tion thereof.

83. The brain stimulation system according to claim 76,
wherein said at least one non-transitory computer-readable
medium further coniprises instructions to check the correct
positioning of said at least one head mounted device, said
instructions to check the correct positioning comprise the
steps of:

a. receiving information regarding said positioning of said
at least one sensing component and said at least one
stimulation component;

b. comparing said information with a predefined correct
localization data;

c. if said information is equal to said predefined correct
localization data, then continue with instructions;

d. if said information is not equal to said predefined
correct localization data, then provide corrective posi-
tioning instructions to the user.

84. The brain stimulation system according to claim 76,
wherein said at least one wireless communication unit is
selected from the group consisting of: Wi-Fi; Bluetooth;
BLE; RF; NFC; Audio; Zigbee; any combination thereof.

85. The brain stimulation system according to claim 76,
wherein said device is configured to have a form selected
from the group consisting of headband, helmet, watch,
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pillow filling, headboard, sleeping mask, shower cap, hat,
ring, bracelet, necklace, implant.

86. A method for brain stimulation comprising the steps
of:

a. providing the device of claim 76;

b. mounting said device on the head of a user; and

¢. activating the device to perform the following protocol
steps:

1. sensing the brain activity;

il. determining said brain activity and dominant fea-
tures of said brain activity;

iii. storing the information regarding said brain activity
and said dominant features;

iv. starting stimulation according to a predetermined
stimulation protocol;

v. sensing if said brain activity has reached the desired
brain activity pattern;

vi. if not, changing stimulation parameters based on the
results of step v or based on stored stimulation
parameters history;

vil. if yes, then stopping brain stimulation and storing
stimulation parameters history;

viii. continuously sensing said brain activity to ensure
continuity of said desired brain activity pattern until
end of said protocol;

ix. if said brain activity do not match desired brain
activity pattern; return to step iv.

87. The method according to claim 86, wherein said step
of starting stimulation is performed using waves having a
frequency from about 0.01 Hz to about 5000 Hz said brain
waves selected from the group consisting of: alpha; beta;
gamma; delta; theta; any combination thereof.

88. The method according to claim 86, wherein said
predetermined stimulation protocol are selected from the
group consisting of: induce lucid reality protocol; improve
sleep protocol; improve motor performance protocol; driv-
ing protocol; improve learning protocol; enhance gaming
activities protocol; improve mental health protocol; any
combination thereof.

89. The method according to claim 86, wherein said
induce lucid reality protocol comprises the steps of:

a. analyzing wavelengths that are relevant for REM
activity over 30 seconds’ periods each time, thereby
recognizing REM stage;

b. stimulating the Dorso Lateral Prefrontal Cortex
(DLPFC) at about 40 Hz and about 250 pA, thereby
stimulating gamma activity;

c. detecting endogenous change in oscillations in gamma
activity;

d. if said endogenous change in oscillations in gamma
activity are as expected then: maintaining stimulation
to maintain said oscillations in gamma activity; stimu-
lating with alpha and beta waves, thereby helping
maintaining control and dream recall throughout the
lucid dream;

e. if said endogenous change in oscillations in gamma
activity are not as expected then: changing frequency
and return to step (b).

90. The method according to claim 86, wherein said

improve sleep protocol comprises the steps of:

a. inducing a faster sleep onset by determining user’s
brain activity, stimulating in frequencies equal to the
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user’s own activity and stimulating in frequencies that
enhance sleep at slow waves from about 3 to about 5
Hz;

b. inducing sleep optimization by stimulating the brain in
order to allow the user to spend more time in slow wave
sleep (SWS) and REM, and less time in shallow sleep
by mimicking the user’s own activity said SWS or
REM and stimulating accordingly;

c. inducing energy wakeup by stimulating using a gamma
based stimulation thereby helping regain awareness
faster after sleep.

91. The method according to claim 86, wherein said

improve motor performance protocol comprises the steps of:

a. determining level of beta activity in the user;

b. stimulating at about 20 Hz and from about 200 to about
1500 pA, thereby stimulating beta activity;

c. detecting endogenous change in oscillations in beta
activity;

d. if said endogenous change in oscillations in beta
activity are as expected then: maintaining stimulation
to maintain said oscillations in beta activity;

e. if said endogenous change in oscillations in gamma
activity are not as expected then: changing frequency
and return to step (b).

92. The method according to claim 86, wherein said

improve learning protocol comprises the steps of:

a. determining level of gamma activity in the user;

b. stimulating the Dorso Lateral Prefrontal Cortex
(DLPFC) from about 40 to about 60 Hz and about 500
PA, thereby stimulating gamma activity;

¢. detecting endogenous change in oscillations in gamma
activity,
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d. if said endogenous change in oscillations in gamma
activity are as expected then: maintaining stimulation
to maintain said oscillations in gamma activity;

e. if said endogenous change in oscillations in gamma
activity are not as expected then: changing frequency
and return to step (b).

93. The method according to claim 86, wherein said

driving protocol comprises the steps of:

contemporarily stimulating: the primary visual cortex
(V1) at about 250 pA and about 60 Hz; the right inferior
parietal cortex at about 270 pA and at about 10 Hz; and
the primary motor cortex at about 0.5-1 mA and at from
about 2 to about 5 KHz.

94. The method according to claim 86, wherein said

enhance gaming activities protocol comprises the steps of:

a. stimulating extrinsic attention processes by using the
user’s brain activity and increasing user’s endogenous
alpha activity with stimulation;

b. stimulating V1 site using 60 Hz stimulation;

c. stimulating the motor cortex by giving direct current
stimulation (tDCS) and high frequency stimulation
from around 1000 to about 2000 Hz.

d. stimulating frontal and motor cortex from about 60 to
about 90 Hz to improve reaction times in said user.

95. The method according to claim 86, wherein said

induce improve mental health protocol comprises the steps
of:

a. measuring said user’s brain activity;

b. recognizing anomalies in brain activity; and

c. stimulating in order to bring said brain activity to a
normal baseline.
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