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Description

Field of the Invention

[0001] The field of invention relates to a system for
monitoring the brain state, the health and wellness of
subjects.

Background of the Invention

[0002] The document DENG WANG ET AL: "Best ba-
sis-based wavelet packet entropy feature extraction and
hierarchical EEG classification for epileptic detection",
EXPERT SYSTEMS WITH APPLICATIONS, 1 June
2011 (2011-06-01), XP055513025, GB, ISSN:
0957-4174, DOI: 10.1016/j.eswa.2011.05.096 relates to
a hierarchical electroencephalogram (EEG) classifica-
tion system for epileptic seizure detection. The system
includes the following 3 stages: (i) original EEG signals
representation by wavelet packet coefficients and feature
extraction using the best basis-based wavelet packet en-
tropy method, (ii) cross-validation (CV) method together
with k-nearest neighbor (k -NN) classifier used in the
training stage to hierarchical knowledge base (HKB) con-
struction, and (iii) in the test stage, computing classifica-
tion accuracy and rejection rate by the top-ranked dis-
criminative rules from the HKB.
[0003] Electroencephalography (EEG) is one method
to monitor electrical activity of the brain. It is typically
noninvasive, with the electrodes placed along the scalp,
however, invasive electrodes may be used in specific
applications. EEG measures voltage fluctuations result-
ing from ionic current within the neurons of the brain.
However, the sensitivity of the EEG electrodes limits de-
tection to small regions of the brain, close to each elec-
trode, thus limiting the spatial resolution of EEG.
[0004] Functional magnetic resonance imaging (fMRI)
is another method to monitor activity of the brain. How-
ever, a magnetic resonance imager is a large and ex-
pensive clinical device which can neither be used outside
of the clinic, nor in a continuous manner.

Brief Description of the Figures

[0005]

Figure 1 shows a screenshot of recording electrodes
according to some embodiments of the present in-
vention.
Figure 2 shows a screenshot of an example of a rep-
resentation of recording for a brain activity feature
of a subject according to some embodiments of the
present invention.
Figure 3A and Figure 3B shows a screenshot of ex-
amples of representations of recordings for brain ac-
tivity features of subjects according to some embod-
iments of the present invention.
Figure 4 shows a screenshot of an example of a brain

activity features (BAFs) representation of a subject
according to some embodiments of the present in-
vention.
Figure 5 shows a screenshot of an example of a
BAFs representation of a subject according to some
embodiments of the present invention.
Figure 6 shows a screenshot of an example of a
BAFs representation of a subject according to some
embodiments of the present invention.
Figure 7 shows a screenshot of an example of a
BAFs representation of a subject according to some
embodiments of the present invention.
Figure 8 shows a screenshot of an example of a
BAFs representation of a subject according to some
embodiments of the present invention.
Figure 9 shows a screenshot of an example of a
BAFs representation of a subject according to some
embodiments of the present invention.
Figure 10 shows a screenshot of an example of a
BAFs representation of a subject according to some
embodiments of the present invention.
Figure 11 shows a screenshot of an example of a
representation of recording for a brain activity feature
of a subject according to some embodiments of the
present invention.
Figure 12 shows a screenshot of an example of mul-
tiple representations of recording for a brain activity
feature of a subject according to some embodiments
of the present invention.
Figure 13 shows a screenshot of an example of a
BAFs representation of a subject according to some
embodiments of the present invention.
Figure 14 shows a screenshot of an example of a
computer architecture which is specifically pro-
grammed according to some examples.
Figure 15 shows a screenshot of an example of a
computer architecture which is specifically pro-
grammed according to some examples.
Figure 16 shows a screenshot of an example of a
computer architecture which is specifically pro-
grammed according to some examples.

Summary of the Invention

[0006] The present invention relates to a specifically
programmed computer system as defined by independ-
ent claim 1, wherein further developments of the inven-
tive computer system are provided in the sub-claims, re-
spectively.
[0007] In one example not covered by the claims, the
present disclosure provides a computer implemented
method including:

a. obtaining, in real-time, by a specifically pro-
grammed processor, electrical signal data repre-
sentative of brain activity of a particular individual;
b. processing, in real-time the electrical signal data
representative of brain activity of a particular individ-
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ual based upon a pre-determined predictor associ-
ated with a particular brain state, selected from a
library of predictors containing a plurality of pre-de-
termined predictors, wherein each individual pre-de-
termined predictor is associated with a unique brain
state,
wherein the pre-determined predictor associated
with a particular brain state includes:

i. a pre-determined mother wavelet,
ii. a pre-determined representative set of wave-
let packet atoms, created from the pre-deter-
mined mother wavelet,
iii. a pre-determined ordering of wavelet packet
atoms, and
iv. a pre-determined set of normalization factors,

wherein the processing includes:

i. causing, by the specifically programmed proc-
essor, the electrical signal data to be decon-
structed into a plurality of pre-determined de-
constructed wavelet packet atoms, utilizing the
pre-determined representative set of wavelet
packet atoms,
wherein time windows of the electrical signal da-
ta are projected onto the pre-determined repre-
sentative set of wavelet packet atoms
wherein the projection is via convolution or inner
product, and
wherein each pre-determined representative
wavelet packet atom corresponds to a particular
pre-determined brain activity feature from a li-
brary of a plurality of pre-determined brain ac-
tivity features;
ii. storing the plurality of pre-determined decon-
structed wavelet packet atoms in at least one
computer data object;
iii. causing, by the specifically programmed
processor, the stored plurality of pre-determined
deconstructed wavelet packet atoms to be re-
ordered within the computer data object, based
on utilizing a pre-determined order;
iv. obtaining a statistical measure of the activity
of each of the re-ordered plurality of pre-deter-
mined deconstructed wavelet packet atoms;
and
v. normalizing the re-ordered plurality of pre-de-
termined wavelet packet atoms, based on utiliz-
ing a pre-determined normalization factor; and

c. outputting, a visual indication of at least one per-
sonalized mental state of the particular individual, at
least one personalized neurological condition of the
particular individual, or both, based on the process-
ing,
wherein the individual pre-determined predictor as-
sociated with a particular brain state from within the

plurality of pre-determined predictors is generated
by the steps including:

i. obtaining the pre-determined representative
set of wavelet packet atoms by:

a. obtaining from a plurality of individuals,
by the specifically programmed processor,
at least one plurality of electrical signal data
representative of a brain activity of a partic-
ular brain state;
b. selecting a mother wavelet from a plural-
ity of mother wavelets,
wherein mother wavelet is selected from an
wavelet family selected from the group con-
sisting of: Haar, Coiflet Daubehies, and
Mayer wavelet families;
c. causing, by the specifically programmed
processor, the at least one plurality electri-
cal signal data to be deconstructed into a
plurality of wavelet packet atoms, using the
selected mother wavelet;
d. storing the plurality of wavelet packet at-
oms in at least one computer data object;
e. determining, an optimal set of wavelet
packet atoms using the pre-determined
mother wavelet, and storing the optimal set
of wavelet packet atoms in at least one com-
puter data obj ect,
wherein the determining is via utilizing anal-
ysis Best Basis algorithm; and
f. applying, by the specifically programmed
processor, wavelet denoising to the number
of wavelet packet atoms in the optimal set;

ii. obtaining the pre-determined ordering of
wavelet packet atoms by:

a. projecting, by the specifically pro-
grammed processor, the at least one plu-
rality of electrical signal data representative
of a brain activity for each 4 second window
of the data onto the pre-determined repre-
sentative set of wavelet packet atoms;
b. storing the projections in at least one
computer data object;
c. determining, by the specifically pro-
grammed processor, the wire length for
every data point in the projection by deter-
mining the mean absolute distance of the
statistical measure of the projections of dif-
ferent channels from their adjacent chan-
nels;
d. storing the wire length data in at least one
computer data object; and
e. re-ordering the stored projections, by the
specifically programmed computer to mini-
mize a statistical value of the wire length
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value across each time window, and across
all individuals within the plurality of individ-
uals, and across the projections; and

iii. obtaining the pre-determined set of normali-
zation factors by:

a. determining, by the specifically pro-
grammed computer, the mean and stand-
ard deviation of the values of the stored pro-
jections.

[0008] In one embodiment, the present invention pro-
vides a specifically programmed computer system in-
cluding:

a. at least one specialized computer machine includ-
ing:

i. a non-transient memory, electronically storing
particular computer executable program code;
and
ii. at least one computer processor which, when
executing the particular program code, be-
comes a specifically programmed computer
processor configured to perform at least the fol-
lowing operations:

1. obtaining, in real-time, by a specifically
programmed processor, electrical signal
data representative of brain activity of a par-
ticular individual;
2. processing, in real-time the electrical sig-
nal data representative of brain activity of a
particular individual based upon an individ-
ual pre-determined predictor associated
with a particular brain state, selected from
a library of predictors containing a plurality
of pre-determined predictors, wherein each
individual pre-determined predictor is asso-
ciated with a unique brain state,
wherein the pre-determined predictor asso-
ciated with a particular brain state compris-
es:

i. a pre-determined mother wavelet,
ii. a pre-determined representative set
of wavelet packet atoms,
iii. a pre-determined ordering of wavelet
packet atoms, created from the pre-de-
termined mother wavelet, and
iv. a pre-determined set of normaliza-
tion factors,

wherein the processing comprises:

i. causing, by the specifically pro-
grammed processor, the electrical sig-

nal data to be deconstructed into a plu-
rality of pre-determined deconstructed
wavelet packet atoms, utilizing the pre-
determined representative set of wave-
let packet atoms,
wherein time windows of the electrical
signal data are projected onto the pre-
determined representative set of wave-
let packet atoms
wherein the projection is via convolu-
tion or inner product, and
wherein each pre-determined repre-
sentative wavelet packet atom corre-
sponds to a particular pre-determined
brain activity feature from a library of a
plurality of pre-determined brain activ-
ity features;
ii. storing the plurality of pre-determined
deconstructed wavelet packet atoms in
at least one computer data object;
iii. causing, by the specifically pro-
grammed processor, the stored plural-
ity of pre-determined deconstructed
wavelet packet atoms to be re-ordered
within the computer data object, based
on utilizing a pre-determined order;
iv. obtaining a statistical measure of the
activity of each of the re-ordered plural-
ity of pre-determined deconstructed
wavelet packet atoms; and
v. normalizing the re-ordered plurality
of pre-determined wavelet packet at-
oms, based on utilizing a pre-deter-
mined normalization factor; and

3. outputting, a visual indication of at least
one personalized mental state of the partic-
ular individual, at least one personalized
neurological condition of the particular indi-
vidual, or both, based on the processing,
wherein an individual pre-determined pre-
dictor associated with a particular brain
state within the plurality of pre-determined
predictors is generated by the steps con-
sisting of:

i. obtaining the pre-determined repre-
sentative set of wavelet packet atoms
by:

1. obtaining from a plurality of indi-
viduals, by the specifically pro-
grammed processor, at least one
plurality of electrical signal data
representative of a brain activity of
a particular brain state;
2. selecting a mother wavelet from
a plurality of mother wavelets,
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wherein mother wavelet is select-
ed from an wavelet family selected
from the group consisting of: Haar,
Coiflet Daubehies, and Mayer
wavelet families;
3. causing, by the specifically pro-
grammed processor, the at least
one plurality electrical signal data
to be deconstructed into a plurality
of wavelet packet atoms, using the
selected mother wavelet;
4. storing the plurality of wavelet
packet atoms in at least one com-
puter data object;
5. determining, an optimal set of
wavelet packet atoms using the
pre-determined mother wavelet,
and storing the optimal set of wave-
let packet atoms in at least one
computer data obj ect,
wherein the determining is via uti-
lizing a Best Basis algorithm; and
6. applying, by the specifically pro-
grammed processor, wavelet de-
noising to the number of wavelet
packet atoms in the optimal set;

ii. obtaining the pre-determined order-
ing of wavelet packet atoms by:

1. projecting, by the specifically
programmed processor, the at
least one plurality of electrical sig-
nal data representative of a brain
activity for each 4 second window
of the data onto the pre-determined
representative set of wavelet pack-
et atoms;
2. storing the projections in at least
one computer data object;
3. determining, by the specifically
programmed processor, the wire
length for every data point in the
projection by determining the
mean absolute distance of the sta-
tistical measure of the projections
of different channels from their ad-
jacent channels;
4. storing the wire length data in at
least one computer data object;
and
5. re-ordering the stored projec-
tions, by the specifically pro-
grammed computer to minimize a
statistical value of the wire length
value across each time window,
and across all individuals within the
plurality of individuals, and across

the projections; and

iii. obtaining the pre-determined set of
normalization factors by:

1. determining, by the specifically
programmed computer, the mean
and standard deviation of the val-
ues of the stored projections.

[0009] In one embodiment, the electrical signal data
representative of brain activity of a particular individual
is recorded using two electrodes located on the forehead
of the particular individual.
[0010] In one embodiment, each time window is a four
second time window.
[0011] In one embodiment, the statistical value for the
re-ordering is selected from the group consisting of: the
mean of the sum of the absolute differences of the wave-
let packet atoms, and a mean of the sum of (1- correlation)
of the wavelet packet atoms.
[0012] In one embodiment, the visual indication of at
least one personalized mental state of the particular in-
dividual is used to identify an underlying mental state, an
underlying neurological condition, or a combination of an
underlying mental state and an underlying neurological
condition, in the particular individual, wherein the specif-
ically programmed computer utilizes at least one ma-
chine learning algorithm include, but is not limited to lo-
gistic regression modeling, support vector machine mod-
eling, and a deep learning modeling, to assign at least
one specific brain state to the visual indication of at least
one personalized mental state of the particular individual,
wherein the at least one specific brain state is associated
with a mental state, a neurological condition, or a com-
bination of a mental state and a neurological condition.
[0013] In one embodiment, the assignment of at least
one specific brain state to the visual indication of at least
one personalized mental state of the particular individual
identifies an abnormality in at least one neural network
in the brain of the particular individual associated with a
particular neurological condition.
[0014] In one embodiment, the abnormality in at least
one neural network in the brain of the particular individual
is used to diagnose the particular individual having a neu-
rological condition.
[0015] In one embodiment, the neurological condition
is selected from the group consisting of, Alzheimer’s dis-
ease, dementia, stress, fatigue, anxiety, epilepsy, trau-
matic brain injury, loss of cognitive function, migraine,
chronic pain, coma, a lack of response, or inappropriate
response to external stimuli associated with autism, or
autism spectrum disorders, a lack of concentration, and
sleep disorders.
[0016] In one embodiment, the at least one specific
brain state is used to determine the emotional state of
the particular individual.
[0017] In one embodiment, the particular individual is
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receiving a therapy, and the visual indication of at least
one personalized mental state of the particular individual
is used to determine the effectiveness of the therapy.
[0018] In one embodiment, the particular individual is
receiving a therapy, and the visual indication of at least
one personalized mental state of the particular individual
is used to determine the nature of the therapy to be ad-
ministered.
[0019] In one embodiment, the particular individual is
receiving a therapy, and the visual indication of at least
one personalized mental state of the particular individual
is used to determine the duration of the therapy.
[0020] In one embodiment, the particular individual is
receiving a therapy, and the visual indication of at least
one personalized mental state of the particular individual
is used to determine the dosing regimen of the therapy.
[0021] In one embodiment, the therapy is an anesthetic
agent, and the effectiveness of the anesthetic is deter-
mined by the particular individual’s ability to feel pain
and/or the individual’s perceived pain level and the cor-
relation to the change in the visual indication of at least
one personalized mental state of the particular individual.
[0022] In one embodiment, the therapy is a migraine
therapy, and the effectiveness of the migraine therapy is
determined by the particular individual’s ability to feel
pain, and/or the individual’s perceived pain level and the
correlation to the change in the visual indication of at
least one personalized mental state of the particular in-
dividual.
[0023] In one embodiment, the particular individual is
performing a specific cognitive task.
[0024] In one embodiment, the specific cognitive task
is selected from the group including short and/or long
term memory recall, e-learning, meditation, and concen-
tration.
[0025] In one embodiment, the particular individual has
a particular brain state at a certain time.

Detailed Description of the Invention

[0026] Throughout the specification and claims, the fol-
lowing terms take the meanings explicitly associated
herein, unless the context clearly dictates otherwise. The
phrases "in one embodiment" and "in some embodi-
ments" as used herein do not necessarily refer to the
same embodiment(s), though it may. Furthermore, the
phrases "in another embodiment" and "in some other em-
bodiments" as used herein do not necessarily refer to a
different embodiment, although it may.
[0027] In addition, as used herein, the term "or" is an
inclusive "or" operator, and is equivalent to the term
"and/or," unless the context clearly dictates otherwise.
The term "based on" is not exclusive and allows for being
based on additional factors not described, unless the
context clearly dictates otherwise. In addition, throughout
the specification, the meaning of "a," "an," and "the" in-
clude plural references. The meaning of "in" includes "in"
and "on."

[0028] It is understood that at least one aspect/func-
tionality of various embodiments described herein can
be performed in real-time and/or dynamically. As used
herein, the term "real-time" is directed to an event/action
that can occur instantaneously or almost instantaneously
in time when another event/action has occurred. In some
embodiments, the terms "instantaneous," "instantane-
ously," "instantly," and "in real time" refer to a condition
where a time difference between a first time when a
search request is transmitted and a second time when a
response to the request is received is no more than 1
second. In some embodiments, the time difference be-
tween the request and the response is between less than
1 second and several seconds.
[0029] As used herein, the term "dynamic(ly)" means
that events and/or actions can be triggered and/or occur
without any human intervention. In some embodiments,
events and/or actions in accordance with the present in-
vention can be in real-time and/or based on a predeter-
mined periodicity of at least one of: nanosecond, several
nanoseconds, millisecond, several milliseconds, sec-
ond, several seconds, minute, several minutes, hourly,
several hours, daily, several days, weekly, monthly, etc.
[0030] Decomposing EEG signals into different com-
ponents is an effective tool to study brain activity and
brain states, and deducing the role of certain functional
regions of the brain, or neural networks in the brain for a
given brain state. Without being limited by any particular
theory, a particular brain state is associated with a par-
ticular mental state, a particular neurological condition,
or a particular combination of a mental state and a neu-
rological condition.
[0031] Without being intended to be limited by any par-
ticular theory, brain activity, detected via conventional
EEG, is associated with a number of frequency bands
from around 0.5Hz (Delta waves) to Gamma waves
which are above 32Hz. In between are Theta, Alpha, and
Beta waves, among others. However, it is assumed EEG
electrodes are only sensitive to electrical signals which
emanate from a small region of the brain, close to each
electrode. Consequently, it is customary to record EEG
activity with a large number of electrodes which cover
the whole head. The location of the brain responsible for
the detected electrical activity is calculated by estimating
the phase of the electrical signal as it arrives to different
electrodes. The BAFs described above may include
these frequency bands as well.
[0032] In some embodiments of the present invention,
the determining the role of certain regions or neural net-
works within the brain for a given cognitive function or
mental state is not required. In some embodiments, the
electrical activity of the brain of a subject is recorded us-
ing two electrodes (e.g., Fp1 and Fp2) located on the
forehead of the subject. In some embodiments, either
the Fp1, or the Fp2 electrode is used as a reference elec-
trode, and the recorded electrical activity is the difference
in between the Fp1 and Fp2 electrode. Alternatively, in
some embodiments, the FpZ electrode may be used as
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either the reference, or recording electrode.
[0033] In some examples not covered by the claims,
the present disclosure provides a computer implemented
method including:

a. obtaining, in real-time, by a specifically pro-
grammed processor, electrical signal data repre-
sentative of brain activity of a particular individual;
b. processing, in real-time the electrical signal data
representative of brain activity of a particular individ-
ual based upon a pre-determined predictor associ-
ated with a particular brain state, selected from a
library of predictors containing a plurality of pre-de-
termined predictors, wherein each individual pre-de-
termined predictor is associated with a unique brain
state,
wherein the pre-determined predictor associated
with a particular brain state includes:

i. a pre-determined mother wavelet,
ii. a pre-determined representative set of wave-
let packet atoms, created from the pre deter-
mined mother wavelet,
iii. a pre-determined ordering of wavelet packet
atoms, and
iv. a pre-determined set of normalization factors,

wherein the processing includes:

i. causing, by the specifically programmed proc-
essor, the electrical signal data to be decon-
structed into a plurality of pre-determined de-
constructed wavelet packet atoms, utilizing the
pre-determined representative set of wavelet
packet atoms,
wherein time windows of the electrical signal da-
ta are projected onto the pre-determined repre-
sentative set of wavelet packet atoms
wherein the projection is via convolution or inner
product, and
wherein each pre-determined representative
wavelet packet atom corresponds to a particular
pre-determined brain activity feature from a li-
brary of a plurality of pre-determined brain ac-
tivity features;
ii. storing the plurality of pre-determined decon-
structed wavelet packet atoms in at least one
computer data object;
iii. optionally causing, by the specifically pro-
grammed processor, the stored plurality of pre-
determined deconstructed wavelet packet at-
oms to be re-ordered within the computer data
object, based on utilizing a pre-determined or-
der;
iv. obtaining a statistical measure of the activity
of each of the re-ordered plurality of pre-deter-
mined deconstructed wavelet packet atoms;
and

v. normalizing the re-ordered plurality of pre-de-
termined wavelet packet atoms, based on utiliz-
ing a pre-determined normalization factor; and

a. outputting, a visual indication of at least
one personalized mental state of the partic-
ular individual, at least one personalized
neurological condition of the particular indi-
vidual, or both, based on the processing,

wherein the individual pre-determined predictor as-
sociated with a particular brain state from within the
plurality of pre-determined predictors is generated
by the steps including:

i. obtaining the pre-determined representative
set of wavelet packet atoms by:

a. obtaining from a plurality of individuals,
by the specifically programmed processor,
at least one plurality of electrical signal data
representative of a brain activity of a partic-
ular brain state;
b. selecting a mother wavelet from a plural-
ity of mother wavelets,
wherein mother wavelet is selected from an
wavelet family selected from the group con-
sisting of: Haar, Coiflet Daubehies, and
Mayer wavelet families;
c. causing, by the specifically programmed
processor, the at least one plurality electri-
cal signal data to be deconstructed into a
plurality of wavelet packet atoms, using the
selected mother wavelet;
d. storing the plurality of wavelet packet at-
oms in at least one computer data object;
e. determining, an optimal set of wavelet
packet atoms using the pre-determined
mother wavelet, and storing the optimal set
of wavelet packet atoms in at least one com-
puter data obj ect,
wherein the determining is via utilizing a
Best Basis algorithm; and
f. applying, by the specifically programmed
processor, wavelet denoising to the number
of wavelet packet atoms in the optimal set;

ii. obtaining the pre-determined ordering of
wavelet packet atoms by:

a. projecting, by the specifically pro-
grammed processor, the at least one plu-
rality of electrical signal data representative
of a brain activity for each 4 second window
of the data onto the pre-determined repre-
sentative set of wavelet packet atoms;
b. storing the projections in at least one
computer data object;
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c. determining, by the specifically pro-
grammed processor, the wire length for
every data point in the projection by deter-
mining the mean absolute distance of the
statistical measure of the projections of dif-
ferent channels from their adjacent chan-
nels;
d. storing the wire length data in at least one
computer data object; and
e. optionally re-ordering the stored projec-
tions, by the specifically programmed com-
puter to minimize a statistical value of the
wire length value across each time window,
and across all individuals within the plurality
of individuals, and across the projections;
and

iii. obtaining the pre-determined set of normali-
zation factors by:

a. determining, by the specifically pro-
grammed computer, the mean and stand-
ard deviation of the values of the stored pro-
jections.

[0034] In some embodiments, the electrical signal data
representative of brain activity of a particular individual
is recorded using two electrodes located on the forehead
of the particular individual.
[0035] An example of recording electrodes according
to some embodiments of the present invention is shown
in Figure 1. According to the invention, the electrical ac-
tivity of the brain of a subject is recorded using one (not
covered by the claims) or between two and three elec-
trodes located on the forehead of the subject. In some
embodiments, the electrical activity of the brain of a sub-
ject is recorded using one (not covered by the claims)
two or three electrodes located at region(s) of the head
which is/are other than or in addition to the forehead of
the subject. For example, in some embodiments, at least
one electrode is located behind or on, or in an ear of the
subject. For example, in some embodiments, at least one
electrode is part of an item position on the head of the
subject, where the item is configured for at least one ad-
ditional function in addition to hosting the at least one
electrode. For example, in some embodiments, the item
is a headwear piece (e.g., hat). For example, in some
embodiments, the item is an electronic device (e.g.,
headphones).
[0036] In some embodiments, the electrical activity of
the brain of a subject is recorded according to the meth-
ods disclosed in G. Castellani, et al., Frontiers in Genetics
Vol 5, pg 1-12 (2014).
[0037] In some embodiments, the electrical signal data
representative of brain activity of a particular individual
is recorded with a sufficiently large sampling rate above
250 and a dynamic range configured to detect sufficient
cortical activity in the desired location of the brain. For

example, a larger dynamic range is expected to detect
more cortical activity than a smaller dynamic range. In
one embodiment, the dynamic range is 15 bit resolution
of the analog- to-digital (A/D) and above.
[0038] In some embodiments, the particular individual
is performing a specific cognitive task.
[0039] In some embodiments, the specific cognitive
task is selected from the group including short and/or
long term memory recall, e-learning, meditation, and con-
centration.
[0040] In one embodiment, the particular individual has
a particular brain state at a certain time.

Processing the Recorded Electrical Signal Data Repre-
sentative of Brain Activity of a Particular Individual

[0041] Deconstructing the recorded electrical signal
data representative of brain activity of a particular indi-
vidual: In some embodiments, the recorded electrical sig-
nal data representative of brain activity of a particular
individual is recorded in real-time over a certain time pe-
riod. In some embodiments, the electrical signal data rep-
resentative of brain activity of a particular individual is
recorded for up to one hour. In some embodiments, the
electrical signal data representative of brain activity of a
particular individual is recorded for up to 50 minutes. In
some embodiments, the electrical signal data represent-
ative of brain activity of a particular individual is recorded
for up to 40 minutes. In some embodiments, the electrical
signal data representative of brain activity of a particular
individual is recorded for up to 30 minutes. In some em-
bodiments, the electrical signal data representative of
brain activity of a particular individual is recorded for up
to 20 minutes. In some embodiments, the electrical signal
data representative of brain activity of a particular indi-
vidual is recorded for up to 10 minutes.
[0042] In some embodiments, the real-time recorded
electrical signal data representative of brain activity of a
particular individual is deconstructed into a plurality of
pre-determined deconstructed wavelet packet atoms,
utilizing a pre-determined representative set of wavelet
packet atoms. Each individual pre-determined decon-
structed wavelet packet atom within the plurality of pre-
determined deconstructed wavelet packet atoms corre-
sponds to a brain activity feature ("BAF").
[0043] In some embodiments, the a pre-determined
representative set of wavelet packet atoms is created
from a pre determined mother wavelet, selected from an
wavelet family selected from the group including, but not
limited to: Haar, Coiflet Daubehies, and Mayer wavelet
families. Other wavelet families suitable for mother wave-
lets according to some embodiments of the present in-
vention are described in the website located at ht-
tp://www.mathworks.com/help/wavelet/ref/wavelet-
families.html?refresh=true.
[0044] In some embodiments, recorded electrical sig-
nal data representative of brain activity of a particular
individual is deconstructed into a plurality of pre-deter-
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mined deconstructed wavelet packet atoms, utilizing a
pre-determined representative set of wavelet packet at-
oms according to the Best Basis algorithm disclosed in
Coifman, R. R., & Wickerhauser, M. V., IEEE Transac-
tions on Information Theory, 38(2), 713-718 (1992), spe-
cifically the description of orthogonal decomposition
based on Shannon equation as detailed in section III.
Entropy of a vector.
[0045] In some embodiments, recorded electrical sig-
nal data representative of brain activity of a particular
individual is deconstructed into a plurality of pre-deter-
mined deconstructed wavelet packet atoms, utilizing a
pre-determined representative set of wavelet packet at-
oms according to a combination of the Shannon Entropy
and another suitable Best Basis algorithm disclosed in
Stainvas, I and Intrator, N., In. J. Appl. Mathematics and
Statistics, 4(J06), 1-22 (2006).
[0046] In some embodiments, recorded electrical sig-
nal data representative of brain activity of a particular
individual is deconstructed into a plurality of pre-deter-
mined deconstructed wavelet packet atoms, utilizing a
pre-determined representative set of wavelet packet at-
oms according to a combination of the Shannon Entropy
and another suitable Best Basis algorithm disclosed in
Intrator, N, Neural Computation 5, 443-455 (1993).
[0047] In some embodiments, recorded electrical sig-
nal data representative of brain activity of a particular
individual is deconstructed into a plurality of pre-deter-
mined deconstructed wavelet packet atoms, utilizing a
pre-determined representative set of wavelet packet at-
oms according to a combination of the Shannon Entropy
and another suitable Best Basis algorithm disclosed in
Intrator, N, Neural Computation 4, 98-1-7 (1992).
[0048] Re-ordering the plurality of pre-determined de-
constructed wavelet packet atoms: In some embodi-
ments, the plurality of pre-determined wavelet packet at-
oms is reordered, according to a pre-determined order.
In some embodiments, the re-ordered plurality of pre-
determined wavelet packet atoms, is normalized, utilizing
a pre-determined normalization factor. In some embod-
iments, the plurality of pre-determined wavelet packet
atoms is only normalized.
[0049] In some embodiments, utilizing electrical data
recorded via standard EEG recording electrodes, the ex-
emplary specifically programmed processor of the
present invention is programmed to first normalize each
wavelet packet atom, outputted by at least one band-
pass filter, separately based on a dataset of collected
data from multiple individuals to determine the distribu-
tion of the representation values for each of the wavelet
packet atoms separately. In some embodiments, the at
least one band-pass filter has 2-36 channels. In some
embodiments, the at least one band-pass filter has at
least 12 channels. In some embodiments, the at least
one band-pass filter has at least 16 channels. In some
embodiments, the at least one band-pass filter has at
least 32 channels.
[0050] The Visual Indication of at Least One Person-

alized Mental State of the Particular Individual: According
to the invention, the normalized, re-ordered plurality of a
statistical measure of projections onto pre-determined
wavelet packet atoms is assembled into a visual repre-
sentation, wherein each individual normalized pre-deter-
mined wavelet packet atom in the plurality, corresponds
to a BAF, and is arranged in the representation according
the pre-determined order. As used herein, a "BAFs rep-
resentation" refers to a visual representation of the nor-
malized, re-ordered plurality of pre-determined projec-
tions onto wavelet packet atoms. An example of a BAFs
representation of a subject according to some embodi-
ments of the present invention is shown in Figure 2.
[0051] In some embodiments, the BAFs representa-
tion of the particular individual has 121 individual BAFs.
Alternatively, in some embodiments, the BAFs represen-
tation of the particular individual has up to 200 individual
BAFs. Alternatively, in some embodiments, the BAFs
representation of the particular individual has from 10 to
200 individual BAFs. Alternatively, in some embodi-
ments, the BAFs representation of the particular individ-
ual has from 1 to 1000 individual BAFs. Alternatively, in
some embodiments, the BAFs representation of the par-
ticular individual has from 30 to 1000 individual BAFs.
Alternatively, in some embodiments, the BAFs represen-
tation of the particular individual has at least 30 individual
BAFs. Alternatively, in some embodiments, the BAFs
representation of the particular individual has a number
of individual BAFs which is a multiple (e.g., 2x, 3x, 4x,
5x, 6x, etc.) of a number BAFs being recorded.
[0052] In some embodiments, the BAFs representa-
tion of the subject has 121 individual BAFs. Alternatively,
in some embodiments, the BAFs representation of the
subject over 200 individual BAFs. Alternatively, in some
embodiments, the BAFs representation of the subject
has from 10 to 200 individual BAFs. Alternatively, in some
embodiments, the BAFs representation of the subject
has from 1 to 1000 individual BAFs. Alternatively, in some
embodiments, the BAFs representation of the subject
has from 30 to 1000 individual BAFs. Alternatively, in
some embodiments, the BAFs representation of the sub-
ject has at least 30 individual BAFs. Alternatively, in some
embodiments, the BAFs representation of the subject
has a number of individual BAFs which is a multiple (e.g.,
2x, 3x, 4x, 5x, 6x, etc.) of a number of neural networks
being analyzed. In some embodiments, the BAFs include
traditional EEG recordings.
[0053] Referring to Figure 2 as an example, each line
perpendicular to the y axis represents an activity of a
projection onto a single pre-determined wavelet packet
atom, (also referred to herein as a BAF). For example,
the activity can be represented via at least one suitable
statistical measurement of a projection onto a single
wavelet packet atom or a group of wavelet packet atoms,
where the suitable statistical measurement can be, but
not limited to, mean, standard deviation, and the like. In
some embodiments, the BAFs representation can be
color coded. For example, as shown in Figure 2, various
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activity area(s) on an intensity spectrum can be present-
ed, for example but not limited to, by presenting high
activity area(s) as more darkly shaded regions of at least
one particular color ("hot") to low activity tends area(s)
as more lighted shaded region(s) of the at least one color
or at least one other color ("cold"), and any continuous
shading in between based on corresponding activity lev-
el. Each column perpendicular to the x axis represents
a vector of brain activity state (the BAFs representation)
at a specific time or specific time period. Thus, the x axis
is measured in time (e.g., milliseconds, seconds, min-
utes, hours, days, etc.). In some embodiments, the image
is normalized by a suitable non-linear transformation
such as, for example, histogram equalization, prior to the
color coding each brain activity (BAF) of the plurality of
BAFs.
[0054] In some embodiments, the exemplary specifi-
cally programmed processor of the present invention is
programmed to cluster the electrical signal data repre-
sentative of brain activity of a particular individual before
a pre-determined predictor is determined. For example,
the exemplary specifically programmed processor of the
present invention is programmed to generate a collection
of m-dimensional vectors from projections on m pre-de-
termined deconstructed wavelet packet atoms which can
be further clustered into different brain states. In some
embodiments, the exemplary specifically programmed
processor of the present invention is programmed to de-
termine a number of brain states by using at least one
machine learning technique. For example, the exemplary
specifically programmed processor of the present inven-
tion is programmed to utilize hierarchical clustering to
analyze the clustered data and to decide which clusters
to group together based on the relative distance between
their members.
[0055] In some embodiments, the exemplary specifi-
cally programmed processor of the present invention is
programmed to utilize the cluster membership construct
the plurality of pre-determined predictors based, at least
in part, on:

1) the distance from a cluster center or from different
members of the cluster, and/or
2) a sequence of cluster membership that preceded
the current frame.

[0056] For example, the exemplary specifically pro-
grammed processor of the present invention is pro-
grammed to utilize at least one temporal model (e.g., but
not limited to, a Markov chain, a hidden Markov model,
other similarly suitable models) based on the cluster
membership to determine a particular predictor of the
library of predictors.
[0057] In some embodiments, after the cluster mem-
bership is assigned to each window frame, the exemplary
specifically programmed processor of the present inven-
tion is programmed to generate at least one temporal
structure probabilistic model. For example, in text anal-

ysis, from the data, the exemplary specifically pro-
grammed processor of the present invention is pro-
grammed to: construct the vocabulary of letters (specific
clusters); identify words based on segmentation of let-
ters, construct the words vocabulary from the identified
words, and, interpret particular grammatical rules to cre-
ate sentences from the words. For example, the first step
is to construct a matrix of probability to move from one
letter to the other.

Identification of an Underlying Mental State, an Underly-
ing Neurological Condition, or a Combination of an Un-
derlying Mental State and Neurological Condition

[0058] In some embodiments, the visual indication of
at least one personalized mental state of the particular
individual is used to identify an underlying mental state,
an underlying neurological condition, or a combination
of an underlying mental state and an underlying neuro-
logical condition, in the particular individual, wherein the
specifically programmed computer utilizes at least one
machine learning algorithm selected from the group con-
sisting of logistic regression modeling, support vector
machine modeling, and a deep learning modeling, to as-
sign at least one specific brain state to the visual indica-
tion of at least one personalized mental state of the par-
ticular individual, wherein the at least one specific brain
state is associated with a mental state, a neurological
condition, or a combination of a mental state and a neu-
rological condition.
[0059] In some embodiments, the exemplary specifi-
cally programmed processor of the present invention is
programmed to identify an underlying mental state, an
underlying neurological condition, or a combination of an
underlying mental state and an underlying neurological
condition, in the particular individual utilizing at least one
machine learning algorithm such as, but not limited to,
logistic regression modeling, support vector machine
modeling, and a deep learning modeling. Specifically, in
some embodiments, the exemplary specifically pro-
grammed processor of the present invention is pro-
grammed to execute at least the following steps:

1) separating the electrical signal data representa-
tive of brain activity of a particular individual into train-
ing, validation and test data sets;

2) generating a family of models based on the train-
ing set, optimized on the validation set;

3) testing the performance of each model on the test
set;

4) repeating steps 1-3 for different parameters of a
particular AI model (e.g. the regularization parame-
ter in a ridge regression model; the number of hidden
units in a feed forward neural network; the weight
decay parameter in a feed forward neural network;
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types and a number of kernels in a kernel model such
as support vector machine; a combination of Gaus-
sians and the regularization parameters in a support
vector machine; a combination of Gaussians mod-
els; etc.); and

5) after a set of model parameters is determined,
obtaining prediction results on a new data set and
repeat the steps 1-4 for different families of orthog-
onal decomposition and other model parameters ob-
tained from the recorded electrical signal data rep-
resentative of brain activity of a particular individual.

[0060] In some embodiments, electrical signal data
representative of brain activity of a particular individual
is recorded when the particular individual has a particular
mental state. In some embodiments, the particular men-
tal state is unknown, and the methods according to some
examples not covered by the claims are utilized to identify
the particular mental state.
[0061] Examples of the particular mental state include,
but are not limited to, seizure, fear, anxiety, pain, sleep
states (e.g. REM sleep), awake, alert, fatigue, anaesthe-
tized, meditation states, stress, other moods, different
brain states associated with dementia, a lack of re-
sponse, or inappropriate response to external stimuli as-
sociated with autism, or autism spectrum disorder, and
the like. An example of a BAFs representation of a subject
having a particular mental state is shown in Figure 3.
[0062] Referring to Figure 3A, shows the brain activity
representation of an experienced yogi that is performing
three types of meditation (indicated via the horizontal
brackets). After the first two meditations and after the
third meditation, the yogi explains what he is doing. A
range in BAFs is indicated with the vertical brackets. This
collection of BAFs is associated with awareness. It is
clear that one meditation emphasizes only these aware-
ness channels, and it is evident in the activity when the
yogi explains what meditation he is doing.
[0063] Referring to Figure 3B, a BAFs representation
is shown from an individual in a vegetative state. The
BAFs highlights in Figure 3A are shown, and are not ac-
tive. However, administration of a medical brain stimula-
tion to the individual was able to activate the BAFs as-
sociated with awareness for a short period of time. This
provides an example to the ability to determine the effect
of medications with the BAF representation.
[0064] In some embodiments, the electrical signal data
representative of brain activity of a particular individual
is recorded when the particular individual is performing
a specific cognitive task. In some embodiments, the
methods according to some examples not covered by
the claims identify an underlying mental state, an under-
lying neurological condition, or a combination of an un-
derlying mental state and an underlying neurological con-
dition, based, at least in part, on the electrical signal data
representative of brain activity of a particular individual
recorded while the particular individual is performing the

specific cognitive task.
[0065] Examples of the specific cognitive task include,
but are not limited to, short and long term memory recall,
identification of stimuli, meditation, learning, watching a
movie, observing images, intense concentration during
motor operation, response to a sensory stimulus, and the
like. An example of a BAFs representation of a subject
performing a specific cognitive task is shown in Figure [6].
[0066] In some embodiments, the sensory stimulus
can be auditory, tactile, olfactory, visual, and the like.
[0067] In some embodiments, the assignment of at
least one specific brain state to the visual indication of at
least one personalized mental state of the particular in-
dividual identifies an abnormality in at least one neural
network in the brain of the particular individual associated
with a particular neurological condition.
[0068] In some embodiments, the abnormality in at
least one neural network in the brain of the particular
individual is used to diagnose the particular individual
having a neurological condition.
[0069] In some embodiments, the neurological condi-
tion is selected from the group consisting of, Alzheimer’s
disease, dementia, stress, fatigue, anxiety, epilepsy,
traumatic brain injury, loss of cognitive function, coma, a
lack of response, or inappropriate response to external
stimuli associated with autism, or autism spectrum dis-
orders, a lack of concentration, and sleep disorders. An
example of a BAFs representation of a subject with a
neurological condition is shown in Figure 4.
[0070] In some embodiments, the particular individu-
al’s neurological condition is unknown, and the methods
according to some examples not covered by the claims
identify the neurological condition.
[0071] In some embodiments, the at least one specific
brain state is used to determine the emotional state of
the particular individual.
[0072] In some embodiments, the particular individual
is receiving a therapy, and the visual indication of at least
one personalized mental state of the particular individual
is used to determine the effectiveness of the therapy.
[0073] For example, by way of illustration, early inter-
vention in autism patients, at around 6 months of age
can improve the treatment of autism. In another example,
an earlier detection of abnormal activity in at least one
neuronal network that is associated with epilepsy in the
brain of an individual can improve the treatment of epi-
lepsy, or warn the individual, or the individual’s care giver
that a seizure is occurring, or will occur. In another ex-
ample, an earlier detection of abnormal activity in at least
one neuronal network that is associated with migraine in
the brain of an individual can improve the treatment of
migraine, or warn the individual, or the individual’s care
giver that a migraine is occurring, or will occur. In another
example, an earlier detection of abnormal activity in at
least one neuronal network that is associated with an
ischemic event in the brain of an individual can improve
the treatment of ischemic injury, or warn the individual,
or the individual’s care giver that an ischemic event, such
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as, for example, a transient ischemic event, or stroke is
occurring, will occur, or has occurred. In some embodi-
ments, the brain activity of the particular individual may
be recorded whilst the subject is asleep, which, in the
case of certain ischemic conditions, is when such condi-
tions are more likely to occur.
[0074] In some embodiments, the particular individual
is receiving a therapy, and the visual indication of at least
one personalized mental state of the particular individual
is used to determine the nature of the therapy to be ad-
ministered.
[0075] In some embodiments, the particular individual
is receiving a therapy, and the visual indication of at least
one personalized mental state of the particular individual
is used to determine the duration of the therapy.
[0076] In some embodiments, the particular individual
is receiving a therapy, and the visual indication of at least
one personalized mental state of the particular individual
is used to determine the dosing regimen of the therapy.
[0077] In some embodiments, the therapy is an anes-
thetic agent, and the effectiveness of the anesthetic is
determined by the particular individual’s ability to feel
pain and/or the individual’s perceived pain level and the
correlation to the change in the visual indication of at
least one personalized mental state of the particular in-
dividual.
[0078] In some embodiments, the therapy is a migraine
therapy, and the effectiveness of the migraine therapy is
determined by the particular individual’s ability to feel
pain, and/or the individual’s perceived pain level and the
correlation to the change in the visual indication of at
least one personalized mental state of the particular in-
dividual.
[0079] In some embodiments, the migraine therapy is
a medication. Alternatively, in some embodiments, the
migraine therapy is guided imagination. Alternatively, in
some embodiments, the migraine therapy is hypnosis.
Alternatively, in some embodiments, the migraine ther-
apy is meditation.
[0080] In some embodiments, in contrast to the anal-
ysis of fetal brain activity using Amplitude Integrated EEG
which typically detects the two brain conditions of sleep
and awake states, and the dynamics of shift from one
state to the other to identify the degree of brain damage,
the exemplary specifically programmed processor of the
present invention is programmed to perform group anal-
ysis on a group of brain states of infants, and determine
the brain states of the infant at a certain time.
[0081] In another example, in neural marketing, in
some embodiments, the exemplary specifically pro-
grammed processor of the present invention is pro-
grammed to perform group analysis on a group of brain
states in individuals receiving a stimulation at each time
frame, and to determine the proportions in the group that
are in the same brain state at a given window frame. This
enables to measure the engagement of the group with
the stimulation, as when a larger portion of the group is
found in the same brain state, it is likely that this happens

due to the stimulation, thus the group is considered to be
engaged and reacting to the stimuli. The specific brain
state, at which a portion of the group is in, can correspond
to the specific reaction to the stimuli, allowing for feed-
back training.
[0082] In some examples, the methods not covered by
the claims determine a mental state of a particular indi-
vidual at a first time point. In some embodiments, brain
of the particular individual changes from one mental state
to another, but remains in a first mental state for the ma-
jority of the time. In some embodiments, the first mental
state is not favorable. In some embodiments, the system
may supply a stimulus that encourages the brain of the
particular individual to enter a second, more favorable
mental state, via neural feedback. For example, by way
of illustration, the particular individual may be in a coma,
and the first mental state may be a state of non-respon-
siveness. The system may supply a stimulus that encour-
ages the brain of the particular individual to enter a sec-
ond, more responsive mental state.
[0083] In another example, the patient may have an
autism spectrum disorder, and the first mental state may
be the individual refusing, or being unable to maintain
eye contact with another person. The system may supply
a stimulus that encourages the brain of the particular in-
dividual to enter a second mental state where the indi-
vidual is more easily capable of maintaining eye contact.

The Plurality ofPre-Determined Predictors

[0084] In some embodiments, an individual pre-deter-
mined predictor associated with a particular brain state
within the plurality of pre-determined predictors is gen-
erated by the steps including:

i. obtaining the pre-determined representative set of
wavelet packet atoms by:

a. obtaining from a plurality of individuals, by the
specifically programmed processor, at least one
plurality of electrical signal data representative
of a brain activity of a particular brain state;
b. selecting a mother wavelet from a plurality of
mother wavelets,
wherein mother wavelet is selected from an
wavelet family selected from the group consist-
ing of: Haar, Coiflet Daubehies, and Mayer
wavelet families;
c. causing, by the specifically programmed proc-
essor, the at least one plurality of electrical sig-
nal data to be deconstructed into a plurality of
wavelet packet atoms;
d. storing the plurality of wavelet packet atoms
in at least one computer data obj ect;
e. determining, an optimal set of wavelet packet
atoms, and storing the optimal set of wavelet
packet atoms in at least one computer data ob-
ject,

21 22 



EP 3 258 842 B1

14

5

10

15

20

25

30

35

40

45

50

55

wherein the determining is via utilizing a Best
Basis algorithm; and
f. applying, by the specifically programmed proc-
essor, wavelet denoising to the number of wave-
let packet atoms in the optimal set;

ii. obtaining the pre-determined ordering of wavelet
packet atoms by:

a. projecting, by the specifically programmed
processor, the at least one plurality of electrical
signal data representative of a brain activity for
each 4 second window of the data onto the pre-
determined representative set of wavelet packet
atoms;
b. storing the projections in at least one compu-
ter data object;
c. determining, by the specifically programmed
processor, the wire length for every data point
in the projection by determining the mean abso-
lute distance of the statistical measure of the
projections of different channels from their ad-
jacent channels;
d. storing the wire length data in at least one
computer data object; and
e. optionally re-ordering the stored projections,
by the specifically programmed computer to
minimize a statistical value of the wire length
value across each time window, and across all
individuals within the plurality of individuals, and
across the projections; and;

iii. obtaining the pre-determined set of normalization
factors by:

a. determining, by the specifically programmed
computer, the mean and standard deviation of
the values of the stored projections.

[0085] To generate a library of a plurality of pre-deter-
mined predictors requires an illustrative library of at least
one plurality of electrical signal data representative of a
brain activity of a particular brain state. Generation of an
illustrative library of at least one plurality of electrical sig-
nal data representative of a brain activity of a particular
brain state requires obtaining a sufficient collection of
electrical signal data representative of a brain activity of
a particular brain state (e.g., 100 recordings; 1,000 re-
cording; 10,000 recordings; 100,000 recordings;
1,000,000 recordings, etc.) In general, a recording of
3000 seconds of each event, is sufficient for a robust
detection of that brain state event. The larger the number
of observations, the more robust the detection is. The
electrical signal data representative of a brain activity of
a particular brain state can be from a sufficient number
of individuals (e.g., 100; 1,000; 10,000; 100,000;
1,000,000, etc.) and be recorded during various (e.g.,
different in kind, different in intensity, etc.) activities, cog-

nitive tasks and neurological conditions, leading to a va-
riety of brain states.
[0086] In some embodiments, the library of a plurality
of pre-determined predictors can be tailored to one or
more specific goals. For example, if there is a need to
emphasize on detection of a specific brain activity event,
for example, detection of abnormalities which exist at a
certain cortical location occurring before an epileptic sei-
zure occurs, or at an early stage of migraine, then more
emphasis should be put on recording during such times.
Such emphasis is given by recording from a single sub-
ject at times when such event occurs, or recording from
multiple subjects at those times. Another example may
be recording from subjects that are performing an atten-
tion test such as T.O.V.A. test (The TOVA Company, Los
Alamitos, CA). Then a recording of a number of subjects
performing the same task is obtained, rather than record-
ing from a number of subjects that exhibit a certain brain
abnormality such as a certain type of epilepsy. In another
example, based on the goal, in some embodiments, a
plurality of subjects can be asked to perform a specific
cognitive task. Examples of the specific cognitive task
include, but are not limited to, memory recall, identifica-
tion of stimuli, performing an attention task, meditation,
learning, watching a movie, observing images, intense
concentration during motor operation, and the like.
[0087] Deconstructing the at least one plurality of elec-
trical signal data: In some embodiments, the at least one
plurality of electrical signal data is recorded over a certain
time period. In some embodiments, the at least one plu-
rality of electrical signal data is recorded for up to one
hour. In some embodiments, the at least one plurality of
electrical signal data is recorded for up to 50 minutes. In
some embodiments, the at least one plurality of electrical
signal data is recorded for up to 40 minutes. In some
embodiments, the at least one plurality of electrical signal
data is recorded for up to 30 minutes. In some embodi-
ments, the at least one plurality of electrical signal data
is recorded for up to 20 minutes. In some embodiments,
the at least one plurality of electrical signal data is re-
corded for up to 10 minutes.
[0088] In some embodiments, the recorded at least
one plurality of electrical signal data is deconstructed into
a plurality of deconstructed wavelet packet atoms. Each
individual deconstructed wavelet packet atom within the
plurality of deconstructed wavelet packet atoms corre-
sponds to a brain activity feature ("BAF").
[0089] In some embodiments, the exemplary specifi-
cally programmed processor of the present invention is
programmed deconstruct the at least one plurality of elec-
trical signal data into a plurality of deconstructed wavelet
packet atoms, with different mother wavelets, and other
orthogonal decompositions such as but not limited to,
orthogonal cosine transform and wavelet transform. In
some embodiments, the exemplary specifically pro-
grammed processor of the present invention is pro-
grammed to utilize a particular orthogonal decomposition
to minimize the decomposition processing time which is
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proportional to n log(n) time where n is the number of
samples in a window frame.
[0090] In some embodiments, the mother wavelet is
selected from an wavelet family selected from the group
including, but not limited to: Haar, Coiflet Daubehies, and
Mayer wavelet families. Other wavelet families suitable
for mother wavelets according to some embodiments of
the present invention are described in the website located
at http://www.mathworks.com/help/wavelet/ref/wavelet-
families.html?refresh=true.
[0091] In some embodiments, the exemplary specifi-
cally programmed processor of the present invention is
programmed to obtained, based on the orthogonal de-
composition algorithm, a collection of n dimensional vec-
tors, where each vector represents one BAF.
[0092] In some embodiments, the exemplary specifi-
cally programmed processor of the present invention is
programmed to perform the decomposition to achieve at
least one predetermined goal. For example, the at least
one pre-determined goal can be based on identifying a
common Best Basis which achieves a particular discrim-
ination at a particular coefficient distribution (an unsuper-
vised/supervised hybrid goal) and which can be com-
monly utilized for the data analysis with respect to a group
of individuals.
[0093] In some embodiments, the exemplary specifi-
cally programmed processor of the present invention is
programmed to determine projections (convolutions) on-
to the chosen basis functions or some statistics of these
projections to generate output interpretive of particular
brain activity(ies) associated with particular BAF(s). For
example, the exemplary specifically programmed proc-
essor of the present invention is programmed to deter-
mine particular BAF(s) based on an activity in each such
projection. In some embodiments, the exemplary specif-
ically programmed processor of the present invention is
programmed to estimate the energy of each projection
(e.g., the variance of the signal), a maximal value or other
suitable statistical measurement of the orthogonal distri-
bution, such as, but not limited to, a value of the negative
entropy.
[0094] In some embodiments, the recorded at least
one plurality of electrical signal data is deconstructed into
a plurality of deconstructed wavelet packet atoms, ac-
cording to the Best Basis algorithm disclosed in Coifman,
R. R., & Wickerhauser, M. V., IEEE Transactions on In-
formation Theory, 38(2), 713-718 (1992), specifically the
description of orthogonal decomposition based on Shan-
non equation as detailed in section III. Entropy of a vector.
[0095] Specifically, the exemplary specifically pro-
grammed processor of the present invention identifies a
smallest-entropy basis to be utilized in orthogonal de-
composition of a particular at least one plurality of elec-
trical signal data. In some embodiments, the exemplary
specifically programmed processor of the present inven-
tion performs the Shannon entropy analysis on an at least
one plurality of electrical signal data to obtain the joint
best basis. When considering an at least one plurality of

electrical signal data to obtain the joint best basis, the in
one embodiment of this patent, it is possible to choose
a map M to include additional characteristics which em-
phasize specific properties of the joint at least one plu-
rality of electrical signal data. For example, if M(1) and
M(2) satisfy the definition of the map M being the additive
information cost functions, leading to an optimal basis
which relies on the sum of both functions. In some em-
bodiments, the exemplary specifically programmed proc-
essor of the present invention is programmed to add a
new additive cost function which measures a distribution
of coefficients at each node in a particular wavelet packet
tree to identify the functional M which seeks wavelet
packet coefficients with minimal Shannon entropy or with
the modified additive optimization function (across the
wavelet decomposition) on average across all data ob-
servations.
[0096] In some embodiments, the recorded at least
one plurality of electrical signal data is deconstructed into
a plurality of deconstructed wavelet packet atoms, ac-
cording to another suitable Best Basis algorithm dis-
closed in Stainvas, I and Intrator, N., In. J. Appl. Mathe-
matics and Statistics, 4(J06), 1-22 (2006).
[0097] In some embodiments, the recorded at least
one plurality of electrical signal data is deconstructed into
a plurality of deconstructed wavelet packet atoms, ac-
cording to another suitable Best Basis algorithm dis-
closed in Intrator, N, Neural Computation 5, 443-455
(1993).
[0098] In some embodiments, the recorded at least
one plurality of electrical signal data is deconstructed into
a plurality of deconstructed wavelet packet atoms, ac-
cording to another suitable Best Basis algorithm dis-
closed in Intrator, N, Neural Computation 4, 98-1-7
(1992).
[0099] For example, in some embodiments, the exem-
plary specifically programmed processor of the present
invention is programmed to utilize a moving window
frame along the time series to obtain different data ob-
servations result. In one example, the exemplary specif-
ically programmed processor of the present invention is
programmed to utilize a particular window frame and an
overlap for the analysis of data segments. In one exam-
ple, the exemplary specifically programmed processor
of the present invention is programmed to utilize a win-
dow frame of 4 seconds with an overlap of 75% between
consecutive window frames. In some embodiments, the
exemplary specifically programmed processor of the
present invention is programmed to utilize the window
which has a length that is an exponent of 2, so, for ex-
ample, if sampling rate is 256Hz, a 4 second window
would result in 1024 samples. In another example, if the
sampling frequency of 250Hz, the exemplary specifically
programmed processor of the present invention is pro-
grammed to utilize the window frame that is a slightly
above 4 seconds (e.g., 4.05-4.2). In another example, if
the sampling frequency of 496Hz, the exemplary specif-
ically programmed processor of the present invention is
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programmed to utilize the window frame that is a slightly
above 4 seconds (e.g., 4.05-4.2). In another example, if
the sampling frequency of 496Hz, the exemplary specif-
ically programmed processor of the present invention is
programmed to utilize the window frame that is a slightly
above 4 seconds (e.g., 4.05-4.2).
[0100] In another example, the exemplary specifically
programmed processor of the present invention is pro-
grammed to utilize a window frame which progresses by
1 second between adjacent frames to obtain vector up-
dates every one second, thus generating a projections
matrix of size 121 x N (the number of seconds in the data)
- 3 (due to the first frame of 4 seconds and then each
frame progresses by 1 second). In some embodiments,
the exemplary specifically programmed processor of the
present invention is programmed to rescaling the full ma-
trix to obtain the maximal dynamic range of the visual
map of the data.
[0101] Determination of the optimal set: In some em-
bodiments, the optimal set of wavelet packet atoms is
determined according to the Best Basis algorithm dis-
closed in Coifman, R. R., & Wickerhauser, M. V., IEEE
Transactions on Information Theory, 38(2), 713-718
(1992), specifically the description of orthogonal decom-
position
[0102] In some embodiments, the optimal set of wave-
let packet atoms is determined according to another suit-
able Best Basis algorithm disclosed in Stainvas, I and
Intrator, N., In. J. Appl. Mathematics and Statistics,
4(J06), 1-22 (2006).
[0103] In some embodiments, the optimal set of wave-
let packet atoms is determined according to another suit-
able Best Basis algorithm disclosed in Intrator, N, Neural
Computation 5, 443-455 (1993).
[0104] In some embodiments, the optimal set of wave-
let packet atoms is determined according to another suit-
able Best Basis algorithm disclosed in Intrator, N, Neural
Computation 4, 98-1-7 (1992).
[0105] In some embodiments, the number of wavelet
packet atoms in the optimal set is reduced by application
of the wavelet denoising algorithm disclosed in Donoho
D.L., IEEE Transactions on Information Theory, 41(3),
613-627 (1995).
[0106] In some embodiments, the number of wavelet
packet atoms in the optimal set is reduced by application
of an L1 denoising method.
[0107] some embodiments, the number of wavelet
packet atoms in the optimal set is reduced by application
of an L2 denoising method.
[0108] some embodiments, the number of wavelet
packet atoms in the optimal set is reduced by application
of a hard threshold method.
[0109] Re-ordering the plurality of deconstructed
wavelet packet atoms: According to the invention, the
denoised optimal set of wavelet packet atoms is reor-
dered, so that more physiologically correlated BAFs,
based on analysis of the total signal data, are visually
presented to be geographically/spatially closer, as, for

example shown in Figure 5.
[0110] In some examples not covered by the claims,
the reordering is optional.
[0111] In some embodiments, the denoised optimal set
of wavelet packet atoms is reordered by the specifically
programmed computer performing the steps consisting
of:

1. determining the wire length for every data point in
the projection by determining either the mean or sum
of absolute distance of the statistical measure of the
projections of different channels from their adjacent
channels;
2. storing the wire length data in at least one com-
puter data object; and
3. re-ordering the stored projections to minimize a
value of wither the mean or sum of the wire lengths
across the projections, across each 4 second win-
dow, and across all individuals within the plurality of
individuals.

[0112] In some embodiments, the statistical value for
the re-ordering is selected from the group consisting of:
the mean of the sum of the absolute differences of the
wavelet packet atoms, and a mean of the sum of (1- cor-
relation) of the wavelet packet atoms.
[0113] Obtaining the pre-determined set of normaliza-
tion factors: In some embodiments, the set of pre-deter-
mined set of normalization factors is obtained by deter-
mining the mean and standard deviation of the values of
the stored projections.
[0114] In some embodiments, the brain activity is rep-
resented by the energy of the individual BAF. In some
embodiments, the energy is determined based on the
variance of the signal. In some embodiments, the energy
is the maximal value of the energy of the individual BAF.
In some embodiments, the energy is the negative entropy
of the energy coefficients of the individual BAF as is Coif-
man and Wickerhauser.
[0115] In some embodiments, the BAFs representa-
tion of the subject is used to determine the contribution
of each BAF to the total energy of the signal being re-
corded. For example, the BAFs representation of the sub-
ject is used to determine the contribution of each BAF to
the total energy of the signal being recorded based, at
least in part, on:

1) at least one orthogonal condition utilized for the
orthogonal decomposition and/or

2) a summation of orthogonal components utilizing
the Parseval’s equality which holds for the BAFs rep-
resentation.

[0116] In some embodiments, the BAFs representa-
tion of the subject is used to obtain the contribution of
each BAF to the total length of a virtual wire that is created
from obtaining a wire segmentation of the peaks of BAFs;

27 28 



EP 3 258 842 B1

17

5

10

15

20

25

30

35

40

45

50

55

where the virtual wire identifies at least one communica-
tion passage being utilized by isolated brain subsystems
of the subject to communicate with each other. In some
embodiments, the contribution of each BAF to the total
length of the virtual wire measures the smoothness of
the brain activity in a different, geographically close BAF.
[0117] In some embodiments, the contribution of each
BAF to the total energy of the signal and the contribution
of each BAF to the total length of each virtual wire that
is created from obtaining a wire segmentation of the
peaks of BAF activity is used to determine which BAF is
being presented in the final BAFs representation. In some
embodiments, specific BAFs, which are presented in the
BAFs representation of the subject, are those BAFs
whose contribution to the variance is suitably high and if
their contribution to the total virtual wire length is low.
[0118] In some embodiments, the present invention
provides a system that is capable of an underlying mental
state, an underlying neurological condition, or a combi-
nation of an underlying mental state and an underlying
neurological condition, in the particular individual. In
some embodiments, therefore, the system may be used
by a physician.
[0119] In some embodiments, the apparatus used to
record the electrical activity of the brain of a subject may
be worn continuously, and is non-invasive, or unobtru-
sive. Thus, in some embodiments, the identification of
the neurological impairment, or determination of the sub-
ject’s first mental state may be achieved at an earlier
time, or may be achieved more efficiently than other
methods, because the subject is monitored in a more
natural, or less clinical setting. In some embodiments,
the system of the present invention enables an earlier
detection, identification, or diagnosis of an individual’s
mental state and/or neurological condition.
[0120] In some embodiments, the present invention
provides a specifically programmed computer system in-
cluding:

a. at least one specialized computer machine com-
prising:

i. a non-transient memory, electronically storing
particular computer executable program code;
and
ii. at least one computer processor which, when
executing the particular program code, be-
comes a specifically programmed computer
processor configured to perform at least the fol-
lowing operations:

1. obtaining, in real-time, by a specifically
programmed processor, electrical signal
data representative of brain activity of a par-
ticular individual;
2. processing, in real-time the electrical sig-
nal data representative of brain activity of a
particular individual based upon an individ-

ual pre-determined predictor associated
with a particular brain state, selected from
a library of predictors containing a plurality
of pre-determined predictors, wherein each
individual pre-determined predictor is asso-
ciated with a unique brain state,
wherein the pre-determined predictor asso-
ciated with a particular brain state compris-
es:

i. a pre-determined mother wavelet,
ii. a pre-determined representative set
of wavelet packet atoms,
iii. a pre-determined ordering of wavelet
packet atoms, created from the pre-de-
termined mother wavelet, and
iv. a pre-determined set of normaliza-
tion factors,

wherein the processing comprises:

i. causing, by the specifically pro-
grammed processor, the electrical sig-
nal data to be deconstructed into a plu-
rality of pre-determined deconstructed
wavelet packet atoms, utilizing the pre-
determined representative set of wave-
let packet atoms,
wherein time windows of the electrical
signal data are projected onto the pre-
determined representative set of wave-
let packet atoms
wherein the projection is via convolu-
tion or inner product, and
wherein each pre-determined repre-
sentative wavelet packet atom corre-
sponds to a particular pre-determined
brain activity feature from a library of a
plurality of pre-determined brain activ-
ity features;
ii. storing the plurality of pre-determined
deconstructed wavelet packet atoms in
at least one computer data object;
iii. causing, by the specifically pro-
grammed processor, the stored plural-
ity of pre-determined deconstructed
wavelet packet atoms to be re-ordered
within the computer data object, based
on utilizing a pre-determined order;
iv. obtaining a statistical measure of the
activity of each of the re-ordered plural-
ity of pre-determined deconstructed
wavelet packet atoms; and
v. normalizing the re-ordered plurality
of pre-determined wavelet packet at-
oms, based on utilizing a pre-deter-
mined normalization factor; and
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3. outputting, a visual indication of at least
one personalized mental state of the partic-
ular individual, at least one personalized
neurological condition of the particular indi-
vidual, or both, based on the processing,
wherein an individual pre-determined pre-
dictor associated with a particular brain
state within the plurality of pre-determined
predictors is generated by the steps con-
sisting of:

ii. obtaining the pre-determined repre-
sentative set of wavelet packet atoms
by:

1. obtaining from a plurality of indi-
viduals, by the specifically pro-
grammed processor, at least one
plurality of electrical signal data
representative of a brain activity of
a particular brain state;
2. selecting a mother wavelet from
a plurality of mother wavelets,
wherein mother wavelet is select-
ed from an wavelet family selected
from the group consisting of: Haar,
Coiflet Daubehies, and Mayer
wavelet families;
3. causing, by the specifically pro-
grammed processor, the at least
one plurality electrical signal data
to be deconstructed into a plurality
of wavelet packet atoms, using the
selected mother wavelet;
4. storing the plurality of wavelet
packet atoms in at least one com-
puter data object;
5. determining, an optimal set of
wavelet packet atoms using the
pre-determined mother wavelet,
and storing the optimal set of wave-
let packet atoms in at least one
computer data obj ect,
wherein the determining is via uti-
lizing a Best Basis algorithm; and
6. applying, by the specifically pro-
grammed processor, wavelet de-
noising to the number of wavelet
packet atoms in the optimal set;

ii. obtaining the pre-determined order-
ing of wavelet packet atoms by:

1. projecting, by the specifically
programmed processor, the at
least one plurality of electrical sig-
nal data representative of a brain
activity for each 4 second window

of the data onto the pre-determined
representative set of wavelet pack-
et atoms;
2. storing the projections in at least
one computer data object;
3. determining, by the specifically
programmed processor, the wire
length for every data point in the
projection by determining the
mean absolute distance of the sta-
tistical measure of the projections
of different channels from their ad-
jacent channels;
4. storing the wire length data in at
least one computer data object;
and
5. re-ordering the stored projec-
tions, by the specifically pro-
grammed computer to minimize a
statistical value of the wire length
value across each time window,
and across all individuals within the
plurality of individuals, and across
the projections; and

iii. obtaining the pre-determined set of
normalization factors by:

1. determining, by the specifically
programmed computer, the mean
and standard deviation of the val-
ues of the stored projections.

[0121] Reference is now made to the following exam-
ples, which together with the above descriptions illustrate
some embodiments of the invention in a non-limiting
fashion.

Examples

Example 1: BAF Representations Obtained from Multiple 
Subjects Performing Specific Cognitive Tasks.

[0122] Figure 5 shows a BAF representation from 7
subjects. Each raw (Y axis) represents the activity of a
single BAF. The color coding is ("hot") indicating that high
activity tends towards red and low activity tends towards
blue. Each column (X axis) represents a vector of activity
at a specific time frame. Thus, the X axis is measured in
time (minutes or seconds). Figure 5 is measured in min-
utes. The specific figure represents activity of 6 subjects
during a cognitive task. Thus, it is possible to concatenate
EEG of different recordings together so that one figure
(or matrix of BAF) represents activity of different tasks,
or different subjects performing (different) tasks. In this
specific figure, the arrows indicate two subjects that have
a relatively similar pattern of activity during the task. Thus,
this figure represents different cognitive strategies per-
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formed during the same cognitive task, performed by dif-
ferent subjects.

Example 2: BAF Representations Obtained from a Sub-
ject Watching Three Movies that Elicit Different Emotion-
al Responses.

[0123] Brain activity (BAF) during three movies (each
recorded at a different time). Referring to Figure 6, it can
be seen that the activity of the second and third movie is
more similar in terms of the BAFs that are active, com-
pared with those active in the first movie. The first movie
(Derailed) includes violence and horror, while the other
two movies (Stolen Life and Skin) are more associated
with sadness and warm feelings. The arrows mark the
time of strong positive emotional feelings in the two mov-
ies. It is evident that the BAFs active at that time are the
same. They are also active in Figure 7 below during med-
itation.

Example 3: BAF Representations Obtained from Seven 
Subjects Performing E-Learning Tasks.

[0124] EEG recordings were obtained from 7 subjects,
according to some embodiments of the present invention,
whilst the subjects were performing specific e-learning
tasks. The BAF representations are shown in Figure 7.
The task included information gathering and then an-
swering questions at two levels of difficulty (this was the
same representation from Figure 5). This was followed
by two experienced meditators performing Gayatri Med-
itation and an inexperienced person performing Japa
meditation immediately followed by music listening. The
active BAFs during the Gayatri meditation were similar
to those that are active during the positive emotional parts
in the movies (Figure 6). There is evidence that experi-
enced meditators demonstrate increased co activation
of mPFC, insula, and temporal lobes while reducing the
activity of the default mode network. There is also evi-
dence of a sense of happiness.

Example 4: BAF Representations Obtained from Subject 
Receiving a Painful Stimulus, Before and After Receiving 
an Anesthetic.

[0125] Referring to Figure 8, the figure represents the
brain activity after receiving anesthesia. The Anesthesia
is induced where the picture becomes mainly blue. It is
seen that a region of activity (the same region in BAF
space that was active during meditation) remains active.
This does not happen to all patients. The two arrows (on
the left) indicate time when pain is induced during the
surgery. It is clear that there is a reactive brain activity to
this induced pain. The arrow on the right represents the
beginning of use of a laser surgical tool, which creates a
large electric noise, thus, the recording from that point is
less clear. One observation in this subject is that once
the laser knife starts its action (stronger pain) the activity

in the region that was active during meditation stops.

Example 5: BAF Representations Obtained from Sub-
jects During a Sleep-Wake Cycle.

[0126] Sleep monitoring is crucial for the early detec-
tion of physical and mental health problems; diagnosis
and treatment of insomnia; and diagnosis and monitoring
of dementia. Fatigue monitoring is crucial when the brain
is engaged in tasks that require fast thinking and re-
sponse, especially in roles where alertness is essential
to performance and safety (e.g. a pilot). Figure 9 indicates
the amount of information that can be obtained using the
said BAF. The upper left panel depicts three sleep stages,
in which brain activity is vastly different. The activity was
recorded from a single person during a single night’s
sleep. The bottom left panel concentrates on the early
sleep stage, demonstrating a different shift from that
stage (which is similar to meditation) into the REM or
dream stage. The top right panel demonstrates an in-
tense dream and cognitive activity during sleep, looking
very similar to the kind of activity that occurs while being
awake, e.g. while watching a movie. The bottom right
panel indicates the strength of BAF for fatigue monitoring:
it depicts the brain activity of a subject briefly falling
asleep while watching a movie. The engagement with
the movie is clear even when the subject is partially falling
asleep, as the line of strong activity behind the (snow-
like noise).

Example 6: BAF Representations Obtained from Sub-
jects During a Memory Recall Task and Stress Detection.

[0127] The activity depicted in Figure 10 is typical dur-
ing a session of questions and answers, or during stim-
ulus identification. The length and strength of the lines is
indicative of the amount of cognitive effort. It is also pos-
sible to see stress at the regions pointed to by the arrows.
The recording was taken during a company interview.
The representation indicates questions which required
more cognitive load to respond to (memory or concen-
tration) and in particular show questions which elicited
stress in the subject.
[0128] Such representation can be useful for lie/stress
detection and for automatic (machine induced interroga-
tion). It can also be used for massive teaching such as
Coursera, where it is important to observe that the subject
is concentrated and focused on the questions. The pat-
tern would look different if the subject had the answer on
a piece of paper or contacted a friend to obtain the an-
swer.
[0129] If detailed BAF representation is specific to a
subject, it may possible to determine the identity of the
subject from the specific BAFs. This can be used for au-
thentication and identity management as well as for com-
petency monitoring indicating when the subject is capa-
ble of performing the required task: is concentrated, not
stressed or otherwise emotionally distracted, is not under
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the influence of drugs or under threat.

Example 7: BAF Representations Obtained from Sub-
jects having Abnormal Brain Activity Associated with a 
Seizure.

[0130] The arrows in Figure 4 indicate a constant ac-
tivity of a certain BAF which may be indicative of a con-
stant activity of a certain brain network or region. Such
constant activity is not normal and appears to be asso-
ciated with pre-seizure activity. The two bottom arrows
indicate the beginning and end of the abnormal activity
of a certain BAF. Using such representation it may be
possible to better quantify and study the factors and stim-
ulations which increase the likelihood of such abnormal
activity and those which reduce it. This can be useful for
intervention, either by suggesting a lifestyle change (re-
laxation, turning light off, consuming sugar, coffee etc.,
or meditation, exercise and other state change. It can
also suggest better disease management via medica-
tions.
[0131] Referring to Figure 3A, an experienced yogi is
performing three types of meditation (indicated via the
horizontal brackets). After the first two meditations and
after the third meditation, the yogi explains what he is
doing. A range in BAFs is indicated with the vertical brack-
ets. This collection of BAFs is of associated with aware-
ness. It is clear that one meditation emphasizes only
these awareness channels, and it is evident in the activity
when the yogi explains what meditation he is doing.
[0132] Referring to Figure 3B, a BAFs representation
is shown from an individual in a vegetative state. The
BAFs highlights in Figure 3A are shown, and are not ac-
tive. However, administration of a stimulus to the individ-
ual was able to activate the BAFs associated with aware-
ness for a short period of time.

Example 8: BAF Representations Obtained from Sub-
jects Observing an Advertisement.

[0133] In Figure 11, the summary statistics of a large
cohort of subjects is shown. Brain activity of the group
was recorded while they were exposed to a TV show (57
minutes) which had several commercial breaks marked
by the arrows at the top. In a preferred embodiment, the
brain activity as interpreted by the said BAFs and was
then clustered into eight clusters of brain activity. The
vertical colored lines represent the proportion of subjects
which happened to be in the same cluster of brain activity
in a specific second of the TV show. The values can
change every second. The red lines indicate that the ma-
jority of subjects were found to be in the same brain ac-
tivity cluster at that second. This indicates engagement
with the show or the advertisements. Using such repre-
sentation can be useful for determining the more engag-
ing parts of the show and the advertisements. When such
recording is done in a distributed manner in many houses
of TV viewers, one can obtain a real time engagement

score which can then be used for advertising effective-
ness and other media explorations.
[0134] In Figure 12, a collection of recordings from two
types of anesthesia medications are presented. It is ev-
ident that the top 6 recordings represent a very different
brain activity as compared to the bottom 8 recordings.
This indicates the power of the technique to separate
between two anesthesia methods, Total IV vs. Gas.

Example 9: BAF Representations BAFs Obtained In Real 
Time

[0135] Figures 2 and 12 illustrate brain activity images
constructed based on the real-time processing of the
EEG signal based on the full matrix and without the re-
scaling. It represents difference in brain activity between
two different anesthetic techniques. The first one is called
TIVA which is Total IV Anesthesia vs. NV which is inha-
lation (gas) anesthesia. Both are considered safe and
are supposed to provide full anesthesia, however, NV is
significantly less costly. The figure demonstrate a strong
difference in brain activity between the two anesthesia
methods, a difference that would not be seen using the
Bispectral index (BIS) monitor.

Example 10: Brain Computer Interface

[0136] Figure 13 shows a BAFs representation from
individual entering into a meditative state (as indicated
by the horizontal bracket A), and leaves the meditated
state. In the Example shown, the brain state in the time
period indicated by the horizontal bracket A is associated
with the meditative state. The system of the present in-
vention analyzes the specific parameters of the BAFs
within the BAFs representation, and applies a machine
learning algorithm to detect a brain state associated with
the meditative state. The system can then issue a specific
command to the individual, once the brain state associ-
ated with the meditative state is detected. For example,
the individual has ALS, and lacks motor control. The in-
dividual enters the meditative state, and the system is-
sues a command for the individual to imagine shooting
a ball into a hoop during the meditative state. All activity
is performed with the eyes open, so as to make sure that
the effects seen are not due to eye movement or being
closed. All activity is also performed with background
noise (family members speaking and watching the activ-
ity) so as to demonstrate the ability to disregard the en-
vironment and be fully concentrated in the activity.
[0137] Taken together, the data presented in Exam-
ples 1-10 show specific predictors for a specific brain
state that were present in the BAF representations of
human subjects. Further, the predictors for a specific
brain state that were present in the BAF representations
of human subjects were associated to brain states de-
scribed in each of these embodiments. Automatic anal-
ysis of such BAF representations, to determine specific
features related to brain activity which include but are not
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limited to abnormality, stress, and engagement can be
done using state of the art techniques in machine learning
and computer vision.
[0138] In some embodiments, the specifically pro-
grammed computer processors and systems of the
present invention can include the use of electronic mobile
devices (e.g., smartphones, etc.) in the distributed net-
work environment, communicating over a suitable data
communication network (e.g., the Internet, etc.) and uti-
lizing at least one suitable data communication protocol
(e.g., IPX/SPX, X.25, AX.25, AppleTalk, TCP/IP (e.g.,
HTTP), etc.).
[0139] An exemplary block diagram of a computer sys-
tem 80 which can be specifically programmed is shown
in Figure 14. Computer system 80 includes a processor
82, such as a central processing unit, an input/output
interface 90 and support circuitry 92. In certain embodi-
ments, where the computer 80 requires a direct human
interface, a display 96 and an input device 98 such as a
keyboard, mouse or pointer are also provided. The dis-
play 96, input device 98, processor 82, and support cir-
cuitry 92 are shown connected to a bus 94 which also
connects to a memory 88. Memory 88 includes program
storage memory 111 and data storage memory 191. Note
that while computer 80 is depicted with direct human in-
terface components display 96 and input device 98, pro-
gramming of modules and exportation of data can alter-
natively be accomplished over the interface 90, for in-
stance, where the computer 80 is connected to a network
and the programming and display operations occur on
another associated computer, or via a detachable input
device as is known with respect to interfacing program-
mable logic controllers.
[0140] Program storage memory 111 and data storage
memory 191 can each comprise volatile (RAM) and non-
volatile (ROM) memory units and can also comprise hard
disk and backup storage capacity, and both program stor-
age memory 111 and data storage memory 191 can be
embodied in a single memory device or separated in plu-
ral memory devices. Program storage memory 111
stores software program modules and associated data,
and in particular stores one or more modules 110. Data
storage memory 191 stores the data sets representative
of the signal data and various software objects utilized
in accordance with the present invention.
[0141] It is to be appreciated that the computer system
80 can be any computer such as a personal computer,
minicomputer, workstation, mainframe, a dedicated con-
troller such as a programmable logic controller, or a com-
bination thereof. While the computer system 80 is shown,
for illustration purposes, as a single computer unit, the
system can comprise a group/farm of computers which
can be scaled depending on the processing load and
database size. In certain embodiments, the system and
method herein can be operate on a user’s computer, for
instance, in a user’s browser, querying among schedule
data that resides on the user’s machine, after having
been downloaded without query from a networked server

computer. However, not all of these components may be
required to practice the invention, and variations in the
arrangement and type of the components may be made.
In some examples, the system and method, which is not
covered by the claims, may include a large number of
users and/or concurrent transactions. In other embodi-
ments, the instant systems are based on a scalable com-
puter and network architecture that incorporates various
strategies for assessing the data, caching, searching,
and database connection pooling. An example of the
scalable architecture is an architecture that is capable of
operating multiple servers that are in real-time commu-
nicating with numerous electronic devices of users (e.g.,
smartphones). In some embodiment, the systems of
present invention can host a large number of electronic
devices of users (e.g., at least 100; at least 1,000, at least
10,000; at least 100,000; at least 1,000,000; at least
1,000,000,000, etc.) and/or perform a large number of
concurrent actions/transactions (e.g., at least 1,000; at
least 10,000; at least 100,000; at least 1,000,000, at least
1,000,000,000, etc.).
[0142] The computing device 80 preferably supports
an operating system, for example stored in program stor-
age memory 111 and executed by the processor 82 from
volatile memory. According to examples, the operating
system contains instructions for executing software rou-
tines programmed in accordance with the examples.
[0143] In various alternate embodiments, examples
not covered by the claims may be implemented as a com-
puter program product for use with a computerized com-
puting system. Those skilled in the art will readily appre-
ciate that programs defining the functions defined by the
examples can be written in any appropriate programming
language and delivered to a computer in many forms,
including but not limited to: (a) information permanently
stored on non-writeable storage media (e.g., read-only
memory devices such as ROMs or CD-ROM disks); (b)
information alterably stored on writeable storage media
(e.g., floppy disks and hard drives); and/or (c) information
conveyed to a computer through communication media,
such as a local area network, a telephone network, or a
public network such as the Internet. When carrying com-
puter readable instructions that implement the present
methods not covered by the claims, such computer read-
able media represent alternate examples.
[0144] For purposes of the instant description, the
terms "cloud," "Internet cloud," "cloud computing," "cloud
architecture," and similar terms correspond to at least
one of the following: (1) a large number of computers
connected through a real-time communication network
(e.g., Internet); (2) providing the ability to run a program
or application on many connected computers (e.g., phys-
ical machines, virtual machines (VMs)) at the same time;
(3) network-based services, which appear to be provided
by real server hardware, and are in fact served up by
virtual hardware (e.g., virtual servers), simulated by soft-
ware running on one or more real machines (e.g., allow-
ing to be moved around and scaled up (or down) on the
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fly without affecting the end user). In some embodiments,
the inventive game-operating system offers/manages
the cloud computing/architecture as, but not limiting to:
infrastructure a service (IaaS), platform as a service
(PaaS), and software as a service (SaaS). Figures 15
and 16 illustrate schematics of exemplary implementa-
tions of the cloud computing/architecture. In some em-
bodiments, the exemplary specifically programmed proc-
essor of the present invention is programmed as a cloud-
based server which receives, over a computer network,
a remotely acquired signal data to analyze such data in
accordance with the principles of the present invention
and to remotely communicate results of such analysis.

Claims

1. A specifically programmed computer system com-
prising:

a. at least one specialized computer machine
comprising:

i. a non-transient memory, electronically
storing particular computer executable pro-
gram code; and
ii. at least one computer processor which,
when executing the particular program
code, becomes a specifically programmed
computer processor configured to perform
at least the following operations:

1. obtaining, in real-time, by a specifi-
cally programmed processor, electrical
signal data representative of brain ac-
tivity of a particular individual;
2. processing, in real-time the electrical
signal data representative of brain ac-
tivity of a particular individual based up-
on an individual pre-determined predic-
tor associated with a particular brain
state, selected from a library of predic-
tors containing a plurality of pre-deter-
mined predictors, wherein each individ-
ual pre-determined predictor is associ-
ated with a unique brain state,
wherein the pre-determined predictor
associated with a particular brain state
comprises:

i. a pre-determined mother wave-
let,
ii. a pre-determined representative
set of wavelet packet atoms creat-
ed from the pre-determined mother
wavelet,
iii. a pre-determined ordering of
wavelet packet atoms, and

iv. a pre-determined set of normal-
ization factors,

wherein the processing comprises:

i. causing, by the specifically pro-
grammed processor, the electrical
signal data to be deconstructed in-
to a plurality of pre-determined de-
constructed wavelet packet atoms,
utilizing the pre-determined repre-
sentative set of wavelet packet at-
oms,
wherein time windows of the elec-
trical signal data are projected onto
the pre-determined representative
set of wavelet packet atoms,
wherein the projection is via con-
volution or inner product, and
wherein each pre-determined rep-
resentative wavelet packet atom
corresponds to a particular pre-de-
termined brain activity feature from
a library of a plurality of pre-deter-
mined brain activity features;
ii. storing the plurality of pre-deter-
mined deconstructed wavelet
packet atoms in at least one com-
puter data object;
iii. causing, by the specifically pro-
grammed processor, the stored
plurality of pre-determined decon-
structed wavelet packet atoms to
be re-ordered within the computer
data object, based on utilizing a
pre-determined order;
iv. obtaining a statistical measure
of the activity of each of the re-or-
dered plurality of pre-determined
deconstructed wavelet packet at-
oms; and
v. normalizing the re-ordered plu-
rality of pre-determined wavelet
packet atoms, based on utilizing a
pre-determined normalization fac-
tor; and

3. outputting, a visual indication of at
least one personalized mental state of
the particular individual, at least one
personalized neurological condition of
the particular individual, or both, based
on the processing, wherein the normal-
ized, re-ordered plurality of a statistical
measure of projections onto pre-deter-
mined wavelet packet atoms is assem-
bled into a visual representation,
wherein each individual normalized
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pre-determined wavelet packet atom in
the plurality corresponds to a brain ac-
tivity feature, BAF, and is arranged in
the representation according the pre-
determined order;
wherein an individual pre-determined
predictor associated with a particular
brain state within the plurality of pre-
determined predictors is generated by
the steps consisting of:

i. obtaining the pre-determined
representative set of wavelet pack-
et atoms by:

1. obtaining from a plurality of
individuals, by the specifically
programmed processor, at
least one plurality of electrical
signal data representative of a
brain activity of a particular
brain state;
2. selecting a mother wavelet
from a plurality of mother
wavelets,
wherein mother wavelet is se-
lected from an wavelet family
selected from the group con-
sisting of: Haar, Coiflet Daub-
ehies, and Mayer wavelet fam-
ilies;
3. causing, by the specifically
programmed processor, the at
least one plurality electrical
signal data to be deconstruct-
ed into a plurality of wavelet
packet atoms, using the se-
lected mother wavelet;
4. storing the plurality of wave-
let packet atoms in at least one
computer data object;
5. determining, an optimal set
of wavelet packet atoms, and
storing the optimal set of
wavelet packet atoms in at
least one computer data ob-
ject,
wherein the determining is via
utilizing a Best Basis algo-
rithm; and
6. applying, by the specifically
programmed processor,
wavelet denoising to the
number of wavelet packet at-
oms in the optimal set;

ii. obtaining the pre-determined or-
dering of wavelet packet atoms by:

1. projecting, by the specifical-
ly programmed processor, the
at least one plurality of electri-
cal signal data representative
of a brain activity for time win-
dow of the data onto the pre-
determined representative set
of wavelet packet atoms;
2. storing the projections in at
least one computer data ob-
ject;
3. determining, by the specifi-
cally programmed processor,
the wire length for every data
point in the projection by de-
termining the mean absolute
distance of the statistical
measure of the projections of
different channels from their
adjacent channels;
4. storing the wire length data
in at least one computer data
object; and
5. re-ordering the stored pro-
jections, by the specifically
programmed computer to min-
imize a statistical value of the
wire length value across each
time window, and across all in-
dividuals within the plurality of
individuals, and across the
projections; and

iii. obtaining the pre-determined
set of normalization factors by:

1. determining, by the specifi-
cally programmed computer,
the mean and standard devia-
tion of the values of the stored
projections.

wherein the electrical signal data representative of
brain activity of a particular individual is recorded us-
ing two electrodes located on the forehead of the
particular individual, wherein the two electrodes
comprise at least one recording electrode and at
least one reference electrode; or
wherein the electrical signal data representative of
brain activity of a particular individual is recorded us-
ing three electrodes located on the forehead of the
particular individual, wherein the three electrodes
comprise at least one recording electrode and at
least one reference electrode.

2. The system of claim 1,
wherein each time window is a four second time win-
dow.
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3. The system of claim 1 or 2,
wherein the statistical value is selected from the
group consisting of: the mean of the sum of the ab-
solute differences of the wavelet packet atoms, and
a mean of the sum of (1 - correlation) of the wavelet
packet atoms.

4. The system of one of claims 1 to 3,
wherein the system is configured to obtain at least
100 recordings of electrical signal data.

5. The system of one of claims 1 to 4,
wherein the processor is configured to estimate the
energy of each projection.

6. The system of one of claims 1 to 5,
wherein the visual indication of at least one person-
alized mental state of the particular individual, at
least one personalized neurological condition of the
particular individual, or both, is color coded.

7. The system of one of claims 1 to 6,
wherein the visual indication of at least one person-
alized mental state of the particular individual is used
to identify an underlying mental state, an underlying
neurological condition, or a combination of an un-
derlying mental state and an underlying neurological
condition, in the particular individual, wherein the
specifically programmed computer utilizes at least
one machine learning algorithm selected from the
group consisting of logistic regression modeling,
support vector machine modeling, and a deep learn-
ing modeling, to assign at least one specific brain
state to the visual indication of at least one person-
alized mental state of the particular individual,
wherein the at least one specific brain state is asso-
ciated with a mental state, a neurological condition,
or a combination of a mental state and a neurological
condition.

8. The system of claim 7,
wherein the assignment of at least one specific brain
state to the visual indication of at least one person-
alized mental state of the particular individual iden-
tifies an abnormality in at least one neural network
in the brain of the particular individual associated
with a particular neurological condition.

9. The system of claim 8,
wherein the abnormality in at least one neural net-
work in the brain of the particular individual is used
to diagnose the particular individual having a neuro-
logical condition.

10. The system of one of claims 7 to 9,
wherein the neurological condition is selected from
the group consisting of, Alzheimer’s disease, de-
mentia, stress, fatigue, anxiety, epilepsy, traumatic

brain injury, loss of cognitive function, coma, a lack
of response, or inappropriate response to external
stimuli associated with autism, or autism spectrum
disorders, a lack of concentration, chronic pain, mi-
graine, and sleep disorders.

11. The system of one of claims 1 to 10,
wherein the visual indication of at least one person-
alized mental state of the particular individual receiv-
ing a therapy is used to determine the effectiveness
of the therapy, the nature of the therapy to be ad-
ministered, the duration of the therapy, and/or the
dosing regimen of the therapy.

Patentansprüche

1. Speziell programmiertes Computersystem, aufwei-
send:

a. mindestens einen spezialisierten Rechner,
aufweisend:

i. einen dauerhaften Speicher, der einen be-
stimmten computerausführbaren Pro-
grammcode elektronisch speichert; und
ii. mindestens einen Computerprozessor,
der bei der Ausführung des bestimmten
Programmcodes zu einem speziell pro-
grammierten Computerprozessor wird, der
so konfiguriert ist, dass er mindestens die
folgenden Operationen ausführt:

1. Gewinnen, in Echtzeit durch einen
speziell programmierten Prozessor,
von elektrischen Signaldaten, die für
die Gehirnaktivität eines bestimmten
Individuums repräsentativ sind;
2. Verarbeiten, in Echtzeit, der elektri-
schen Signaldaten, die für die Gehirn-
aktivität eines bestimmten Individuums
repräsentativ sind, basierend auf ei-
nem individuellen vorbestimmten Prä-
diktor, der einem bestimmten Gehirn-
zustand zugeordnet ist, ausgewählt
aus einer Bibliothek von Prädiktoren,
die eine Vielzahl von vorbestimmten
Prädiktoren enthält, wobei jeder indivi-
duelle vorbestimmte Prädiktor einem
einzigartigen Gehirnzustand zugeord-
net ist,
wobei der vorbestimmte Prädiktor, der
einem bestimmten Gehirnzustand zu-
geordnet ist, aufweist:

i. ein vorbestimmtes Mutter-Wave-
let,
ii. einen vorbestimmten repräsen-
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tativen Satz von Wavelet-Paketa-
tomen, der aus dem vorbestimm-
ten Mutter-Wavelet erzeugt wird,
iii. eine vorbestimmte Ordnung von
Wavelet-Paketatomen, und
iv. einen vorbestimmten Satz von
Normalisierungsfaktoren, wobei
die Verarbeitung aufweist:

i. Veranlassen, dass durch
den speziell programmierten
Prozessor die elektrischen Si-
gnaldaten unter Verwendung
des vorbestimmten repräsen-
tativen Satzes von Wavelet-
Paketatomen in eine Vielzahl
von vorbestimmten zerlegten
Wavelet-Paketatomen zerlegt
werden,
wobei Zeitfenster der elektri-
schen Signaldaten auf den
vorbestimmten repräsentati-
ven Satz von Wavelet-Paketa-
tomen projiziert werden,
wobei die Projektion durch
Faltung oder inneres Produkt
erfolgt, und
wobei jedes vorbestimmte re-
präsentative Wavelet-Paketa-
tom einem bestimmten vorbe-
stimmten Gehirnaktivitäts-
merkmal aus einer Bibliothek
einer Vielzahl vorbestimmter
Gehirnaktivitätsmerkmale
entspricht;
ii. Speichern der Vielzahl vor-
bestimmter zerlegter Wavelet-
Paketatome in mindestens ei-
nem Computerdatenobjekt;
iii. Bewirken, durch den spezi-
ell programmierten Prozes-
sor, dass die gespeicherte
Vielzahl von vorbestimmten
zerlegten Wavelet-Paketato-
men innerhalb des Computer-
datenobjekts neu geordnet
wird, basierend auf der Ver-
wendung einer vorbestimm-
ten Reihenfolge;
iv. Erhalten eines statistischen
Maßes der Aktivität von jedem
der neu geordneten Vielzahl
von vorbestimmten zerlegten
Wavelet-Paketatomen; und
v. Normalisieren der neu ge-
ordneten Vielzahl von vorbe-
stimmten Wavelet-Paketato-
men, basierend auf der Ver-

wendung eines vorbestimm-
ten Normalisierungsfaktors;
und

3. Ausgeben einer visuellen Anzeige
mindestens eines individualisierten
mentalen Zustands des bestimmten In-
dividuums, mindestens eines individu-
alisierten neurologischen Zustands
des bestimmten Individuums oder bei-
der, basierend auf der Verarbeitung,
wobei die normalisierte, neu geordnete
Vielzahl statistischer Maße von Projek-
tionen auf vorbestimmte Wavelet-Pa-
ketatome zu einer visuellen Darstel-
lung zusammengesetzt wird, wobei je-
des individualisierte normalisierte vor-
bestimmte Wavelet-Paketatom der
Vielzahl einem Gehirnaktivitätsmerk-
mal entspricht und in der Darstellung
gemäß der vorbestimmten Reihenfolge
angeordnet ist; wobei ein individueller
vorbestimmter Prädiktor, der einem be-
stimmten Gehirnzustand innerhalb der
Vielzahl vorbestimmter Prädiktoren zu-
geordnet ist, durch die Schritte erzeugt
wird bestehend aus

i. Erhalten des vorbestimmten re-
präsentativen Satzes von Wave-
let-Paketatomen durch:

1. Erhalten von einer Vielzahl
von Individuen, durch den
spezifisch programmierten
Prozessor, mindestens einer
Vielzahl von elektrischen Sig-
naldaten, die für eine Gehirn-
aktivität eines bestimmten Ge-
hirnzustandes repräsentativ
sind;
2. Auswählen eines Mutter-
Wavelets aus einer Vielzahl
von Mutter-Wavelets,
wobei das Mutter-Wavelet aus
einer Wavelet-Familie ausge-
wählt wird, die aus der Gruppe
bestehend aus Haar-, Coiflet-
Daubehies- und Mayer-Wave-
let-Familien ausgewählt wird;
3. Veranlassen, dass durch
den speziell programmierten
Prozessor die mindestens ei-
ne Vielzahl von elektrischen
Signaldaten unter Verwen-
dung des ausgewählten Mut-
ter-Wavelets in eine Vielzahl
von Wavelet-Paketatomen
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zerlegt wird;
4. Speichern der Vielzahl von
Wavelet-Paketatomen in min-
destens einem Computerda-
tenobjekt;
5. Bestimmen eines optimalen
Satzes von Wavelet-Paketa-
tomen und Speichern des op-
timalen Satzes von Wavelet-
Paketatomen in mindestens
einem Computerdatenobjekt,
wobei die Bestimmung über
die Verwendung eines Beste-
Basis-Algorithmus erfolgt; und
6. Anwenden einer Wavelet-
Entrauschung durch den spe-
ziell programmierten Prozes-
sor auf die Anzahl der Wave-
let-Paketatome in dem opti-
malen Satz;

ii. Erhalten der vorbestimmten Rei-
henfolge der Wavelet-Paketatome
durch:

1. Projizieren, durch den spe-
ziell programmierten Prozes-
sor, der mindestens einen
Vielzahl von elektrischen Sig-
naldaten, die für eine Gehirn-
aktivität für ein Zeitfenster der
Daten repräsentativ sind, auf
die vorbestimmte repräsenta-
tive Menge von Wavelet-Pa-
ketatomen;
2. Speichern der Projektionen
in mindestens einem Compu-
terdatenobjekt;
3. Bestimmen, durch den spe-
ziell programmierten Prozes-
sor, der Leitungslänge für je-
den Datenpunkt in der Projek-
tion, indem der mittlere abso-
lute Abstand des statistischen
Maßes der Projektionen ver-
schiedener Kanäle von ihren
Nachbarkanälen bestimmt
wird;
4. Speichern der Leitungslän-
gendaten in mindestens ei-
nem Computerdatenobjekt;
und
5. Neuordnen der gespeicher-
ten Projektionen durch den
speziell programmierten
Computer, um einen statisti-
schen Wert des Leitungslän-
genwertes über jedes Zeit-

fenster und über alle Individu-
en innerhalb der Vielzahl von
Individuen und über die Pro-
jektionen hinweg zu minimie-
ren; und

iii. Erhalten des vorbestimmten
Satzes von Normalisierungsfakto-
ren durch:

1. Bestimmen, durch den spe-
ziell programmierten Compu-
ter, der mittleren und der Stan-
dardabweichung der Werte
der gespeicherten Projektio-
nen,

wobei die elektrischen Signaldaten, die für die Ge-
hirnaktivität eines bestimmten Individuums reprä-
sentativ sind, unter Verwendung von zwei Elektro-
den aufgezeichnet werden, die sich auf der Stirn des
bestimmten Individuums befinden, wobei die beiden
Elektroden mindestens eine Aufzeichnungselektro-
de und mindestens eine Referenzelektrode aufwei-
sen; oder
wobei die elektrischen Signaldaten, die für die Ge-
hirnaktivität eines bestimmten Individuums reprä-
sentativ sind, unter Verwendung von drei Elektroden
aufgezeichnet werden, die sich auf der Stirn des be-
stimmten Individuums befinden, wobei die drei Elek-
troden mindestens eine Aufzeichnungselektrode
und mindestens eine Referenzelektrode aufweisen.

2. System nach Anspruch 1,
wobei jedes Zeitfenster ein Zeitfenster von vier Se-
kunden ist.

3. System nach Anspruch 1 oder 2,
wobei der statistische Wert ausgewählt ist aus der
Gruppe bestehend aus: dem Mittelwert der Summe
der absoluten Differenzen der Wavelet-Paketatome,
und einem Mittelwert der Summe (1 - Korrelation)
der Wavelet-Paketatome.

4. System nach einem der Ansprüche 1 bis 3,
wobei das System so konfiguriert ist, dass es min-
destens 100 Aufzeichnungen von elektrischen Sig-
naldaten erhält.

5. System nach einem der Ansprüche 1 bis 4,
wobei der Prozessor so konfiguriert ist, dass er die
Energie jeder Projektion schätzt.

6. System nach einem der Ansprüche 1 bis 5,
wobei die visuelle Anzeige mindestens eines indivi-
dualisierten mentalen Zustands des betreffenden In-
dividuums, mindestens eines individualisierten neu-
rologischen Zustands des bestimmten Individuums
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oder beider farbcodiert ist.

7. System nach einem der Ansprüche 1 bis 6,
wobei die visuelle Anzeige mindestens eines indivi-
dualisierten mentalen Zustands des bestimmten In-
dividuums verwendet wird, um einen zugrundelie-
genden mentalen Zustand, einen zugrundeliegen-
den neurologischen Zustand oder eine Kombination
aus einem zugrundeliegenden mentalen Zustand
und einem zugrundeliegenden neurologischen Zu-
stand in dem bestimmten Individuum zu identifizie-
ren, wobei der speziell programmierte Computer
mindestens einen maschinellen Lernalgorithmus
verwendet, der aus der Gruppe ausgewählt ist, die
aus logistischer Regressionsmodellierung, Stütz-
vektormaschinen-Modellierung und einer Tiefenler-
nen-Modellierung besteht, um mindestens einen
speziellen Gehirnzustand der visuellen Anzeige von
mindestens einem individualisierten mentalen Zu-
stand des bestimmten Individuums zuzuordnen, wo-
bei der mindestens eine spezielle Gehirnzustand ei-
nem mentalen Zustand, einem neurologischen Zu-
stand oder einer Kombination aus einem mentalen
Zustand und einem neurologischen Zustand zuge-
ordnet ist.

8. System nach Anspruch 7,
wobei die Zuordnung von mindestens einem spezi-
ellen Gehirnzustand zu der visuellen Anzeige von
mindestens einem individualisierten mentalen Zu-
stand des bestimmten Individuums eine Anomalie in
mindestens einem neuronalen Netzwerk im Gehirn
des bestimmten Individuums identifiziert, die einem
bestimmten neurologischen Zustand zugeordnet ist.

9. System nach Anspruch 8,
wobei die Anomalie in mindestens einem neurona-
len Netzwerk im Gehirn des bestimmten Individuums
zur Diagnose des bestimmten Individuums mit einer
neurologischen Erkrankung verwendet wird.

10. System nach einem der Ansprüche 7 bis 9,
wobei die neurologische Erkrankung ausgewählt ist
aus der Gruppe bestehend aus: Alzheimer-Krank-
heit, Demenz, Stress, Müdigkeit, Angst, Epilepsie,
traumatische Gehirnverletzung, Verlust der kogniti-
ven Funktion, Koma, fehlende oder unangemessene
Reaktion auf externe Stimuli im Zusammenhang mit
Autismus oder Störungen des Autismus-Spektrums,
Konzentrationsmangel, chronische Schmerzen, Mi-
gräne und Schlafstörungen.

11. System von einem der Ansprüche 1 bis 10,
wobei die visuelle Anzeige mindestens eines indivi-
dualisierten mentalen Zustands des bestimmten In-
dividuums, das eine Therapie erhält, verwendet
wird, um die Wirksamkeit der Therapie, die Art der
zu verabreichenden Therapie, die Dauer der Thera-

pie und/oder das Dosierungsschema der Therapie
zu bestimmen.

Revendications

1. Système informatique programmé spécifiquement
comprenant :

a. au moins une machine informatique spécia-
lisée comprenant :

i. une mémoire non transitoire, stockant
électroniquement un code de programme
particulier exécutable par ordinateur ; et
ii. au moins un processeur informatique qui,
lors de l’exécution du code de programme
particulier, devient un processeur informa-
tique programmé spécifiquement, configu-
ré pour effectuer au moins les opérations
suivantes :

1. obtenir, en temps réel, par un pro-
cesseur programmé spécifiquement,
des données de signaux électriques re-
présentatives de l’activité cérébrale
d’un individu particulier ;
2. traiter, en temps réel, les données
de signaux électriques représentatives
de l’activité cérébrale d’un individu par-
ticulier sur la base d’un prédicteur pré-
déterminé individuel associé à un état
cérébral particulier, sélectionné dans
une bibliothèque de prédicteurs conte-
nant une pluralité de prédicteurs pré-
déterminés, chaque prédicteur prédé-
terminé individuel étant associé à un
état cérébral unique,
dans lequel le prédicteur prédéterminé
associé à un état cérébral particulier
comprend :

i. une ondelette mère prédétermi-
née,
ii. un ensemble représentatif pré-
déterminé d’atomes de paquets
d’ondelettes créé à partir de l’on-
delette mère prédéterminée,
iii. un ordre prédéterminé d’atomes
de paquets d’ondelettes, et
iv. un ensemble prédéterminé de
facteurs de normalisation, dans le-
quel le traitement consiste à :

i. faire en sorte, par le proces-
seur programmé spécifique-
ment, que les données de si-
gnaux électriques soient dé-
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construites en une pluralité
d’atomes de paquets d’onde-
lettes déconstruits prédéter-
minés, en utilisant l’ensemble
représentatif prédéterminé
d’atomes de paquets d’onde-
lettes,
dans lequel des fenêtres tem-
porelles des données de si-
gnaux électriques sont proje-
tées sur l’ensemble représen-
tatif prédéterminé d’atomes de
paquets d’ondelettes,
dans lequel la projection se fait
par convolution ou produit in-
térieur, et
dans lequel chaque atome de
paquet d’ondelettes représen-
tatif prédéterminé correspond
à une caractéristique d’activité
cérébrale prédéterminée par-
ticulière issue d’une bibliothè-
que d’une pluralité de caracté-
ristiques d’activité cérébrale
prédéterminées ;
ii. stocker la pluralité d’atomes
de paquets d’ondelettes dé-
construits prédéterminés
dans au moins un objet de
données informatiques ;
iii. faire en sorte, par le proces-
seur programmé spécifique-
ment, que la pluralité stockée
d’atomes de paquets d’onde-
lettes déconstruits prédéter-
minés soit réordonnée dans
l’objet de données informati-
ques, sur la base de l’utilisa-
tion d’un ordre prédéterminé ;
iv. obtenir une mesure statisti-
que de l’activité de chacun de
la pluralité réordonnée d’ato-
mes de paquets d’ondelettes
déconstruits prédéterminés ;
et
v. normaliser la pluralité réor-
donnée d’atomes de paquets
d’ondelettes prédéterminés,
sur la base de l’utilisation d’un
facteur de normalisation
prédéterminé ; et

3. fournir une indication visuelle d’au
moins un état mental personnalisé de
l’individu particulier, d’au moins une af-
fection neurologique personnalisée de
l’individu particulier, ou des deux, sur
la base du traitement, dans lequel la

pluralité normalisée réordonnée d’une
mesure statistique de projections sur
des atomes de paquets d’ondelettes
prédéterminés est assemblée en une
représentation visuelle, dans lequel
chaque atome de paquet d’ondelettes
prédéterminé normalisé individuel
dans la pluralité correspond à une ca-
ractéristique d’activité cérébrale, BAF,
et est disposé dans la représentation
selon l’ordre prédéterminé ;
dans lequel un prédicteur prédéterminé
individuel associé à un état cérébral
particulier parmi la pluralité de prédic-
teurs prédéterminés est généré par les
étapes consistant à :

i. obtenir l’ensemble représentatif
prédéterminé d’atomes de pa-
quets d’ondelettes en :

1. obtenant, à partir d’une plu-
ralité d’individus, par le pro-
cesseur programmé spécifi-
quement, au moins une plura-
lité de données de signaux
électriques représentatives
d’une activité cérébrale d’un
état cérébral particulier ;
2. sélectionnant une ondelette
mère parmi une pluralité d’on-
delettes mères,
dans lequel l’ondelette mère
est sélectionnée dans une fa-
mille d’ondelettes choisie
dans le groupe constitué par
les familles d’ondelettes de
Haar, de Coiflet Daubehies et
de Mayer ;
3. faisant en sorte que le pro-
cesseur programmé spécifi-
quement déconstruise ladite
au moins une pluralité de don-
nées de signaux électriques
en une pluralité d’atomes de
paquets d’ondelettes, en utili-
sant l’ondelette mère
sélectionnée ;
4. stockant la pluralité d’ato-
mes de paquets d’ondelettes
dans au moins un objet de
données informatiques ;
5. déterminant un ensemble
optimal d’atomes de paquets
d’ondelettes et stockant l’en-
semble optimal d’atomes de
paquets d’ondelettes dans au
moins un objet de données in-
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formatiques,
dans lequel la détermination
se fait par l’utilisation d’un al-
gorithme de choix de la
meilleure base ; et
6. appliquant, par le proces-
seur programmé spécifique-
ment, un débruitage d’onde-
lettes au nombre d’atomes de
paquets d’ondelettes dans
l’ensemble optimal ;

ii. obtenir l’ordre prédéterminé
d’atomes de paquets d’ondelettes
en :

1. projetant, par le processeur
programmé spécifiquement,
ladite au moins une pluralité
de données de signaux élec-
triques représentatives d’une
activité cérébrale pour une fe-
nêtre temporelle des données
sur l’ensemble représentatif
prédéterminé d’atomes de pa-
quets d’ondelettes ;
2. stockant les projections
dans au moins un objet de
données informatiques ;
3. déterminant, par le proces-
seur programmé spécifique-
ment, la longueur de fil pour
chaque point de données
dans la projection en détermi-
nant la distance absolue
moyenne de la mesure statis-
tique des projections de diffé-
rents canaux par rapport à
leurs canaux adjacents ;
4. stockant les données de
longueur de fil dans au moins
un objet de données
informatiques ; et
5. réordonnant les projections
stockées, par l’ordinateur pro-
grammé spécifiquement, pour
minimiser une valeur statisti-
que de la valeur de longueur
de fil pour chaque fenêtre tem-
porelle, pour tous les individus
dans la pluralité d’individus et
pour toutes les projections ; et

iii. obtenir l’ensemble prédétermi-
né de facteurs de normalisation
en :

1. déterminant, par l’ordina-

teur programmé spécifique-
ment, la moyenne et l’écart-ty-
pe des valeurs des projections
stockées,

dans lequel les données de signaux électriques re-
présentatives de l’activité cérébrale d’un individu
particulier sont enregistrées à l’aide de deux élec-
trodes situées sur le front de l’individu particulier, les
deux électrodes comprenant au moins une électrode
d’enregistrement et au moins une électrode de
référence ; ou
dans lequel les données de signaux électriques re-
présentatives de l’activité cérébrale d’un individu
particulier sont enregistrées à l’aide de trois électro-
des situées sur le front de l’individu particulier, les
trois électrodes comprenant au moins une électrode
d’enregistrement et au moins une électrode de réfé-
rence.

2. Système selon la revendication 1,
dans lequel chaque fenêtre temporelle est une fe-
nêtre temporelle de quatre secondes.

3. Système selon la revendication 1 ou 2,
dans lequel la valeur statistique est choisie dans le
groupe constitué par : la moyenne de la somme des
différences absolues des atomes de paquets d’on-
delettes, et une moyenne de la somme de (1 - cor-
rélation) des atomes de paquets d’ondelettes.

4. Système selon l’une des revendications 1 à 3,
dans lequel le système est configuré pour obtenir au
moins 100 enregistrements de données de signaux
électriques.

5. Système selon l’une des revendications 1 à 4,
dans lequel le processeur est configuré pour estimer
l’énergie de chaque projection.

6. Système selon l’une des revendications 1 à 5,
dans lequel l’indication visuelle d’au moins un état
mental personnalisé de l’individu particulier, d’au
moins une affection neurologique personnalisée de
l’individu particulier, ou des deux, est codée par cou-
leur.

7. Système selon l’une des revendications 1 à 6,
dans lequel l’indication visuelle d’au moins un état
mental personnalisé de l’individu particulier est uti-
lisée pour identifier un état mental sous-jacent, une
affection neurologique sous-jacente ou une combi-
naison d’un état mental sous-jacent et d’une affec-
tion neurologique sous-jacente, chez l’individu par-
ticulier, dans lequel l’ordinateur programmé spécifi-
quement utilise au moins un algorithme d’apprentis-
sage automatique choisi dans le groupe constitué
par la modélisation par régression logistique, la mo-
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délisation par machine à vecteurs de support et une
modélisation par apprentissage profond, pour attri-
buer au moins un état cérébral spécifique à l’indica-
tion visuelle d’au moins un état mental personnalisé
de l’individu particulier, dans lequel ledit au moins
un état cérébral spécifique est associé à un état men-
tal, à une affection neurologique ou à une combinai-
son d’un état mental et d’une affection neurologique.

8. Système selon la revendication 7,
dans lequel l’attribution d’au moins un état cérébral
spécifique à l’indication visuelle d’au moins un état
mental personnalisé de l’individu particulier identifie
une anomalie dans au moins un réseau de neurones
dans le cerveau de l’individu particulier, associée à
une affection neurologique particulière.

9. Système selon la revendication 8,
dans lequel l’anomalie dans au moins un réseau de
neurones dans le cerveau de l’individu particulier est
utilisée pour diagnostiquer l’individu particulier ayant
une affection neurologique.

10. Système selon l’une des revendications 7 à 9,
dans lequel l’affection neurologique est choisi dans
le groupe constitué par la maladie d’Alzheimer, la
démence, le stress, la fatigue, l’anxiété, l’épilepsie,
un traumatisme crânien, une perte de fonction co-
gnitive, le coma, une absence de réponse ou une
réponse inappropriée à des stimuli externes asso-
ciée à l’autisme ou à des troubles du spectre autis-
tique, un manque de concentration, une douleur
chronique, la migraine et des troubles du sommeil.

11. Système selon l’une des revendications 1 à 10,
dans lequel l’indication visuelle d’au moins un état
mental personnalisé de l’individu particulier recevant
une thérapie est utilisée pour déterminer l’efficacité
de la thérapie, la nature de la thérapie à administrer,
la durée de la thérapie et/ou le schéma posologique
de la thérapie.
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