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Description

BACKGROUND OF THE INVENTION -FIELD OF IN-
VENTION

[0001] The present invention relates largely to medical
devices concerning the brain, and is a method and ap-
paratus to non-invasively localize, in three dimensions
(3D), electrical activity in the cerebral cortex of the brain,
display the localized electrical activity in the form of 3D
"motion pictures", and to perform statistical analysis and
quantification of the localized electrical activity, all in
near-real time.

BACKGROUND OF THE INVENTION - PRIOR ART

[0002] The human cerebral cortex is the convoluted
outer surface of the brain, commonly known as ’gray mat-
ter’ and is responsible for many of the higher functions
including those associated with thought, action, emotion
and sensation. The cerebral cortex, largely due to its
complexity, is also susceptible to a large number of dis-
orders and diseases, many of which lack proper objective
diagnoses, or require expensive medical equipment to
properly diagnose.
[0003] Often, elucidating specific cortical functions or
diagnosing diseases requires the three-dimensional (3D)
localization of what regions of the cerebral cortex are
responsible, and subsequent display of these regions in
the form of one or more images. There are a number of
existing technologies that have been utilized that accom-
plish this, including examples such as:

a. Magnetic Resonance Imaging (MRI) and Func-
tional Magnetic Resonance Imaging (fMRI); US pat-
ent 4,812,720 (1989)
b. Positron Emission Tomography (PET); US patent
4,284,890 (1981)
c. Single Photon Emission Computed Tomography
(SPECT); US patent 4,584,478 (1986)
d. X-Ray Computed Tomography (CT); US patent
3,922,552 (1975)
e. Magnetoencephalography (MEG); US patent
4,591,787 (1986)

[0004] An apparatus for localization of intracerebral
electrical activity is disclosed in EP 0598478 B1, which
is the closest prior art for the independent claims.
[0005] Each of these technologies has its strengths
and weaknesses. Some of the technologies listed above
are capable of localizing specific features to a resolution
of less than 1 mm, although only MEG is capable of cap-
turing many three-dimensional images per second at that
resolution; the others require seconds to minutes for each
image. MEG is also the most costly of the above tech-
nologies and the least accessible. In general, these tech-
nologies are very expensive, typically $1,000,000-
$10,000,000 USD per machine. In addition to the cost of

the machine itself, technical staff, maintenance fees, spe-
cialized environments, and chemical or radioactive
agents may also be required. For example, SPECT and
PET scanners perform their function by detecting injected
radioisotopes to obtain functional and/or spatial informa-
tion; the sensitivity of MRI scanners can be increased by
introducing chemical contrast agents into subjects; and
MEG scanners require magnetically shielded rooms, of-
ten located underground. These machines are physically
large and require entire spaces to be devoted to their
function, hence restricted to larger medical institutions
and universities, and most definitely not portable. It is
primarily for the aforementioned reasons that these tech-
nologies are largely inaccessible to both members of the
general population and much of the academic and private
research community.
[0006] Consequently, there is a clear need for new
technologies that can perform to a similar level, but for
much-reduced base and operating costs, while increas-
ing portability.
[0007] There exists, however, a related technology
that can match the temporal resolution of MEG, is port-
able, but cannot localize in three dimensions events that
take place within the cerebral cortex. The related tech-
nology, the electroencephalograph (EEG) recorder, can
measure electrical potentials between any number of
electrodes placed on a subject’s scalp, and changes in
the electrical activity of the cerebral cortex will produce
a change in voltage, or electric potential, of the electrode.
When the individually measured changes in voltage from
an electrode are measured over time, it becomes a sig-
nal. The electrical activity of the cerebral cortex is thought
to originate from the interactions between the firing (and
resulting movement of ions) of excitatory pyramidal cells
and inhibitory interneurons.
[0008] Attempts have been made within prior art to lo-
calize EEG signals and to elucidate the spatiotemporal
patterns of electrical activity within the cerebral cortex,
although there have been significant shortcomings in the
results that these methodologies produce; for example,
US patent 4,407,299 to Culver (1983) restricts localiza-
tion to a two-dimensional topographic map based on the
known positions of the EEG electrodes but does not offer
any depth information; US patent 5,361,774 to Yamazaki
requires prior knowledge of the function in question to
generate an assumption by which the localization solu-
tion can refine; and US patent 5,701,909 to Amir requires
extensive computer processing due to solution-specific
optimization which precludes widespread general use.
US patent 5,307,807 to Valdes Sosa (1994) describes a
method and system to localize EEG signals in three di-
mensions, using an inverse solution approximation
source localization algorithm, however it does not reduce
to practice any applications, nor is it performed in near
real-time, significantly reducing the clinical relevance,
and it relies on tomographs (2D slices) to convey three-
dimensional data, which complicates the interpretation
of contiguous 3D data.
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BACKGROUND OF THE INVENTION - OBJECTS AND 
ADVANTAGES

[0009] Accordingly, several objects and advantages of
the present invention are as follows:
[0010] it is an object of the invention to be used to lo-
calize electrical activity in the human cerebral cortex in
three-dimensions;
[0011] it is an object of the invention to be used as an
aid for diagnosis, and as an aid to medical monitoring
and as an aid to treatment;
[0012] it is an object of the invention to be used as a
research aid to investigate mental, psychological, and
physical cortical processes, states, and/or conditions;
[0013] it is an object of the invention to be used in non-
medical applications including entertainment, games, lie
detection, industrial applications, peak performance
training and educational purposes;
[0014] it is an object of the invention to display images
of the localized electrical activity in 3D, in near-real time,
in an intuitive manner in accordance with the interpreta-
tive ability and organization of the brains of the operators
to understand the changing electrical activity in real-time
3D terms as opposed to 2D slices which are awkward to
look at as seen with tomographic methods;
[0015] it is an object of the invention to record, display
and analyze the localized electrical activity in various
forms in near-real time: 1) transient, i.e. brief cortical ac-
tivities (including events lasting less than a second); 2)
cortical states which are longer activities; and 3) transi-
tions from state to state or from event to event and be-
tween events and states;
[0016] it is an object of the invention to store the re-
corded localized electrical activity or original electrical
signals to a recordable medium for later review;
[0017] the invention accomplishes the above all in
near-real time with superior temporal resolution; conven-
tional imaging modalities (with the exception of MEG) are
not fast enough to capture fine details of many of events
that occur in the cerebral cortex. Our invention also has
the ability to detect events as short as permitted by the
EEG amplifier utilized by the system; typically half a mil-
lisecond or less. The only other cortical imaging modality
capable of this temporal resolution, MEG, is approxi-
mately 500 times more expensive than this setup and
requires special magnetically shielded rooms;
[0018] the invention accomplishes the above in a com-
putationally inexpensive manner, by incorporating the
latest in inverse solution approximation source-localiza-
tion algorithms. The algorithms mathematically recon-
struct a three-dimensional electric activity distribution
from a montage of EEG electrodes placed externally on
the scalp. The algorithms have a spatial accuracy of ap-
proximately 7 mm or better, depending on which of the
algorithms is utilized;
[0019] the invention can utilize many such algorithms,
some of which have already attained extensive peer re-
view, such as the LORETA, S-LORETA, and the Mini-

mum Norm algorithms.
[0020] the invention accomplishes the above in a port-
able and inexpensive manner by avoiding the prohibitive
operating and setup costs that render conventional cor-
tical imaging modalities a inaccessible and by utilizing
inexpensive EEG equipment coupled with a mobile com-
puter running custom software;
[0021] the invention is practical, and can be used in an
ordinary office setting and even potentially in an ambu-
lance or in an operating room;
[0022] the invention is safe as it utilizes a type of hard-
ware (EEG amplifiers and electrodes) that has been prov-
en safe and has been in clinical use for several decades;
[0023] the invention can be used to make a rapid di-
agnosis as it operates in near-real time, which is of great
practical use since a patient can potentially be diagnosed
on the spot. This can potentially save lives as it could
speed up implementing the correct treatment. In addition,
in the absence of a rapid diagnosis, the delay leaves both
doctor and patient alike wondering about the outcome;
[0024] the invention, by localizing EEG in 3D provides
useful information about cortical activity that would oth-
erwise be very difficult to find in the original EEG signals,
due to the fact that signals from an electrode that when
examined in isolation appear as "noise" because they
are without spatial context. Localization provides a partial
solution to the so called "signal to noise" problem which
is a key challenge in the field and has been an impeding
factor in developing EEG-based clinical diagnostic tests.
[0025] The objects of the present invention are useful
and provides clear advantages over prior art for under-
standing how the brain works, for diagnosing and moni-
toring various neurological and psychological conditions,
and as a guidance system for targeting parts of the brain
for treatment interventions. For example, as much as 68
% of the EEGs of psychiatric patients are abnormal, and
there is a need for technologies that can localize the dis-
turbed parts of the brain.

FURTHER OBJECTS AND ADVANTAGES OF THE IN-
VENTION

[0026] Part of the value of the invention is derived from
it being a near-real time modality but significant additional
value originates from the analytical power created by its
various data filters, three-dimensional display tools, sta-
tistical analysis tools and the graphical user interface,
implemented within our software. By the term "graphical
user interface" we mean our method of display and pre-
senting images and visual information on the screen to
the operator and not simply "still" two dimensional graph-
ics. The invention displays evolving 3D images as they
change with time on the screen.
[0027] The human cerebral cortex performs numerous
functions and therefore it is not surprising that the devices
and methods that image the cortex have a longer list of
functions and uses than most inventions.
[0028] Diseases for which the present invention
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may by utilized for diagnosing, monitoring and for
treating.

i. The present invention may be used as an aid to
diagnose, aid to monitor and aid to treat a number
of mental and behavioral disorders involving electri-
cal abnormalities in the cerebral cortex, including dis-
eases of the nervous system, medical conditions and
psychological conditions.

ii. In many of the listed items below there are known
abnormalities evident within the EEG and/or further
QEEG (quantitative EEG, an extension of conven-
tional EEG involving topographic maps) analyses.
The methods of the present invention are such that
they are designed to isolate spectral bands (specific
frequencies or frequency ranges of EEG signals),
vector temporal-spatial movement dynamics
(changes in the direction and location of electrical
flow) and to correlate the generator sources (putative
sources of electrical activity within the cerebral cor-
tex) in near-real time in three dimensions, thus iden-
tifying the locations and cortical electrical dynamics
that underlie the EEG abnormalities. Regarding oth-
er items on the list below there are theoretical
grounds for placing them here. The present invention
is particularly suited for characterizing the abnormal
electrical dynamics of many diseases involving the
cerebral cortex. For all the conditions mentioned be-
low that possess EEG abnormalities, it is possible
to better characterize and localize them with the
present invention. Diagnostic tests may be devel-
oped with the aid of clinical trials so as to create sets
of normative data derived from normal individuals,
and sets of data derived from diseased individuals
which will be used for near-real time comparisons
with data from a patient.

iii. The list below in this section includes not only the
names of diseases and disorders but also the names
of categories of diseases and disorders which have
accepted definitions under the World Health Organ-
ization ICD10 system of nomenclature. This includes
blocks F of the ICD10.
Block F: ICD-10 Chapter V: Mental and behavioural
disorders
Accessible at: ht-
tp://www3.who.int/icd/vol1htm2003/fr-icd.htm

a) Organic, including symptomatic, mental dis-
orders:
This includes Alzheimer’s, vascular dementia,
organic amnesic syndromes and other cortical
dementias. There are examples in scientific lit-
erature showing electrical abnormalities in peo-
ple with dementias. In Alzheimer’s, increased
low frequency activity (where activity is defined
as higher EEG signal amplitude) and decreased

mean frequency is often found within the EEG
signals. In some dementias, the EEGs revealed
increases in delta (1-3 Hz) and/or theta (4-7 Hz)
power (where power is defined as the square of
the EEG signal amplitude) and decreased mean
frequency as well as decreased beta (12-35 Hz)
power and dominant frequency in the occipital
lobe. Since EEG has very little ability to localize
these abnormalities, it is possible to better char-
acterize them with the methods of the present
invention as an aid to diagnosis, monitoring and
treatment. Pick’s Disease has EEG abnormali-
ties which can be imaged and quantified in great-
er detail with the methods and apparatus of the
present invention. Delirium Tremens has high
frequency abnormalities on EEG.
b) Mental and behavioral disorders due to psy-
choactive substance use:
This includes substance abuse and drug-in-
duced states affecting the cortex. This includes
the stimulatory/depressive, toxic and withdrawal
effects of psychoactive drug categories such as,
but not limiting to, depressants, sedatives, stim-
ulants, illegal narcotics, anti-epileptics, anxiolyt-
ics, sleep drugs, antipsychotics, hallucinogens,
anti-depressants, and inhalants; examples in-
clude, but are not limited to: cocaine, ampheta-
mines, cannabis, caffeine, tobacco, nicotine,
LSD, ecstasy, GHB, PCP, heroin, opium, hash-
ish, mescaline, ’magic mushrooms’, and alco-
hol. Studies of alcohol abuse have found in-
creased beta activity, and alcohol intoxication
studies have found decreased alpha activity and
increased theta activity. We may build on these
findings to make an improved test for alcohol
intoxication. Increased alpha activity in frontal
regions is associated with cannabis withdrawal
and intoxication. Increased alpha and de-
creased delta activity is associated with crack
cocaine withdrawal.
The present invention may be used to determine
their effects on the electromagnetic activities of
the cortex which will be used to diagnose and
plan the treatment of cortical states caused by
these drugs.
c) Schizophrenia, schizotypal and delusional
disorders:
In schizophrenia there is occasionally low mean
alpha frequency as well as other alpha wave ab-
normalities or abnormalities of other frequency
bands including frontal delta and theta excess
on EEG.
d) Mood (affective) disorders:
Mood (affective) disorders include but not limit-
ed to unipolar and bipolar disorders including
depression and mania. Alpha and theta wave
abnormalities such as increased alpha and theta
power are known to exist in unipolar depressed
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patients. Bipolar patients tend towards reduced
alpha and beta activity.
e) Neurotic, stress-related and somatoform dis-
orders:
Neurotic, stress-related and somatoform disor-
ders include but are not limited to anxiety disor-
ders, Obsessive Compulsive Disorder, reaction
to severe stress, dissociative disorders, and so-
matoform disorders. Anxiety disorders often
have reduced alpha activity.
f) Behavioral syndromes associated with phys-
iological disturbances and physical factors:
This includes behavioral syndromes associated
with physiological disturbances and physical
factors including but not limited to anorexia ner-
vosa, bulimia nervosa, non-organic sleep disor-
ders including non-organic insomnia and non-
organic hypersomnia, and non-organic disorder
of the sleep-wake schedule, sleepwalking (som-
nambulism), sleep terrors, nightmares, and sex-
ual dysfunction not caused by organic disorders
or diseases.
g) Disorders of adult personality and behavior:
Disorders of adult personality and behavior in-
clude but are not limited to paranoid, schizoid,
dissocial, emotionally unstable, histrionic, ana-
kastic, anxious, dependant personality disor-
ders as was as personality disorder unspecified
types, and habit and impulse disorders including
pathological gambling, gender identity disor-
ders, disorders of sexual preference, psycho-
logical and behavioral disorders associate with
sexual development and orientation
h) Mental retardation:
Mental retardation includes mild, moderate, and
severe forms.
i) Disorders of psychological development:
Disorders of psychological development includ-
ing but not limited to specific developmental dis-
orders of speech and language, specific devel-
opmental disorders of scholastic skills including
developmental dyslexia, specific developmental
disorder of motor function, mixed specific devel-
opmental disorders, pervasive developmental
disorders including childhood autism and Rett’s
syndrome and Asperger’s syndrome
j) Behavioral and emotional disorders with onset
usually occurring in childhood and adolescence:
These include hyperkinetic disorders, distur-
bances of activity and attention, conduct disor-
ders, emotive disorders with onset specific to
childhood, tic disorders including combined vo-
cal and multiple motor tic disorder (de la
Tourette)
k) Unspecified mental disorder:
Mental disorder, not otherwise specified.

iv. The list below in this section includes not only the

names of diseases and disorders but also the names
of categories of diseases and disorders which have
accepted definitions under the World Health Organ-
ization ICD10 system of nomenclature. This includes
blocks G of the ICD10.
Block G: ICD-10 Chapter VI: Diseases of the nervous
system
Accessible at: ht-
tp://www3.who.int/icd/vol1htm2003/fr-icd.htm

a) Inflammatory diseases of the central nervous
system:
This includes meningitis, encephalitis and ab-
scesses.

b) Systemic atrophies primarily affecting the
central nervous system.

c) Extrapyramidal and movement disorders:
This includes Parkinson’s Disease, and other
diseases to the extent that they also involve the
cerebral cortex.

d) Demyelinating diseases of the central nerv-
ous system:
This includes multiple sclerosis.

e) Episodic and paroxysmal disorders:
This includes the many forms of epilepsy, mi-
graine, tension headache and other headache
syndromes not limited to cluster, transient cer-
ebral ischemic attacks and related syndromes
including Amaurosis fugax, vascular syndromes
of brain in cerebrovascular diseases, sleep dis-
orders including disorders of initiating and main-
taining sleep (insomnias), disorders of exces-
sive somnolence (hypersomnias), disruptions in
circadian rhytm including jet lag, sleep apnea,
narcolepsy and cataplexy. In cerebralvascular
disease slowing of EEG frequencies is highly
correlated with decreased regional blood flow.
Cerebralvascular diseases include strokes, sus-
pected strokes or transient ischemic attacks.

f) Nerve and nerve root plexus disorders.

g) Polyneuropathies and other disorders of the
peripheral nervous system.

h) Cerebral palsy and other paralytic syn-
dromes:
These include infantile cerebral palsy, hemiple-
gia, paraplegia and triplegia where the cause is
cortical in origin.

i) Other disorders of the nervous system:
These include hydrocephalus, toxic encepha-
lopathy, cerebral cysts, anoxic brain damage,
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benign intracranial hypertension, postviral fa-
tigue syndrome, encephalopathy, unspecified
compression of the brain, cerebral edema, and
Reye’s syndrome.

v. Other diseases and disorders involving the cere-
bral cortex including many that are that are not ex-
plicitly mentioned in the above lists:

a) Disorders of belief and belief formation:
This includes delusions and delusional states.
Delusional states have in some cases been
found to involve low frequencies on the EEG.

b) Cortical sensory disorders:
This includes visual (such as cortical blindness
and visual agnosia), acoustic (such as cortical
deafness and auditory agnosia), tactile, smell
(such as anosmia), vestibular (such as vertigo)
and visceral sensory disorders (including irrita-
ble bowel syndrome and interstitial cystitis)

c) Other forms of cortical damage:
This includes damage caused by stroke or brain
injury. It is possible to localize this damage using
indicators of reduced cortical function in the
damaged areas using the present invention.
Head injuries have been associated in the med-
ical literature with increased theta power, de-
creased delta power, decreased alpha power,
low coherence and increased asymmetry
across the hemispheres of the brain. These ab-
normalities can be localized and better charac-
terized using the present invention so as to pro-
vide diagnostic tests for the nature and severity
of the injuries.

d) Other space occupying lesions:
This includes brain tumors and cysts that will
likely have regions of reduced activity.

e) Chronic pain:
This may involve using the present invention to
measure cortical areas such as the anterior cin-
gulate gyrus. Chronic pain includes muscular
and non-muscular pain, neuropathic pain, fibro-
myalgia and myofascial pain syndrome.

f) Specific learning disorders:
These are disorders of the ability to acquire
knowledge and some specific disorders have
been associated with excess theta or decreased
alpha and/or beta powers.

g) Disorders involving thought, feeling or com-
binations of the two:
These include disorders of planning and fore-
sight as well as of sentiments involving a com-

bination of a thought and a feeling such guilt
over an error, or the feeling of pride in an
achievement.

h) Memory disorders:
This includes disorders of memory storage and
memory retrieval.

i) Reasoning disorders:
This includes disturbances of making logical in-
ferences.

j) Evaluative disorders:
This includes disorders involving the formation
of evaluative judgments as to what the person
deems to be good or bad.

k) Disorders of comprehension and understand-
ing such as agnosia.

l) Disorders of the self and the self-image:
This includes disorder in self-representation and
disorders of identity.

m) Other circadian disorders affecting the cor-
tex.

n) Other movement disorders. This includes es-
sential tremor and restless leg syndrome.

o) Social and conduct disorders.

p) Other psychosomatic illnesses.

q) Other speech and communication disorders.

r) Impulse control disorders.

s) Post Traumatic Stress Disorder.

t) Brain death.

u) Truth disorders:
This includes any disorder in the brain of assign-
ing an idea to the category of being true or un-
true.

Disease-related uses as an aid to near-real time mon-
itoring:

[0029] Disease-related monitoring refers to ongoing
measurement and imaging which detects changes in the
brain. Whereas diagnosis aims to determine the nature
a disorder, monitoring is useful to determine changes
including deteriorations or improvements in condition.
Medical monitoring is especially useful in observing pa-
tients who are unstable or vulnerable.
[0030] The medical monitoring uses of the present in-
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vention include:

a) Near-real time monitoring applied to any person
with a medical or psychological disorder involving
the cerebral cortex including any of the conditions
listed above in section [00026].
b) Near-real time monitoring of surgical patients who
are under general anesthesia for adequacy of an-
esthesia and cortical disturbances erupting while un-
conscious. The present invention may be integrated
with alarm systems to provide early notification of
medical personnel of any deterioration.
c) Near-real time monitoring of neurology patients
and neurosurgery patients in the hospital, such as
coma patients, for improvements or deteriorations
so as to position the doctor to administer an inter-
vention.
d) Near-real time ambulatory monitoring and remote
monitoring of critically ill persons such as acute head
trauma patients that are inside an ambulance or at
remote locations. This is useful in detecting intermit-
tent symptoms and events including dizziness or
symptoms of seizures.
e) Monitoring the change in a person’s state or con-
dition by continuous monitoring before, during and
after exposure to a stimulus such as a sensory stim-
ulus, with or without the help of a stimulator.

Disease-related uses as an aid treatment.

[0031]

a) To aid in prosthetic treatment such as aiding in-
dividuals with peripheral nerve damage, such as am-
putees. This may be performed by utilizing the
present invention to serve as part of a brain computer
interface (BCI) whereby signals emanating from the
patient’s brain are harnessed in order to help the
patient to control the movements of the patient’s
prosthetic device or the patient’s own muscles.
b) Near-real time treatment may applied to any per-
son with a medical or psychological disorder involv-
ing the cerebral cortex including any of the conditions
listed above in section [00026].
c) To aid in treatment by using the present invention
as a guidance system to direct the use of external
stimulators including transcranial magnetic stimula-
tors so that they can favorably be directed towards
specific target areas in the brain, or to guide the ap-
plication of implantable brain stimulators or inhibi-
tors.
d) To aid in treatment serving as a method for bio-
feedback treatment whereby the patient is presented
near-real time images of his/her brain’s own electri-
cal activity to enable him/her to attempt to favorably
alter the underlying signals.

As an aid to researching mental, psychological and 
physical cortical processes and states.

[0032] The techniques and methods described herein
may be used for medical research and brain physiological
research to understand the causes of diseases, human
behavior, and mental processing. Research applications
of the present invention include:

a) As an aid in the characterization of normal mental
processes and normal physiological events and
states.

b) Research into neural pathways and the discovery
and further elucidation of migratory patterns of cor-
tical electrical activity.

c) As a tool to help interpret EEG recordings of nor-
mal and abnormal mental activity by revealing the
sites of generators in the brain and the angular move-
ments of electrical fields that contribute to EEG
waveforms.

d) As an aid in the understanding of the translational
and rotational movement of electrical fields pro-
duced by the brain.

e) As an aid in the recognition of functional elements
of the brain, i.e. areas of the brain that work together
to help perform a particular mental function.

f) As an aid in the characterization of a number of
brain disorders, conditions, and states such as those
listed in section 00026-00028 so that effective diag-
noses, monitoring methods and treatments can be
developed.

g) As an aid in the characterization of:

i. thoughts and ideas,
ii. feelings and emotions,
iii. beliefs,
iv. sensations,
v. learning,
vi. understanding and comprehension,
vii. reasoning,
viii. desiring and motivation,
ix. memory,
x. evaluative processing, (including processing
of pleasure and pain)
xi. truth processing,
xii. planning,
xiii. judgment,
xiv. movement processing,
xv. speech and communication ,
xvi. representation, including self-representa-
tion,
xvii. predispositions
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xviii. planning.

h) To serve as an aid in the process of drug devel-
opment by helping determine the areas of the cere-
bral cortex where the electrical activity is affected by
experimental and established pharmaceuticals,
hence providing insight on the locations and mech-
anisms of action of these drugs.

Non-medical applications including industrial appli-
cations, entertainment, games, lie-detection and ed-
ucation.

[0033] Applications of the present invention may in-
clude the above-mentioned non-medical applications for
the following reasons:

a) Entertainment: It is fascinating to look at cortical
activity in near-real time, hence the present invention
has entertainment value. It is an object of the present
invention to use it as a method of entertainment by
allowing a person to observe his/her own electrocor-
tical activity or that of other people in near-real time
3D. This includes using it as a game in which the
user tries to alter the user’s cortical images on the
screen, which in a more complex implementation
leads to the point below.

b) Activation of external effectors using a brain-com-
puter interface (BCI): It is possible to isolate a portion
of the localized electrical activity of the cortex and to
use a computer to recognize certain patterns and
then to use those patterns to activate an external
effector, i.e. a mechanical device which is arranged
so as to have a tangible effect on objects in the sur-
rounding environment. Examples include industrial
processes to control an external mechanical device,
such as an assembly arm, or other industrial robots.

c) As an educational tool: It is possible to educate
people to modulate their cortical activity by using the
images on the screen as a form of biofeedback so
as to teach the brain to work more effectively. EEG
methods exist to do peak performance training. It is
possible to improve on these techniques using the
present invention.

d) As a method of determining if a person is telling
the truth or lying. Signature images and signature
data patterns for lying and truthfulness may be iden-
tified through research trials utilizing the present in-
vention. The trials may involve measuring people
who are instructed to lie or instructed to tell the truth
and who comply with this request while having their
brain electrical activity recorded. The trial may also
be conducted on people who actually lie when the
person administering the test does not know during
the testing session that the test subject is lying; this

will capture cortical activity during actual lies. These
two trials will provide a dataset of electrical activity
of lying versus truthfulness and this dataset will later
be used when testing future subjects for lying and
will serve as a means for comparison. It is possible
to apply near-real time tools described in the present
in the technical specifications of this document to
isolate the signals indicative of lying from other sig-
nals coming from the test subject’s brain that are
unrelated to lying. Near-real time activity emanating
from the subject’s brain may be displayed on a mon-
itor for live visual analysis by the mind of the exam-
iner. A conclusion that a patient has lied can be
drawn if the examiner observes the near-real time
display of a signature pattern for lying that is present
in the data base. Or alternatively, it is possible to use
the tools for near-real time statistical analysis de-
scribed in this document to aid the examiner in iden-
tifying a lie.

SUMMARY OF THE INVENTION

[0034] The present invention describes a method as
defined by claim 1 and an apparatus as defined by claim
48. It can produce images that can be immediately in-
spected and analyzed by an operator in near-real time,
resulting in a powerful new cortical imaging modality,
which we denote as Dynamic Electrocortical Imaging
(DECI). The present invention involves the use of a com-
puter, an electroencephalographic (EEG) amplifier, EEG
electrodes, and custom software. It can measure healthy
and diseased cortical events and states in both conscious
and unconscious subjects. This is useful, as it allows for
the diagnosis, monitoring and treatment of cortical dis-
orders, while also furthering the understanding of the hu-
man brain and lending use to additional non-medical ap-
plications such as in entertainment, education, lie-detec-
tion and industry. We have implemented the methods of
the invention using software, written by us, in conjunction
with readily available EEG hardware. Furthermore, we
can apply this same method to pre-existing data and
when doing so, EEG hardware is not required. By having
a practical near-real time 3D imaging system, we hope
to bring a far more accessible technology to doctors, re-
searchers, individuals, and private clinics to better diag-
nose, monitor, treat and understand many of the condi-
tions and abnormalities of the brain.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The invention may be more completely under-
stood in consideration of the following detailed descrip-
tion of various embodiments of the present invention in
connection with the accompanying drawings, in which:

Fig. 1 depicts a flowchart outlining the process of
setting up, recording, capturing and localizing corti-
cal electrical activity in near-real time by the present
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invention.

Fig. 2 depicts the mathematical transformation of
electrical signals received by the electrodes into 3D
localized electrical activity data using an inverse so-
lution approximation.

Fig. 3 depicts a series of consecutive frames within
a movie demonstrating the first successful applica-
tion of the present invention in near-real time.

Fig. 4 depicts the variety of methods by which voxels
can be graphically displayed.

Fig. 5 depicts the variety of methods by which local-
ized electrical activity can be graphically represented
within a voxel.

Fig. 6 depicts the variety of methods by which the
graphical display result can be manipulated.

Fig. 7 depicts a master flowchart of the present in-
vention outlining the possible methods involved in
the capture, localization, display and analysis of
electrical signals from the cerebral cortex, and its
applications. The applications of the present inven-
tion include diagnosing, monitoring, treating, re-
searching, lie detecting, educating the brain, and en-
tertaining.

Fig. 8 depicts a flowchart which is an extension of
Fig. 7 whereby a human operator has decided to
utilize the present invention for the purpose of re-
searching.

Fig. 9 depicts a flowchart which is an extension of
Fig. 7 whereby a human operator has decided to
utilize the present invention for the purpose of diag-
nosing.

Fig. 10 depicts a flowchart which is an extension of
Fig. 7 whereby a human operator has decided to
utilize the present invention for the purpose of mon-
itoring.

Fig. 11 depicts a flowchart which is an extension of
Fig. 7 whereby a human operator has decided to
utilize the present invention for the purpose of treat-
ing.

Fig. 12 depicts a flowchart which is an extension of
Fig. 7 whereby a human operator has decided to
utilize the present invention for the purpose of lie
detecting.

Fig. 13 depicts a flowchart which is an extension of
Fig. 7 whereby a human operator has decided to
utilize the present invention for the purpose of edu-

cating the brain.

Fig. 14 depicts a flowchart which is an extension of
Fig. 7 whereby a human operator has decided to
utilize the present invention for the purpose of enter-
taining.

Fig. 15 depicts a flowchart which is an extension of
Fig. 7 whereby a human operator has decided to
utilize the present invention for the purpose of effect-
ing an industrial purpose.

DETAILED DESCRIPTION OF THE INVENTION

A Preferred Embodiment of the Present Invention - 
Figure 1

[0036] A preferred embodiment of the present inven-
tion is outlined in Fig. 1. It consists of several fundamental
steps where:
[0037] Step 100 entails the application of electrodes
on a subject’s scalp. This requires a practical method to
hold the electrodes in place on the scalp so as to make
good electrical contact. Typically this is accomplished
with manually attached electrodes with adhesives or
caps/cap-like structures that fit over a subject’s scalp that
integrate or have adapters for the electrodes; a number
of these are commercially available. A conductive medi-
um is also generally required for the conductance of elec-
trical signals between the scalp and electrodes; typically
the conductive medium is the same as the adhesive used,
although it can be separate. The positions of the elec-
trodes may be known to assist in the localization calcu-
lations, or generalized electrode positions based on ra-
tios or morphological features of the scalp, such as the
10-20 System, may be utilized. The electrodes may also
be placed symmetrically, or asymmetrically, around the
subject’s head and different caps with varying numbers
of electrodes and electrode spacing may also be utilized.
Custom electrodes may also be utilized with varying ge-
ometrical shapes and configurations.
[0038] Step 200 entails the connecting of the elec-
trodes to the EEG amplifier/recorder that digitizes signals
obtained from electrodes placed on a subject’s scalp.
The particular setup used in the demonstrated reduction
to practice includes a Twente Medical Systems Interna-
tional (TMSI) REFA32 digital EEG recorder.
[0039] Step 300 entails the receiving of electrical sig-
nals from the subject by the EEG amplifier/recorder.
[0040] Step 400 entails the capturing of relevant elec-
trical signals by a computer, from the EEG amplifier/re-
corder. This is a multi-step process as the signal that is
output by the amplifier/recorder is unusable in its raw
state. It is at this point data may be subjected to near
real-time component and feature isolation and artifact
(noise) removal, such as those generated by movement,
interfering electric fields, and what is known as the ’DC-
offset’ (the potential difference, or voltage, resulting from
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the interface between scalp and electrode which is far
larger in magnitude than any of the relevant electrophys-
iological signals). The filters may include, but are not lim-
ited to; low, high, band-pass, or band-stop filtering, dis-
crete Fourier analysis, Kalmann filtering, Z or Hilbert
transforms, or similar analytical filtering or spectral anal-
ysis techniques known to those skilled in the art. For ex-
ample, DC-offset would be removed using a frequency
filter such as the Fast Fourier Transform (FFT), or win-
dowed sinc filter to remove all very low frequencies, typ-
ically below 0.1 Hz. EEG data filters generally operate
by transforming the most recently acquired EEG signal
(or frames, where the number of frames acquired per
second is equal to the sampling frequency of the EEG
amplifier/recorder) by a process specific to the particular
filter in question; for example, the windowed sinc filter,
designed to isolate or remove a range of frequencies
would involve convolving the most recent segment of
EEG frames acquired from the recorder with the filter
kernel (generated from the specified parameters of high
and low ends of a frequency range along with the inten-
tion to band-pass or band-stop those frequencies). It is
noted that DC-offset removal may not be required if an-
other filter operates on the data such that the removal
would be superfluous; an example of this would be a
band-pass filter between 8 and 12 Hz, as all <0.1 Hz
frequencies would be removed inherently. It is also during
this step that the electrical signals (either pre- or post-
filtering) may be recorded to random access memory,
onto an external media such as a CD, DVD or cassette,
or onto a hard drive. The particular setup used in the
demonstrated reduction to practice includes an Intel Pen-
tium IV-2.4 GHz desktop computer with 1 GB of RAM.
The software utilized by the demonstrated reduction to
practice is designed in a way that multiple filters can run
in tandem on the same set of data, and the filters exist
as dynamic linked libraries such that they can be expand-
ed and upgraded independently of the main program
(hereafter defined as plugin architecture); the software
can also record pre- and post-filtered electrical signals
to random access memory, hard disk, or both.
[0041] Step 500 entails the use of a computer in
processing the captured electrical signals from step 400,
transforming it into localized electrical activity represent-
ed within three-dimensional space using a mathematical
procedure, or combination of procedures. Fig. 2 expands
on this step when using inverse solution approximation
algorithms for localization. At this point, the localized
electrical activity data can optionally be filtered, e.g. for
statistics, near-real time diagnostics, state changes. This
also utilizes plugin architecture. After the transformation,
the data can optionally be displayed on a monitor in near-
real time.
[0042] Near-real time recording and 3D localization of
electrical activity is accomplished by the continuous cap-
ture and processing of EEG data (steps 300-500; a loop
of operation) until the termination of the procedure.

Localization of Electrical Activity Utilizing an Inverse 
Solution Approximation - Figure 2

[0043] Fig. 2 depicts the transformation of electrical
signals captured and processed by the computer, from
the EEG amplifier/recorder into a 3D solution space uti-
lizing an inverse solution approximation. The inverse so-
lution approximation involves a transformation matrix
that converts electrical signals into localized electrical
activity confined to a solution space, representing the
volume and shape of the cerebral cortex. Localization is
accomplished by multiplication of each new frame of cap-
tured EEG data (E) by a transformation matrix (T) that is
generated by the inverse solution approximation algo-
rithm in use to yield the array of voxels containing local-
ized electrical activity (V). Voxels are defined as discrete
units of volume within the solution space and they contain
the localized electrical activity for that particular region
of the cerebral cortex. The localized electrical activity for
each voxel is represented as a three-dimensional vector
with an x, y and z component. The demonstrated reduc-
tion to practice currently implements the inverse solution
approximation algorithm known as LORETA, details of
which can be found in:

Pascual-Marqui RD, Michel CM, Lehmann D. Low
resolution electromagnetic tomography: a new
method for localizing electrical activity in the brain.
International Journal of Psychophysiology 1994,
18:49-65.

Any appropriate inverse solution approximation al-
gorithm could be used; other possibilities include but
are not limited to:

i) L2 minimum norm inverse solution:

Hamalainen MS, Ilmoniemi RJ (1984): In-
terpreting measured magnetic fields of the
brain: estimates of current distributions.
Technical Report TKK-F-A559. Helsinki:
Helsinki University of Technology.

ii) L1 minimum norm, also known as the selec-
tive minimum norm, inverse solution:

Matsuura K, Okabe Y (1995): Selective min-
imum-norm solution of the biomagnetic in-
verse problem. IEEE Trans Biomed Eng 42:
608-615.

iii) Backus and Gilbert method:

Backus G, Gilbert F (1968): The resolving
power of gross earth data. Geophys J R As-
tron Soc 16:169 -205.

Grave de Peralta Menendez R, Gonzalez
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Andino SL (1999): Backus and Gilbert
method for vector fields. Hum Brain Mapp
7:161-165.

iv) Location-wise Normalized Weighted Mini-
mum Norm:

Fuchs M, Wagner M, Kastner J. Boundary
element method volume conductor models
for EEG source reconstruction. Clin Neuro-
physiol 2001;112:1400-7.

v) LAURA (Local Auto-Regressive Averages):

Andino S. Electrical neuroimaging based on
biophysical constraints. Neuroimage 2004;
21:527-39.

vi) s-LORETA (Standardized low resolution
brain electromagnetic tomography):

R.D. Pascual-Marqui, Standardized low
resolution brain electromagnetic tomogra-
phy (sLORETA): technical details. Methods
& Findings in Experimental & Clinical Phar-
macolgoy 2002, 24D:5-12.Author’s version,
details of which can be found at ht-
tp://www.unizh.ch/keyinst/NewLORE-
TA/QuoteLORETA/QuoteLORET A.htm

vii) Standardized shrinking LORETA-FOCUSS:

Liu H, Schimpf PH, Dong G, Gao X, Yang
F, Gao S IEEE Trans Biomed Eng. 2005
Oct;52(10):1681-91.Standardized shrink-
ing LORETA-FOCUSS (SSLOFO): a new
algorithm for spatio-temporal EEG source
reconstruction.

[0044] The demonstrated reduction to practice also
currently implements a solution space of 2394 voxels
available in the public domain, based on the MNI-305
template of neuroanatomical data from the Montreal Neu-
rological Institute (MNI), based on the averaging of 305
MRI scans of human brains. This solution space is first
described in:
[0045] A. C. Evans and D. L. Collins and S. R. Mills
and E. D. Brown and R. L. Kelly and T. M. Peters, "3D
statistical neuroanatomical models from 305 MRI vol-
umes", Proc. IEEE-Nuclear Science Symposium and
Medical Imaging Conference, 1813-1817,1993.
[0046] Any appropriate cortical solution space could
be used; other possibilities include but are not limited to:

a) The International Consortium for Brain Mapping
152 Brain Average (ICBM152):

Evans, A.C., Collins, D.L., et al.,. Three-dimen-

sional correlative imaging: applications in Hu-
man brain mapping. In: Huerta, M. (Ed.), Func-
tional Neuroimaging: Technical Foundations.
Academic Press, San Diego, pp. 145-162,1994.

b)Talairach space:

Talairach, J., Tournoux, P., Co-Planar Stereo-
taxic Atlas of the Human Brain. Thieme, New
York, 1988

c)The pediatric solution space in development at the
Pediatric Data Center at the MNI
d)An individualized solution space derived from a
subject’s own MRI or CT scan.

[0047] The basic display result using the MNI 305 so-
lution space is demonstrated in Fig. 5A.

First Successful Reduction to Practice of the Present 
Invention - Figure 3

[0048] Fig. 3 depicts the first successful reduction to
practice of the present invention. The hardware utilized
at the time was the TMSI REFA32 digital EEG recorder
connected to a 19 electrode (+1 ground) NeuroScan cap,
and an Intel Pentium IV-2.4 GHz desktop computer with
1 GB of RAM, although we have later successfully in-
cluded the use of 32(+1 ground) MedCat silver chloride
(AgCl) sintered ring electrodes. The demonstrated re-
duction to practice utilizes custom-written software by
the inventors. The software written to implement the
methods of this invention is designed to:

a. Display both near-real time and pre-recorded data
using three-dimensional cubes (known as voxels)
projected onto a two-dimensional display surface
(i.e. the screen), and can freely be manipulated in
ways that allow for the visualization of any region,
whether on the surface or buried within the rest of
the grey matter. This is true three-dimensional near-
real time manipulation of the cortex.
b. Use the OpenGL library to display the three-di-
mensional graphics, although other three-dimen-
sional application programming interfaces may be
supported in the future.
c. Be programmed in C++ and speed-optimized to
allow fast user responsiveness and the execution of
many potential data filters and display windows.
d. Display multiple windows corresponding to differ-
ent points of view of the cortex (vantage points), dis-
play options, or sets of data filters.
e. Handle far larger data-sets than similar non-real-
time methods found in prior art; the amount of data
that can be analyzed is solely limited by the amount
of memory of the computer the analysis is performed
on.
f. Run on any computer that can run Microsoft Win-
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dows™, although the responsiveness is dependant
on both the speed of the video card and microproc-
essor within the computer; other operating systems
may be supported in the future.
g. Be intuitive and easy to use, extending its acces-
sibility to individuals without developed computer
skills.

Methods of Near-Real Time Manipulations of Local-
ized Electrical Activity - Figs. 4-6

[0049] Figs. 4-6 depict three groups of tools that allow
the human operator to manipulate and display localized
electrical activity within the solution space comprised of
voxels. They are a selection of independent tools whose
use is not required for the function of the present inven-
tion; they serve to facilitate analysis and interpretation.
These tools may be utilized alone or in any combination.

Group 1: Tools to Manipulate the Graphical Display and 
Analysis of Voxels - Fig. 4

[0050] Fig. 4 depicts diagrams that demonstrate the
various ways by which the voxels that comprise the so-
lution space can be displayed. Generally, each voxel
within the solution space utilized is displayed using 3D
graphics, as a discrete cube (6 sided polygons) within
each voxel’s own assigned position as determined by the
solution space model used. Each solution space may be
given its own display window, or superimposed onto an
existing window.
[0051] Fig. 4A depicts the solution space comprised of
voxels in three points of view, drawn as a 3D array of
cubes; front (left), top (middle), and right (right) views.
[0052] Fig. 4B depicts the tool for near-real time trans-
lucent visualization of displayed voxels; on the left is the
solution space with the tool enabled, whereas the solu-
tion space on the right has the tool disabled. The purpose
of this tool is to allow the operator to visualize activity
occurring at all depths. This is useful for viewing the entire
cortex at a glance, as it will reveal all inner activity with
the same weighting as any surface activity, and instantly
reveal any significant deeper signals. This is achieved
by means of drawing all voxels with additive blending,
that is, instead of replacing the pre-existing pixels of the
2D projection plane (i.e. the screen) of the 3D solution
space (that is subsequently rendered to the screen), we
add the pixel values of the current object drawn closer
to the viewing plane to the pre-existing pixels. For exam-
ple, if there was a voxel with a value of 100, and we drew
a new voxel that would partially or completely occlude
the underlying voxel, with a value of 50, the resulting area
where the two voxels overlap would have a value of 150.
If additive blending was not used that area would have
a value of 50, and the new voxel would have partially or
completely replaced the color value of the deeper voxel
depending on the spatial arrangement of the two voxels.
[0053] Fig. 4C depicts the tool for near-real time spa-

tially filtered data on the basis of regions of interest (ROI).
This is useful in such applications as when the operator
is interested in only one region of the cortex. Such areas
may be deep inside the cortex thus making it desirable
to filter out regions that are not of interest while the near-
real time display or analysis is being generated. We
achieved ROI filtration by implementing a spatial filter
that takes a single 3D coordinate selected by the user
and then only processes those voxels that are within the
spherical boundary defined by the user as a radius from
that central coordinate.
[0054] Fig. 4D depicts the tool for near-real time spa-
tially filtered data on the basis of neuroanatomical infor-
mation. This is useful as there is a massive amount of
scientific literature on the subject of what is called func-
tional localization, with a great deal known about the func-
tion of many regions of the brain. There is a need in re-
search and in clinical work to be able to focus on a region
of interest, so as to be able to later correlate findings
made by imaging or analysis with what is known about
a particular neuroanatomical region. We achieved this
spatial filtering by assigning each voxel multiple descrip-
tion fields by which they could be identified as being part
of a series of neuroanatomical regions, and then only
displaying those voxels that are members of the neuro-
anatomical region in question. In the implementation
demonstrated, the neuroanatomical classifications of
each voxel originate from a table generated by the Mon-
treal Neurological Institute based on the solution space
currently utilized by the software and described previous-
ly (MNI-305).
[0055] Fig. 4E depicts the tool to control the display of
voxel size. This enables reductions in voxel size to allow
for visualization of buried features. This is useful when
looking at 3D images the cortex and when it is desirable
to look at underlying voxels while preserving their color-
imetric values that may be lost using other tools (e.g. the
translucent visualization tool). This method essentially
shrinks the displayed size of each voxel, effectively cre-
ating gaps in between the voxels, allowing for the visu-
alization of deeper voxels. We achieved this by adding
a scale parameter s within the voxel drawing function that
draws 3D cubes of a length, width, and height of the
standard voxel size, ν * s. The variable s, unless other-
wise specified by this tool has a value of one (1).
[0056] Fig. 4F depicts the tool for visualization of voxel
outlines in a disabled state, since this tool is especially
useful in delineating the boundaries between individual
voxels as can clearly be seen in every figure of this sec-
tion. This was achieved by drawing a series of 12 lines,
forming a wire-frame cube of a slightly larger size than
the solid polygons comprising the voxels. The X, Y and
Z axes, further described in Fig. 6E, are labeled in this
figure to orient the reader.
[0057] Fig. 4G depicts the tool for the near-real time
selective display of cortical shells to view buried visual
features. This is useful for removing surface features that
may otherwise occlude the visualization of significant
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events deeper within the cortex. We achieve this by
means of assigning each voxel within the solution space
a shell number, of an integer type, based on its distance
from the center of the solution space. Only those voxels
that have a shell number matching the range of shells to
be displayed are then displayed on the screen. The dem-
onstrated implementation of this tool divides the cortex
into five distinct shells.

Group 2: Tools to Analyze and Graphically Display Lo-
calized Electrical Activity - Fig. 5

[0058] Fig. 5 depicts diagrams that demonstrate the
various ways by which the electrical activity within each
voxel can be represented graphically. As mentioned in
Fig 2., the inverse solution approximation algorithms out-
put 3 values for each voxel of the solution space, for each
given instance in time; an x-component (x), a y-compo-
nent (y), and a z-component (z) of a vector indicating the
amount (magnitude) of electrical activity and a direction
in which this electric activity is moving. Generally, there
are two approaches to represent this electrical activity;
displaying within each voxel, the magnitude (m; defined
as the square root of the sum of the components squared;
m = √(x2+y2+z2)) of the electrical activity vector (defined
as current density) of that voxel as a shade of color, in-
creasing in intensity as electrical activity increases; and
secondly, displaying the magnitude and direction of the
electrical activity vector as a line with a distinct direction
and magnitude emanating from the center of each voxel.
[0059] Fig. 5A depicts the electrical activity of each
voxel within the entire solution space as shades of color.
This represents the magnitude, or amount, of electrical
activities occurring within the solution space. Fig. 5C de-
picts the first 54 voxels of the solution space, represented
in the same way, for increased clarity. This essentially
represents the amount of each current density in each
voxel as the color of the voxel. This is useful as the op-
erator needs a convenient method of continuously visu-
alizing the level of electrical activity in a voxel or a set of
voxels without having to resort to looking at tables and
numbers from which these activity levels are internally
derived. This is also very useful as a shortcut to help the
viewer to recognize such patterns as "hot spots" of high
activity and hot clusters, cold spots and cold clusters and
current density gradients from one voxel to another. We
achieved this by multiplying the value of the current den-
sity at each instant by a user-adjustable scalar (referred
herein as the display gain) that is then used as a param-
eter by the voxel drawing function to determine its dis-
played color. In the current implementation reduced to
practice, a bright blue shade indicates high levels of elec-
trical activity, and darker blue shades, lower levels; other
single color shades or false-color spectra are easily pos-
sible.
[0060] Fig. 5B depicts the electrical activity of each
voxel within the entire solution space as a combination
of shades of colors and lines. The lines represent both

the magnitude and direction of the electrical activities
within the solution space while the shades represent only
the magnitude, as shown in Figs. 5A and 5C. The lines
protruding from the voxels shown in Fig. 5B directly rep-
resent the vectors of electrical activity. Fig. 5D depicts
the first 54 voxels of the solution space, represented in
the same way, for increased clarity. We achieved this by
drawing a line from the center of the voxel (c) to the center
of the voxel plus the voxel’s electrical activity vector (v)
multiplied by a scalar (s) (referred herein as the vector
gain); in symbolic form this means drawing a line from c
to c + v*s. There are several ways to further display these
vectors of electrical activity. In the current implementation
reduced to practice, the vector is drawn in white.
[0061] Fig. 5E depicts the electrical activity vectors as
two-tailed entities for purposes such as the facilitation of
the correlation between voxels and their nearby electrode
positions. This is accomplished by drawing a second line
from c to c - v*s for each voxel. In this drawing, the thicker
lines represent vectors in the opposite direction to the
electrical activity while the thinner lines represent the true
vectors; in addition, only the first 54 voxels of the solution
space are represented for increased clarity. In the current
implementation reduced to practice, the true vector is
drawn in red, while the negative vector is drawn in blue.
[0062] Fig. 5F depicts only the directional (angular) in-
formation of the electrical activity vectors in the first 54
voxels of the solution space. This is accomplished by
normalizing each vector to a length of one by dividing
each vector component by the magnitude of the vector;
x’=x/m, y’=y/m, z’=z/m.
[0063] Fig. 5G depicts the use of thresholds to limit the
display of electrical activity to only those in a top percent-
age group, selected by the user. The top-left panel of Fig.
5G depicts 100% of the electrical activity, the top-right
depicts the top 50% of activity, and the bottom-middle
depicts only the top 25% of electrical activity within the
solution space.

Group 3: Tools to Modify Graphically Displayed Results 
- Fig. 6

[0064] Fig. 6 depicts diagrams that demonstrate the
various ways by which the graphical displayed results
can be further modified.
[0065] Fig. 6A depicts the utilization of multiple display
windows. This is useful for examining several sources of
data, or several aspects of a single recording at once.
We achieve this by means of instantiating a number of
new memory buffers and display windows corresponding
to the number of windows desired to be displayed. The
example depicted in this figure demonstrates the usage
of multiple display windows to display the same data
whose original EEGs have been filtered with multiple fre-
quency parameters in near-real time; the top left image
has been filtered between 1-3 Hz, top right 4-7 Hz, bottom
left 8-12 Hz, bottom right 12-16 Hz. In addition to display-
ing the contents of multiple results in separate windows,
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they can be displayed in a single window, where each
display result has a different color-key; this has also been
reduced to practice but for practical reasons, cannot eas-
ily be depicted in the diagrams. These powerful features
are very useful for such applications as sleep medicine
and the monitoring of neurology patients.
[0066] Fig. 6B depicts the tool for mouse-controlled
free rotation. This is useful as the operator can in near-
real time simultaneously observe the shifts in the electri-
cal activity and perform mouse controlled free rotation
manipulations of the display so as to observe all angles
of the 3D cerebral cortex. This gives the operator the
power to see the cortex from any angle and not be re-
stricted to fixed views such as front, back, bird’s eye and
side views (which is a drawback of tomography). We
achieved this by generating a standard 3D rotation matrix
from variables specifying the degrees of rotation around
each of the 3 axes, X, Y, and Z, then using that matrix in
successive transformations, in a manner well known to
those skilled in the art.
[0067] Fig. 6C depicts the tool for mouse-controlled
brain panning. This is useful as it allows free movement
outside and even inside the solution space to allow for
the visualization of tiny areas within the cerebral cortex.
We achieved this by generating a 3D translation vector
from variables specifying the operator’s ’camera’ position
in each of the 3 axes, X, Y, and Z, then using that vector
in successive transformations, in a manner well known
to those skilled in the art.
[0068] Fig. 6D depicts the tool for the display of elec-
trode positions. This allows the operator to visualize, rel-
ative to the solution space, where the electrodes that
collect the raw electrical signals have been placed. This
is useful as it allows the operator to correlate the contri-
bution of a particular electrode to the observed electrical
activity. This was accomplished by drawing spheres at
the 3D coordinates of the electrodes utilized by the
present invention, transformed to the solution space co-
ordinate system, dependant on which solution space is
utilized.
[0069] Fig. 6E depicts the tool to mark axes. This is
useful as when the cortex is imaged on a screen the
operator can easily be disoriented and not know what
part of the cortex they are looking at. This is especially
true when the cortex is being rotated frequently by the
mouse-controlled free rotation tool. We therefore have
implemented a method to draw the X, Y, and Z axes of
the cortex so as to aid the operator in knowing where up,
down, left, right, front and back are. This was accom-
plished by drawing 3 lines, all originating from the center
of the 3D solution space, and terminating at boundaries
slightly larger than the dimensions of the solution space.
At the line termini, text identifiers of each axis ("X", "Y",
and "Z") are drawn.
[0070] Fig. 6F depicts the tool to simultaneously dis-
play and navigate through EEG and 3D images. This is
useful as people in the EEG field often have a consider-
able knowledge of cortical activity based on wave forms

and spikes visible on EEG. We have observed in our own
experience that there is a synergistic effect in making
near-real time EEG and near-real time 3D cortical imag-
ing visible to the operator simultaneously. We have im-
plemented this in a manner which time locks the EEG
signal display and the corresponding 3D images so as
to allow the operator to correlate the two, and this feature
is available in near-real time. This has been reduced to
practice as part of the invention’s custom software, as
shown in this figure.
[0071] Fig. 6G depicts the tool for the near-real time
display of the name, location, and current density of a
voxel. This is accomplished by drawing the number, nu-
merical value of the current density, location in the solu-
tion space, and neuroanatomical regions of a selected
voxel into a window for the current instance in time.
[0072] Fig. 6H depicts the tool for the alphanumeric
display of a predetermined list of voxels in near-real time.
The voxel number, hemisphere (side), the associated
Brodmann area (a neuroanatomical classification system
based on human brain histology developed by Korbinian
Brodmann in 1909), major anatomical region, minor an-
atomical region, the magnitude of the electrical activity
(current density) at the current instant in time, and the x-
component, the y-component, and the z-component of
electrical activity vector at the current instant in time are
all displayed as alphanumeric text in a window. This is
accomplished by drawing the values for these aforemen-
tioned fields that already exist in memory from preceding
calculations or stored tables, as text in the window.

Methods of Application of the Present Invention - 
Figs. 7-15

[0073] Figs. 7-15 depict flowcharts that describe the
steps involved in the utilization of the present invention
and its intended applications. The solid boxes represent
required steps, while the dashed boxes represent option-
al steps. The arrows represent sequential orders of ex-
ecution beginning with the steps connected to the tail
ends of the arrows, then ending with the heads of the
arrows. Hollow diamond shapes with solid borders rep-
resent decision steps, and the filled octagons represent
termination steps, where operation of the present inven-
tion ceases. Smaller symbols that appear inside steps
are represented as follows; solid triangle for a step re-
quiring the human operator to interpret a result or alert;
solid square for a step requiring the human operator to
select a parameter or purpose; and a solid diamond for
a step requiring the human operator to setup an appara-
tus.

A Preferred Embodiment of the Present Invention and its 
Particular Applications - Figure 7

[0074] Fig. 7 depicts a master flowchart for the 8 ap-
plications of the present invention along with steps that
are required for all 8, and optional steps that are appli-
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cation specific pertaining to analysis, and setup of the
application.
[0075] Fig. 7A describes an extended scheme by
which the present invention operates in a preferred em-
bodiment, whereas Fig. 1 depicted the most basic em-
bodiment. Steps 100-500 in Fig. 7A are identical to those
in Fig. 1, hence do not need to be described again. How-
ever, following step 500, the present invention may op-
tionally be involved in executing a particular application
(listed in Fig. 7B, and further described in Figs. 8-15),
chosen by the human operator, as depicted by step 714.
[0076] The execution of a particular application may
involve the further spatial filtering of voxels, by which only
those voxels that are deemed by the application to be
relevant or of interest are included in subsequent calcu-
lations, as depicted by step 716. Step 718 depicts the
optional step where only voxels exceeding or falling with-
in a certain threshold of electrical activity would be in-
cluded in subsequent calculations; for example, only
those voxels that are in the bottom 50% of electrical ac-
tivities at the present time would be included in further
steps. Step 720-724 refers to the optional display and
manipulations of the voxels and localized electrical ac-
tivity, as previously described in Figs. 4-6. At this point,
the displayed voxels and localized electrical activity may
optionally then be incorporated into the final presentation
method, described further below and depicted in step
712. Alternatively, instead of graphically displaying the
localized electrical activity, as in steps 720-724, the lo-
calized electrical activity may be displayed as alphanu-
meric text, as demonstrated in Fig. 6H and depicted in
step 736, followed by the optional incorporation into the
final presentation method, depicted by step 712.
[0077] Step 710 depicts the optional acquisition of sig-
nals in near-real time from other devices, such as those
that capture video, audio, physiological parameters, or
information from remote locations (as in the case of tele-
medicine), which could then further contribute to the func-
tion and operation of the invention.
[0078] Step 70 depicts the setting up of the other de-
vices or effectors involved in the acquisition of additional
signals, manipulating the environment, or functioning as
transmitters to remote locations. This is further elaborat-
ed upon in Fig. 7C.
[0079] Step 712 entails a final presentation method to
present results to the human operator of the invention,
which generally may be any one or combination of the
items below:

i) a single screen display with one window,
ii) a single screen display with multiple windows,
iii) a multiple screen display with single windows,
iv) a multiple screen display with multiple windows,
v) an audio speaker.

The selection of the type of final presentation method will
depend on the particular application of the present inven-
tion.

[0080] Following step 712, the human operator may
interpret the results presented using the final presenta-
tion method and then act accordingly, depending on the
intended application for the present invention, as depict-
ed in step 734.
[0081] Step 730 follows step 400, the capturing of elec-
trical signals (EEG signals, since they originated from
the cerebral cortex) from the amplifier/recorder, and it
depicts the optional further processing of the EEG sig-
nals, that extends beyond the filtering described in step
400; this may include examining the signals for certain
features or thresholding activity originating from within
any or all electrodes.
[0082] Step 732 follows step 730, in that the EEG sig-
nals may then be displayed on a screen, and optionally
further incorporated into the final presentation method in
step 712. This has been reduced to practice as part of
the invention’s custom software, as shown in the right
panel of Fig. 6F. This was accomplished by drawing onto
the display each electrode name on the screen in a ver-
tical list, and for each electrode, drawing lines connecting
each data point (with each point representing the elec-
trical potential read from the electrode and captured with
the computer from the amplifier/recorder at that time in
the Y axis and the time of capture in the X axis), preceding
the present time.
[0083] Stimulation of the subject, depicted in step 726,
may also be an optional step during the operation of the
present invention (depicted as leading into step 300, the
start of the near-real time loop of operation) as it may be
a relevant requirement of the chosen application of the
present invention. This stimulation may be performed in
several ways:

a) auditory stimulation, such as the playing of sounds
or audio recordings with a speaker, or live in the sub-
ject’s environment,
b) visual stimulation, such as the presentation of im-
ages,
c) tactual stimulation, such as light touch, or mechan-
ical stimulation,
d) olfactory stimulation, such as the presentation of
smell,
e) internal chemoreceptor stimulation, such as the
alteration of blood pH.
f) thermal stimulation, such as the presentation of a
cold stimulus,
g) nociceptive stimulation, such as the presentation
of a painful mechanical stimulus,
h) proprioceptive stimulation, such as the disruption
of self-awareness,
i) equilibrioceptive/vestibular system stimulation,
such as the disruption of the inner-ear fluid to upset
balance, and
j) stimulations which evoke a specific emotion using
a complex sensory stimulus and cognitive stimula-
tion including the presentation of an idea or words
or presentation of any cognitive stimulus such as one
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that evokes a mental change such as the recall of a
memory.

[0084] Fig. 7B lists the eight particular applications of
the present invention, and serves as an index for which
figure further explains each application. Each application
originates from Fig. 7A, step 714, which calls for the ex-
ecution of a particular application, decided by a human
operator. The applications and their associated figures
are as follows:

a) Researching - Figure 8,
b) Diagnosing - Figure 9,
c) Monitoring - Figure 10,
d) Treating - Figure 11,
e) Lie Detecting - Figure 12,
f) Educating the Brain - Figure 13,
g) Entertaining - Figure 14, and
h) Effecting an Industrial Process - Figure 15.

[0085] Fig. 7C depicts the setup and utilization of the
other devices or effectors mentioned in Fig. 7A, steps 70
and 710. Some particular applications may require or
may benefit from additional information that supplements
the subject’s localized electrical activity. For example, in
the case of sleep medicine it is relevant to collect phys-
iological signals from a subject, such as those from an
oxygen monitor, to determine the breathing status of the
subject. Some particular applications may require trans-
mitters and receivers to send and receive a subject’s lo-
calized electrical activity between remote locations, such
as in the case of telemedicine, where the human operator
that would interpret a subject’s condition may be located
hundreds of kilometers away.
[0086] Step 738 depicts the setup of a transmitter and
receiver for the purpose of telemedicine. The transmitter
could be anything capable of sending a signal with suf-
ficient bandwidth to capture the near-real time localized
electrical activity data. This could be performed over a
private network, the internet, or through wireless trans-
mission of electromagnetic radiation with wavelengths
similar to those use by radio or television broadcasts.
The transmitter would be located at the site where the
subject is located and connected to the present invention.
The receiver would be at a remote location and would
use the same medium of communication that the trans-
mitter would use, and it would be connected to an alter-
nate ’remote site’ embodiment of the present invention
where the receiver would generate the electrical activity
signals as opposed to a computer transforming electrical
signals captured from an EEG amplifier/recorder. Step
740 depicts the operation of the aforementioned trans-
mitters and receivers. Data would be transmitted at the
subject site prior to Fig. 7A step 710, and the data would
be received at the remote site before Fig. 7A step 710 in
the ’remote site’ embodiment of the present invention.
[0087] Steps 742-748 depict the setup, capturing, re-
cording and playing of an audio signal. The audio signal

capturing device, such as a microphone connected to a
soundcard in a computer, would be connected in step
742 following Fig. 7A step 70. During the operation of the
present invention, audio signals may then be captured
for use by the present invention in Fig. 7A step 710 as
depicted in step 744, recorded as in step 746, or played
as in step 748. Audio signals may be recorded to random
access memory, on an external media such as a CD,
DVD or cassette, or onto a hard drive. Playing of the
audio signal could be integrated with the final presenta-
tion method in Fig. 7A step 712, or accomplished using
a standalone loud-speaker or equivalent.
[0088] Steps 750-756 depict the setup, capturing, re-
cording and playing of a video signal. The video signal
capturing device, such as a digital camera or camcorder
connected to a video card in a computer, would be con-
nected in step 750 following Fig. 7A step 70. During the
operation of the present invention, video signals may
then be captured for use by the present invention in Fig.
7A step 710 as depicted in step 752, recorded as in step
754, or displayed as in step 756. Video signals may be
recorded to random access memory, on an external me-
dia such as a CD, DVD or cassette, or onto a hard drive.
Displaying of the video signal could be integrated with
the final presentation method in Fig. 7A step 712, or ac-
complished using a standalone monitor or equivalent.
[0089] Steps 758-764 depict the setup, capturing, re-
cording and playing of physiological signals. Examples
of physiological signal capturing devices include:

a) electrooculogram,
b) electromyogram,
c) electrocardiogram,
d) strain gauges,
e) piezoelectric bells,
f) inductive plethysmography,
g) impedance gauge,
h) pneumograph,
i) endoesophageal pressure monitor,
j) air flow thermistor,
k) pneumotachograph,
l) oxygenator,
m) body position monitor,
n) vibration monitor,
o) end tidal CO2 monitor,
p) transcutaneous CO2 monitor,
q) esophageal PH monitor, penile
r) tumescence monitor,
s) galvanometer,
t) sphygmomanometer, and
u) heart rate monitor.

Any one of these devices, or any combination of them
may be connected to the present invention in step 758
following Fig. 7A step 70. During the operation of the
present invention, physiological signals may then be cap-
tured for use by the present invention in Fig. 7A step 710
as depicted in step 760, recorded as in step 762, or dis-
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played as in step 764. Physiological signals may be re-
corded to random access memory, on an external media
such as a CD, DVD or cassette, or onto a hard drive.
Displaying of the physiological signals could be integrat-
ed with the final presentation method in Fig. 7A step 712,
or accomplished using a standalone monitor or equiva-
lent.

Methods of Researching Utilizing the Present Invention 
- Figure 8

[0090] Fig. 8 depicts how the present invention may
be utilized to discover a wide variety of information and
insight on the involvement of the cerebral cortex by its
localized electrical activity through conducting research
in near-real time. This research will generate quantitative
datasets on normal and abnormal conditions, disorders,
and states. Examples of these datasets include:

i) brain disorders,
ii) changes in the conditions of subjects with brain
disorders,
iii) normal brain processes,
iv) characterization of the synergy between function-
al elements of the brain (i.e. areas of the brain that
work together to perform a function),
v) cortical targets for treating diseases,
vi) lying,
vii) telling the truth,
viii) thoughts and ideas,
ix) feelings and emotions,
x) sensations,
xi) beliefs,
xii) predispositions,
xiii) planning, and
xiv) psychological states of mind.

[0091] In order to perform many of the particular appli-
cations of the present invention listed in Fig. 7B, including
diagnosing, monitoring (especially for an improvement
or deterioration), treating, lie detecting, educating the
brain, entertaining and effecting an industrial purpose, it
will be necessary to first conduct research on subjects
to establish parameters such as:

i) what is normal, to provide a basis of comparison
towards,
ii) what is abnormal (i.e. the signature or pattern of
a particular condition, disorder or state),
iii) thresholds, that when exceeded or have fallen
below, signify something important, and
iv) correlations between two or more variables, so
that if one variable changes or can be changed, the
response of the other, or others, can reliable be pre-
dicted.

[0092] There are two ways to establish these param-
eters, as mentioned by the decision step 802; autono-

mously and non-autonomously. An autonomous way of
establishing parameters involves the processing of the
localized electrical activity information by algorithms,
without human involvement, whereas the non-autono-
mous establishment of these parameters initially involves
a human operator observing gross phenomena, which is
step 808.
[0093] The observation of gross phenomena, depicted
by step 808, means that there are changes that are no-
ticeably visible to the operator of the present invention.
One important type of observable gross phenomena is
a correlation such as when the operator can see a no-
ticeable change in a subject’s near-real time localized
electrical activity and other cues such as gross deflec-
tions on the simultaneous near-real time EEG signals or
physiological signals. These changes would be observed
using the final presentation method and initial interpre-
tation mentioned in Fig. 7A step 734. However, there may
other cues involved that are not related to the collection
of signals, such as gross facial expressions as well as
audible utterances, and gestures. After forming a judg-
ment as to the occurrence of a correlation, the operator
may use the present invention to deconstruct the asso-
ciated 3D signal. For example, if one sees an interesting
feature on EEG and associated localized electrical vec-
tors that point away from that electrode’s position adja-
cent to the solution space, then one can play back the
display in slow-motion and perform simultaneous viewing
so as to isolate precisely which vectors are most respon-
sible for the observation of gross phenomena. This may
require the utilization of a number of the tools or proce-
dures described in this document as well as any sort of
stimulus previously mentioned.
[0094] If the parameters mentioned in section [00099]
are to be established autonomously, then the decision in
step 804 must be made; is the parameter going to involve
a comparison, or will it depend on a correlation? If the
answer is yes, then the generation of normative datasets
and abnormal datasets must occur (steps 812 and 814).
If the answer is no, then correlative datasets must be
generated (step 806).
[0095] Calculating statistical norms requires normal
data. Step 812 depicts the generation of normative data
for the purpose of establishing a statistical norm. This
entails the near-real time collection of localized electrical
activity from a number of subjects that are healthy and
are not afflicted by the condition, state or disorder that
the particular research application is attempting to iden-
tify. It is possible to accomplish this in a way such that
as the present invention is operating, the normative da-
taset would continually be added to, if the data is being
stored in near-real time, either in the form of captured
electrical signals, localized electrical activity, or proc-
essed localized electrical activity. In addition this same
method can be utilized to generate a normative dataset
for a patient’s own healthy state.
[0096] Generating an abnormal dataset, as mentioned
in step 814, requires a similar procedure with the excep-
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tion that subjects are now required to be afflicted or ex-
pressing the condition, state or disorder that the research
application is attempting to identify.
[0097] It is possible to generate both normative and
abnormal datasets in near-real time on the basis of the
following items:

i) *Average or standard deviation of the current den-
sity for each voxel over time,
ii) *Average or standard deviation of the x, y, and z
components of the localized electrical activity vec-
tors for each voxel over time,
iii) *Average or standard deviation of the localized
electrical activity vector rotation over time,
iv) *Average rate of change of items i-iii above (i.e.
velocity),
v) Median or mode of the current density for each
voxel over time,
vi) Median or mode of the x, y, and z components
of the localized electrical activity vectors for each
voxel over time,
vii) Median or mode of the velocity of electrical ac-
tivity vector rotation over time,
viii) Average rate of change of items v-vii above (i.e.
velocity),
ix) Average acceleration (i.e. rate of change of ve-
locity) of items i-vi above, and
x) Average counts for a specific current density pat-
tern in time such as the number of occurrences or
frequency of spikes (a sudden increase in current
density) over time.

Note: on items marked with an asterisk(*), the present
invention has reduced to practice via the custom soft-
ware.
[0098] The near-real time averaging of values and cal-
culation of standard deviations was accomplished by
continuously adding the values in question (i.e. current
densities, electrical activity vectors, or electrical activity
directions) (v) into an memory buffer over time (V) and
then dividing by the number of instances in time, or
frames that have elapsed (n). In addition, the standard
deviation (s) at any given moment can be obtained by
the following well-known formula: s = √(∑(v-V)2/(n-1)).
Alternatively, averaging in near-real time over a period
of time for any sort of item mentioned can be accom-
plished by calculating a weighted average between the
previously calculated average and the current value. For
example, if the invention has been operating for 1000
instances in time, or frames, to calculate the average at
frame #1001, one would add the value at the current time,
frame #1001, divided by 1001, to the previous average
calculated over the past 1000 frames multiplied by
1000/1001.
[0099] Calculating the change or instantaneous veloc-
ity of a vector component, angle, or current density was
accomplished by taking the difference between the value
at the current frame and the value at the previous frame.

[0100] Calculating the rotation of the electrical activity
vectors was accomplished by normalizing the vector by
its magnitude, as previous described in Fig. 5F.
[0101] Once the datasets have been generated, com-
parisons can take place, as denoted by step 816, to ask
such questions as:

i) Are these abnormal datasets significantly different
from what is known to be normal?
ii) Is this subject with the condition, state or disorder
that the research application is attempting to char-
acterize the same as all the other abnormal data-
sets?
iii) Is this subject really normal?

[0102] To answer the above questions, statistical tests
between the two datasets have to be performed. It is
possible to use tests such as t-tests and its derivatives,
Poisson tests, X2 tests, analysis of variance (ANOVA),
topographical analysis of variance (TANOVA), multiple
analysis of variance (MANOVA), general linear model
(GLM) tests, statistical parametric mapping (SPM) and
statistical non-parametric mapping to do this. The results
of these tests could then be presented using the final
presentation method, Fig 7A step 712. Both t-tests and
Poisson tests have been reduced to practice by the
present invention via the custom software. This was ac-
complished utilizing techniques known to those skilled in
the art.
[0103] To generate a correlative dataset, a similar ap-
proach to the generation of a normative or abnormal da-
taset can be undertaken, only that instead of establishing
a comparison, a correlation between two or parameters
would be generated instead, as mentioned in step 806.
Based on the correlative data generated, thresholds can
then be defined. For example, in section [00026] it was
mentioned that alcohol intoxication exhibited increased
theta activity; if one were to measure a subject whose
level of intoxication was steadily increased through the
consumption of a certain fermented hops and barley con-
taining beverage and the subject’s captured electrical
signals were filtered for the theta range of frequencies
then processed into localized electrical activity, one could
plot a correlation between frontal lobe theta band local-
ized electrical activity and level of intoxication in near-
real time. One could also repeat this in a number of sub-
jects to build a correlative index with a higher statistical
power. The results of these correlative studies could then
be presented using the final presentation method, Fig 7A
step 712. In the context of the above example, if one
were to then finally examine and interpret the correlative
data, one could determine a quantitative threshold based
on the theta band localized electrical activity defining at
what level of activity a subject would be considered to be
legally intoxicated.
[0104] An additional important step in these aforemen-
tioned methods of research is the utilization of a stimulus
applied to a subject to test for a response. This is encom-
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passed by Fig. 7A step 726. The present invention has
been designed to perform this type of research. Research
into the mechanism of action of drugs and into the dis-
covery of characteristics of lying may be performed using
this method.

Methods of Diagnosing Utilizing the Present Invention - 
Figure 9

[0105] Fig. 9 depicts how the present invention can be
utilized to diagnose the wide variety of brain disorders
mentioned in section [00026]. The research application
described in Fig. 8 is very important in establishing the
diagnostic parameters, patterns and datasets required
for the use of this invention in diagnosis, hence many of
the methods utilized by this application are similar if not
identical to those in the researching application.
[0106] The present invention has three principle meth-
ods to diagnosing brain disorders. Two are autonomous
and one is not, with the differences between the two ap-
proaches described previously in Fig. 8. Step 902 is
where the decision to use an autonomous method is
made, and the particular choice depends on the suspect-
ed brain disorder or provisional diagnosis made by a cli-
nician. This decision may not require human choice as
it may be predetermined depending on the disorder.
[0107] The non-autonomous method is based on ob-
servation for known characteristics, as depicted in step
912. Observation in this case means that the human op-
erator is utilizing the final presentation method and inter-
pretations thereof from Fig. 7A step 734, with all neces-
sary potential signals (Fig. 7C), and tools for manipulating
electrical activity (Figs. 4-6) at the operator’s disposal to
make a diagnosis based on the operator’s own experi-
ence in utilizing the present invention and interpreting for
the particular brain disorder or brain disorders to be di-
agnosed in the patient. At this point the operator can then
issue a diagnosis, as depicted in step 914, followed by
the termination of the operation of the present invention
as the procedure has been completed.
[0108] The autonomous methods are further divided
into comparative and non-comparative methods at the
decision made in step 904. This decision may not require
human choice as it may be predetermined depending on
the disorder.
[0109] Step 906 represents the autonomous compar-
ative method where the patient’s localized electrical ac-
tivity is processed as mentioned in Fig. 8 and compared
to either the patient’s own normal dataset, or a normative
dataset that is a statistical norm for healthy individuals
not suffering from the patient’s suspected condition. The
comparison would be performed utilizing a number of
statistical tests, described in Fig. 8.
[0110] Step 910 represents the autonomous non-com-
parative method where the patient’s localized electrical
activity is processed as mentioned in Fig. 8 and relevant
activity assessed to see if it is crossing over or under a
threshold derived from either the patient’s own correlative

dataset, or a correlative dataset from a number of pa-
tients.
[0111] Upon the completion of either autonomous test,
a result or an alert would be indicated in step 908, which
could be interpreted by the operator either before or after
integration into the final presentation method (Fig. 7A
step 712).

Methods of Monitoring Utilizing the Present Invention - 
Figure 10

[0112] Fig. 10 depicts how the present invention can
be utilized to monitor the wide variety of monitorable con-
ditions that consists of the brain disorders and conditions
mentioned in sections [00026-00027]. Monitoring pro-
vides a flow of information in near-real time either locally
to an observer that is in the presence of the patient or to
a remote observer, by means of telemedicine techniques.
Monitoring can be achieved using of audio, visual, or me-
chanical alarms as opposed to display monitors, and
when alarms are involved, a visual display monitor may
not be required.
[0113] Many of the methods utilized by this application
are similar if not identical to those in the researching and
diagnosing applications.
[0114] Step 1002 describes the situation wherein a de-
cision to use an autonomous method is made, and the
particular choice depends on the patient’s monitorable
condition. This decision may not require human choice
as it may be predetermined depending on the monitora-
ble condition.
[0115] The non-autonomous method is based on ob-
servation for known characteristics, as depicted in step
1012. The operator performs this observation utilizing
the tools and methods of the invention in addition to draw-
ing upon the experience of the operator in recognizing
changes in the monitorable condition. When a change is
observed, the operator can then issue an alert, as de-
picted in step 1014, followed by the termination of the
operation of the present invention as the procedure has
been completed.
[0116] The autonomous methods are further divided
into comparative and non-comparative methods at the
decision made in step 1004. This decision may not re-
quire human choice as it may be predetermined depend-
ing on the monitorable condition.
[0117] Step 1006 represents the autonomous compar-
ative method where the patient’s localized electrical ac-
tivity is processed as mentioned in Fig. 8 and compared
to either the patient’s own normal dataset, or a normative
dataset that is a statistical norm for healthy individuals
that are not exhibiting the patient’s monitorable condition.
The comparison would be performed utilizing a number
of statistical tests, described in Fig. 8.
[0118] Step 1010 represents the autonomous non-
comparative method where the patient’s localized elec-
trical activity is processed as mentioned in Fig. 8 and
relevant activity assessed to see if it is crossing over or
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under a threshold derived from either the patient’s own
correlative dataset, or a correlative dataset from a
number of patients.
[0119] Upon the completion of the autonomous test, a
result or an alert indicating a chance in condition would
be indicated in step 1008, which could be interpreted by
the operator either before or after integration into the final
presentation method (Fig. 7A step 712), or interpreted
by the patient if a portable embodiment of the invention
is utilized.

Methods of Treating Utilizing the Present Invention - Fig-
ure 11

[0120] Fig. 11 depicts how the present invention can
be utilized to treat the wide variety of treatable conditions
that consists of the brain disorders and treatable condi-
tions mentioned in sections [00026-00028].
[0121] In general, the role of the present invention in
the realm of treatment is to serve as a guidance system
to help target a particular treatment. This would be ac-
complished by using the present invention to isolate a
target region or a target electrical activity pattern which
is characteristic of a treatable condition. Subsequently a
corrective action is taken using any of a number of treat-
ment modalities, described below.
[0122] Many of the methods utilized by this application
are similar if not identical to those in the researching,
diagnosing, and monitoring applications.
[0123] Step 1102 is where decision to use an autono-
mous method is made, and the particular choice depends
on the patient’s treatable condition. This decision may
not require human choice as it may be predetermined
depending on the treatable condition.
[0124] The non-autonomous method is based on ob-
servation for known characteristics, as depicted in step
1106. The operator performs this observation utilizing
the tools and methods of the invention in addition to draw-
ing upon the experience of the operator in recognizing
regions or activities as potential targets in the treatable
condition, as shown in step 1112.
[0125] The autonomous methods are further divided
into comparative and non-comparative methods at the
decision made in step 1104. This decision may not re-
quire human choice as it may be predetermined depend-
ing on the treatable condition.
[0126] Step 1110 represents the autonomous compar-
ative method where the patient’s localized electrical ac-
tivity is processed as mentioned in Fig. 8 and compared
to either the patient’s own normal dataset, or a normative
dataset that is a statistical norm for healthy individuals
that are not exhibiting the patient’s treatable condition.
The comparison would be performed utilizing a number
of statistical tests, described in Fig. 8.
[0127] Step 1108 represents the autonomous non-
comparative method where the patient’s localized elec-
trical activity is processed as mentioned in Fig. 8 and
relevant activity assessed to see if it is crossing over or

under a threshold derived from either the patient’s own
correlative dataset, or a correlative dataset from a
number of patients.
[0128] Upon the completion of the autonomous test,
regions or activities would be identified as potential tar-
gets for the treatable condition, as shown in step 1112.
[0129] When a target has been identified, the operator
can then proceed with administering a treatment, as de-
picted by step 1114, such as a non-invasive treatment
with a transcranial magnetic stimulation (TMS) device,
or an entrainment device. Entrainment devices are used
to attempt to modify the electrical activity in the patient’s
brain, generally to bring about a beneficial effect. Such
devices may stimulate the patient visually, acoustically
or via another sensory modality. TMS devices utilize
magnetic fields to modify the patient’s brain electrical ac-
tivity. At this point the results of the treatment may be
observed using the final presentation method (Fig. 7A
step 712) for effectiveness.
[0130] In addition, the operator may want to refer the
patient for a surgical intervention, such as the implanta-
tion of a stimulatory or inhibitory device to invasively treat
the target. At this point the operation of the present in-
vention will terminate as the procedure has been com-
pleted.

Methods of Lie Detecting Utilizing the Present Invention 
- Figure 12

[0131] Fig. 12 depicts how the present invention can
be utilized to detect whether a subject is lying or telling
the truth. In order to develop this application, signature
patterns for localized near-real time electrical activity in-
dicative of lying and truthfulness may be identified
through research trials utilizing the present invention and
methods previously described in Fig. 8.
[0132] To elaborate, the trials may involve generating
datasets from subjects who are instructed to lie or in-
structed to tell the truth and who comply with this request
while connected to the present invention. These datasets
of truths and lies may later be used when testing future
subjects for lying and may serve as a basis for compar-
ison.
[0133] The first specific step in the lie detecting appli-
cation is the decision step 1202 asking whether to use
an autonomous method. The answer depends on the re-
sults of the research trial into the most accurate deter-
mining test for truthfulness. If the trial indicates that the
non-autonomous method is ideal (akin to how polygraphs
are still completely human-interpreted), then steps
1204-1208 will commence afterwards; otherwise, steps
1210-1212 will.
[0134] The subject would then be stimulated, as pre-
viously described in Fig. 7 step 726, where in this case,
the stimulus could be in the form of a question that would
elicit a response from the subject, which may or may not
be a truthful one. It may also involve other forms of stim-
ulation such as showing someone an object. In some

37 38 



EP 1 885 241 B1

21

5

10

15

20

25

30

35

40

45

50

55

instances no question is asked and the subject’s electri-
cal activity is studied for known indicators of lying.
[0135] Step 1204 is an optional step that involves the
observation of a single or any combination of additional
near-real time signals from other signal acquisition de-
vices such as those previously described in Fig. 7C. Each
of these signals may have characteristic markers for lying
including previously known physiological markers for ly-
ing, video markers for lying (such as facial expressions
and gestures), or near-real time audio markers of lying.
[0136] Step 1206 involves the observation for known
characteristics utilizing interpretation of the final presen-
tation method from Fig. 7A step 734. The human operator
may utilize any single tool or combination of tools for ma-
nipulating electrical activity (Figs. 4-6) to assist in the
isolation of the localized activity specific to lying and truth-
fulness.
[0137] Based on the observations from step 1206, the
human operator would then form an opinion on lying. At
this point the application would be complete, and the op-
eration of the present invention terminated.
[0138] If the autonomous method of determining truth-
fulness was demonstrated to be ideal, then step 1210
would execute, the subject’s localized electrical activity
would be compared, using the previously described sta-
tistical tests, to the subject’s own baseline (normal truthful
state), or a baseline generated from a number of healthy
truthful subjects in an identical way that the normative
dataset would be generated from Fig. 8.
[0139] At this point, a result or alert on the subject’s
truthfulness would be indicated by the statistical test uti-
lized, and incorporated into the final presentation method
in Fig 7A step 712.

Methods of Educating the Brain Utilizing the Present In-
vention - Figure 13

[0140] Fig. 13 depicts how the present invention can
be utilized to educate the subject’s own brain such that
the condition, disease or performance of the subject’s
brain would improve. It is possible to use the present
invention to educate people to modulate their cortical ac-
tivity by using the results presented using the final pres-
entation method as a form of biofeedback so as to teach
the brain to work more effectively or to reduce the occur-
rence of an ineffective or abnormal state or process.
[0141] Step 1302 is the first step in this application,
which is to identify an objective for correction or improve-
ment, i.e. the subject (or the subject with the assistance
of a therapist) must opt either to train a desirable electrical
activity to occur, or to decide to train an undesirable ac-
tivity so that it does not occur. For example, if a subject
has difficulty concentrating, then the subject may want
to improve on the ability to suppress alpha-band electrical
activity located in the posterior of the cerebral cortex. A
system of rewards and punishments may be used to en-
courage desirable patterns and discourage unwanted
patterns.

[0142] The subject then has the choice in decision step
1304, to look at raw data only, or data that has been
processed in an assistive manner. Raw data in this case
is defined as localized electrical activity that has not had
any algorithms such as those mentioned in Fig. 8 per-
formed on the data.
[0143] If the subject chooses to observe raw data only,
then the subject may choose to interpret it then examine
it using the final presentation method, which would in-
volve Fig. 7A step 734, or the subject could remain pas-
sive and just examine it without application-specific in-
terpretation by proceeding to Fig. 7A step 712.
[0144] If the subject chooses to observe the localized
electrical activity that has been computationally assisted
via a previously described algorithm, then the algorithm
would provide the necessary evidence, especially if there
had been a research trial completed on the particular
objective for correction or improvement. The subject
would then examine the computationally assisted local-
ized electrical activity using the final presentation meth-
od, which would involve Fig. 7A step 712.
[0145] At this point, the subject would then attempt to
enact a mental change to attempt to achieve the objec-
tive.

Methods of Entertaining Utilizing the Present Invention - 
Figure 14

[0146] Fig. 14 depicts how the present invention may
be utilized to entertain the subject. Entertaining is defined
as the enjoyment or excitement obtained by a subject
upon seeing a display of his or her own electrical activity.
[0147] Step 1402 is a decision step asking whether the
entertainment application involves autonomous algo-
rithms to process the localized electrical activity.
[0148] If the application does not involve autonomous
processing, then the subject would then watch his or her
own localized electrical activity utilizing the final presen-
tation method, in Fig. 7A step 712.
[0149] If the application does involve autonomous
processing, then the subject would be able to utilize al-
gorithms such as those previously described to recognize
patterns automatically which can then in turn be utilized
to manipulate a game character or visually entertaining
display which ultimately is presented using the final pres-
entation method to display a visual change in the char-
acter (Fig. 7A step 712). In this instance the character
may be an image of a person or an object. There are a
number of options as to which localized signals are har-
nessed to manipulate the character. The movement of
the character on the screen could be linked to electrical
activity with is non-volitional, in which case the movement
of the figure would be under involuntary control. Howev-
er, if volitional signals from the motor cortex were local-
ized and captured, then it is possible to have the char-
acters moving according to the volition of the operator.
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Methods of Effecting an Industrial Purpose Utilizing the 
Present Invention - Figure 15

[0150] Fig. 15 depicts how the present invention may
be utilized to effect an industrial purpose.
[0151] It is possible to isolate localized electrical activ-
ity emanating from a subject and then to capture it and
activate a change in the environment using an effector.
Effectors can be mechanical, as in the case of a robotic
arm; physical as when causing changes in temperature:
or chemical, whereby a chemical changes are produced.
[0152] Step 1402 is when an effector would be setup,
leading into Fig. 7A step 70, when other devices are to
be setup.
[0153] Step 1404 entails the use of algorithms to au-
tonomously recognize certain patterns and capture them
so as to activate an external effector to produce a tangible
effect on the surrounding environment. Examples include
industrial processes to control an external mechanical
device, such as an assembly arm, or other industrial ro-
bots. The method of pattern recognition may involve one
of the previously described algorithms or approaches,
specifically from Fig. 8, but it also may require the devel-
opment of new algorithms to account for the fine control
that may be required of certain effectors. In order for the
environmental manipulation to be planned and meaning-
ful volitional signals emanating from the frontal lobe of
the cerebral cortex, and especially the areas of the brain
involved in voluntary motor control will likely need to be
isolated, then captured, and finally utilized to activate an
effector in step 1406.
[0154] In addition, it is possible to add a transmitter,
which is in turn connected to a receiver and finally con-
nected to a remote effector in order to produce an indus-
trial change in the environment at a remote location.

Alternative Embodiments of the Present Invention

[0155] An alternate embodiment of the invention is di-
rected towards a method of performing near-real time
three-dimensional display and analysis with multiple
forms of near-real time statistical analysis and quantifi-
cation using state of the art components including a cus-
tomized solution space (based on the subject’s own cer-
ebral cortex isolated from his or her own MRI or other
appropriate brain imaging methodology, using accepted
techniques currently in use), an electrode digitizer (a de-
vice that accurately measures the electrode positions on
the subject’s scalp in 3D space), ultrahigh sampling EEG
amplifiers/recorders (>20 KHz, so as to sample the cor-
tical activity with great rapidity to allow for generating as
many pictures of the cortex as possible per second); the
most accurate inverse solution approximations which
would allow for the display of voxels with the highest pos-
sible spatial resolution despite computational expense;
the fastest computers available on the market; and large
and/or multiple high resolution screens. This embodi-
ment would be especially useful for imaging changes oc-

curring over extremely short time intervals, and in which
multiple forms of analysis are needed to clarify the cortical
activity.
[0156] In one embodiment of the present invention, da-
ta generated using an inverse solution is analyzed by a
microcomputer which identifies specific danger signals.
This microcomputer is in turn connected to an alarm such
as a bell which alerts medical personnel to possible dan-
ger to the patient. This embodiment can be without the
use of imaging or the display of localized electrical activ-
ity. This embodiment represents a portable version of the
invention.
[0157] An alternate embodiment of the portable inven-
tion entails integration with telemedicine methods includ-
ing transmitters and receivers so that the signals and
data are communicated to a second location where cli-
nicians can view and interpret the data for a patient that
is remote to them. Ambulatory monitoring of persons that
are conscious and can walk may be performed using
miniature amplifiers.
[0158] Another embodiment of the invention is directed
at a method of monitoring electrical activity in sleep and
as an aid in the quantification and analysis of sleep stages
and as an aid to the diagnosis of sleep disorders. In this
embodiment, it is possible to perform near-real time
three-dimensional display and analysis of known clinical-
ly important waveforms and frequency bands including
alpha, beta, delta and theta within sleep activity in sep-
arate windows on a screen or screens simultaneously,
By combining elements of the present invention with ex-
isting techniques involving physiological monitoring de-
vices of parameters that are used in the field of sleep
medicine such as oxygenation, or heart rate, it is possible
to create an improved form of polysomnography.
[0159] The present invention should not be considered
limited to the particular examples described above, but
rather should be understood to cover aspects of the in-
vention as fairly set out in the attached claims. Various
modifications, equivalent processes as well as numerous
structures to which the present invention may be appli-
cable will be readily apparent to those of skill in the art
to which the present invention is directed upon review of
the specifications.
[0160] Apart from the aspects claimed in the annexed
claims, other aspects of the present invention can be
summarized as follows.

Claims

1. A method for near-real time three-dimensional local-
ization of electrical activity in the cerebral cortex
comprising:

A) applying electrodes having associated con-
nectors to a subject’s scalp (100),
B) connecting the electrodes to an amplifier/re-
corder and connecting the amplifier/recorder to
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a computer (200),
C) utilizing said amplifier/recorder to receive
electrical signals transmitted through said sub-
ject’s scalp (300),
D) continuously capturing the electrical signals
from said amplifier/recorder with said computer
(400), wherein continuously capturing the elec-
trical signals comprises acquiring a number of
frames per second equal to the sampling fre-
quency of the amplifier/recorder and filtering the
electrical signals,

characterised by the method further comprising:

E) processing, using said computer, said con-
tinuously captured electrical signals with an in-
verse solution approximation which performs
mathematical calculations to transform said
electrical signals into information representative
of localised electrical activity confined to a three-
dimensional solution space, representing the
volume and shape of the cerebral cortex, where-
in processing said continuously captured elec-
trical signals comprises multiplication of each
new frame of captured electrical signals (E) by
a transformation matrix (T) that is generated by
an inverse solution approximation algorithm to
yield an array of voxels containing localized
electrical activity (V), the localized electrical ac-
tivity for each voxel being represented as three-
dimensional vector with an x, y, and z compo-
nent; and
F) presenting in near-real time a stream of said
information representing the localized electrical
activity originating from said subject’s cerebral
cortex (500) using a final presentation method.

2. The method of claim 1, comprising displaying on a
graphical user interface in near-real time images of
the localized electrical activity in three-dimensions.

3. The method of claim 1, wherein the localized elec-
trical activity for each voxel is displayed as a shade
of colour representing the magnitude of the electrical
activity vector, or wherein the localized electrical ac-
tivity for each voxel is displayed as a line with a dis-
tinct direction and magnitude representing the mag-
nitude and direction of the electrical activity vector.

4. The method of claim 1 wherein said final presenta-
tion method is selected from any one or a combina-
tion of the following:

i) using a single screen display with one window,
ii) using a single screen display with multiple win-
dows,
iii) using a multiple screen display with single
windows,

iv) using a multiple screen display with multiple
windows, and
v) using a speaker to generate sound.

5. The method of claim 1 wherein said stream of infor-
mation is displayed as a stream of images.

6. The method of claim 5 wherein the stream of images
displays voxels arranged in the shape of a solution
space for a brain.

7. The method of claim 6 wherein said voxels are dis-
played graphically utilizing tools to manipulate the
graphical display and analysis of voxels (716, 718).

8. The method of claim 6 wherein said localized elec-
trical activity is displayed graphically utilizing tools
to analyze and graphically display localized electrical
activity.

9. The method of claim 6 wherein said stream of images
is displayed graphically utilizing tools to modify
graphically displayed results (716, 718, 720, 722,
724).

10. The method of claim 1 wherein said stream of infor-
mation is displayed as a stream of alphanumeric text
(736).

11. The method of claim 1 wherein said stream of infor-
mation is simultaneously presented with additional
near-real time information selected from any one or
a combination of the following:

i) electroencephalographic signals from said
subject,
ii) video image signals from said subject (756),
iii) physiological signals from said subject (764),
and
iv) audio signals from said subject (748).

12. The method of claim 1 further comprising using the
stream of information to assess the ability of the sub-
ject to perform a wide variety of useful tasks.

13. The method of claim 12 further including stimulating
the subject (726).

14. The method of claim 12 wherein:

i) said subject is a patient, and
ii) wherein said method further comprises using
said final presentation method to assist in mon-
itoring a monitorable condition of the patient
(714).

15. The method of claim 14 wherein said monitorable
condition is a member of any one or a combination
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of the following list:

i) mental and behavioural disorders,
ii) diseases of the nervous system,
iii) other diseases and disorders involving the
cerebral cortex,
iv) anesthesia of a patient,
v) comas,
vi) acute head traumas, and
vii) reactions to a stimulus.

16. The method of claim 14 further including:

i) analyzing said localized electrical activity to
detect a known characteristic indicative of a
change in said patient’s monitorable condition
(1012), and
ii) generating an alert in the event of a change
in said patient’s monitorable condition (1014).

17. The method of claim 16 further including transmitting
said alert from the site of the patient, and receiving
said alert at a remote site thereby to permit said hu-
man operator at a remote position to monitor said
patient.

18. The method of claim 14 further including:

i) utilizing autonomous comparing between
characteristics of said patient and a statistical
norm by a statistical test (1006),
ii) identifying a change in said patient’s condition
by demonstrating a statistical difference indica-
tive of a change in said patient’s monitorable
condition using said final presentation method
(1008), and
iii) interpreting said result and generating an in-
dication as to the change in said patient’s mon-
itorable condition (734).

19. The method of claim 14 further including:

i) comparing the localized electrical activity with
a threshold utilizing an autonomous non-com-
parative monitoring procedure, and if the thresh-
old is exceeded, generating an alert indicating
a change in the patient’s monitorable condition
(1010),
ii) presenting said alert using said final presen-
tation method (712), and
iii) interpreting said alert and generating an in-
dication as to the change in said patient’s mon-
itorable condition (734).

20. The method of claim 12 further comprising using said
final presentation method to aid in researching local-
ized cortical electrical activity and to discover new
characteristics of said localized cortical electrical ac-

tivity (712).

21. The method of claim 20 further including:

i) analyzing said localized electrical activity from
said subject to detect gross phenomena (808),
and
ii) developing refined analysis (810).

22. The method of claim 20 wherein when said subject
is healthy, said method further comprising using said
localized electrical activity to generate a normative
dataset (802, 804, 812).

23. The method of claim 20 wherein when said subject
is pathological, said method further comprising using
said localized electrical activity to generate an ab-
normal dataset (802, 804,814).

24. The method of claim 20 further comprising autono-
mously comparing said localized electrical activity
with a statistical test in near-real time to any one or
a combination of the following (816):

i) an abnormal dataset consisting of one or more
subjects,
ii) a normal dataset consisting of one or more
subjects,
iii) said subject’s own normal dataset, and
iv) said subject’s own abnormal dataset.

25. The method of claim 24 wherein said statistical test
is selected from any one or a combination of the fol-
lowing:

i) t-test,
ii) Poisson test,
iii) X2 test,
iv) analysis of variance (ANOVA),
v) topographical analysis of variance (TANO-
VA),
vi) statistical non-parametric mapping, and
vii) other predetermined appropriate statistical
tests.

26. The method of claim 20 further comprising using said
localized electrical activity to generate a correlative
dataset (802, 804, 806).

27. The method of claim 12 further comprising using said
final presentation method to detect lying by said sub-
ject (712).

28. The method of claim 27 further including:

i) analyzing said localized electrical activity from
said subject to detect known characteristics of
lying (1206), and
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ii) generating an indication as to the occurrence
of lying committed by said subject (1208).

29. The method of claim 27 further including questioning
said subject about lying prior to capturing said elec-
trical signals.

30. The method of claim 27 further including detecting
lying by employing a method selected from any one
or a combination of the following:

i) correlating said localized electrical activity with
a physiological marker for lying,
ii) correlating said localized electrical activity
with a video marker for lying, and
iii) correlating said localized electrical activity
with an audio marker for lying.

31. The method of claim 27 further including:

i) utilizing autonomous comparing of said sub-
ject to a statistical norm for lying by a statistical
test (1210),
ii) generating a result demonstrating a statistical
difference indicative of lying on said final pres-
entation method (712, 1212), and
iii) generating an indication as to the occurrence
of a lie committed by said subject.

32. The method of claim 27 further including:

i) comparing the localized electrical activity with
a threshold utilizing an autonomous non-com-
parative lie detecting procedure, and if the
threshold is exceeded, generating an alert indi-
cating the probable occurrence of a lie (1210),
ii) presenting said alert using said final presen-
tation method (712), and
iii) generating an indication as to the occurrence
of a lie committed by said subject.

33. The method of claim 12 further comprising using said
final presentation method to aid in educating and
training said subject’s own brain (712).

34. The method of claim 33 wherein said final presenta-
tion method is selected from any one or a combina-
tion of the following for:

i) training a desirable localized electrical activity
to occur, and
ii) training an undesirable localized electrical ac-
tivity so that it does not occur.

35. The method of claim 33 wherein said training is per-
formed in near-real time using said localized electri-
cal activity that has been further processed using
said final presentation method (1306).

36. The method of claim 12 wherein said subject serves
as said human operator and selects said final pres-
entation method for entertainment purposes (712).

37. The method of claim 36 further including analyzing
said localized electrical activity for known entertain-
ing characteristics (1404, 712).

38. The method of claim 36 further including analyzing
said localized electrical activity for novel unknown
characteristics that said subject finds entertaining.

39. The method of claim 1 further including recording
the results of said processing on a recording medi-
um.

40. The method of claim 39 further including playback
of said recording.

41. The method of claim 1 wherein processing said cap-
tured electrical signals using said mathematical cal-
culations further comprises comparing the localized
electrical activity with a threshold utilizing an auton-
omous non-comparative monitoring procedure and
if the threshold is exceeded, generating an alert in-
dicating the occurrence of a change in said patient’s
monitorable condition (1008, 1010).

42. The method of claim 1 wherein said captured elec-
trical signals are further processed using said math-
ematical calculations to:

i) recognize autonomously patterns utilized to
manipulate a game character or visually enter-
taining display (712, 1406), and
ii) use said final presentation method to display
said character.

43. The method of claim 1 wherein said captured elec-
trical signals are further processed using said math-
ematical calculations to:

i) isolate a volitional signal from said subject’s
motor cortex,
ii) capture said volitional signal, and
iii) utilize said volitional signal to activate an ef-
fector thereby manipulating the environment to
achieve an industrial purpose (1404, 1406).

44. The method of claim 43 further comprising transmit-
ting said volitional signal to a remote effector in order
to produce an industrial change in the environment
at a remote location (1402).

45. The method according to claim 1, wherein said
processing said captured electrical signals further
comprises isolating spectral bands.
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46. The method according to claim 1, wherein said
processing said captured electrical signals further
comprises isolating vector temporal-spatial move-
ment dynamics for example changes in direction and
location of electrical flows.

47. The method according to claim 1, wherein said
processing said captured electrical signals further
comprises correlating generator sources of electrical
activity within said subject’s cerebral cortex in near-
real time in three dimensions to identify locations and
cortical electrical dynamics.

48. An apparatus for near-real time three-dimensional
localization of electrical activity in the cerebral cortex
comprising:

A plurality of electrodes and associated connec-
tors to receive electrical signals from a cerebral
cortex,
An amplifier/recorder that receives said electri-
cal signals,
A computer that continuously captures said
electrical signals from said amplifier recorder to
produce captured electrical signals, wherein the
computer acquires a number of frames per sec-
ond equal to the sampling frequency of the am-
plifier/recorder and filters the electrical signals,

characterised by the apparatus further comprising:

A computer that processes said captured elec-
trical signals and localizes them using an inverse
solution approximation which performs mathe-
matical calculations to transform said electrical
signals into localised electrical activity confined
to a three-dimensional solution space, repre-
senting the volume and shape of the cerebral
cortex, wherein said computer that processes
said continuously captured electrical signals
performs multiplication of each new frame of
captured electrical signals (E) by a transforma-
tion matrix (T) that is generated by an inverse
solution approximation algorithm to yield an ar-
ray of voxels containing localized electrical ac-
tivity (V), the localized electrical activity for each
voxel being represented as three-dimensional
vector with an x, y, and z component; and
A final presentation apparatus to display in near-
real time a representation of said localized elec-
trical activity.

49. The apparatus of claim 48 wherein the final presen-
tation apparatus comprises a graphical user inter-
face to display in near-real time images of the local-
ized electrical activity in three-dimensions.

50. The apparatus of claim 48 wherein the localized elec-

trical activity for each voxel is displayed as a shade
of colour representing the magnitude of the electrical
activity vector, or wherein the localized electrical ac-
tivity for each voxel is displayed as a line with a dis-
tinct direction and magnitude representing the mag-
nitude and direction of the electrical activity vector.

51. The apparatus of claim 48 wherein said final pres-
entation apparatus is any one or a combination of
the following:

i) a single computer monitor,
ii) a plurality of computer monitors, and
iii) a projector, and
iv) an audio speaker.

52. The apparatus of claim 48 further including at least
one auxiliary apparatus for the near-real time record-
ing and near-real time display and later playback of
an auxiliary signal wherein said auxiliary signal is
any one or a combination of the following:

i) video signal,
ii) audio signal,
iii) physiological signal, and
iv) electroencephalographic signal.

53. The apparatus of claim 48 further including a trans-
mitter which transmits signals to a remote location
selected from any one or a combination of the fol-
lowing:

i) said localized electrical activity, and
ii) said auxiliary signal.

54. The apparatus of claim 48 further including a stimu-
lator to stimulate a subject prior to capturing said
electrical signals.

55. The apparatus of claim 48 further including a treat-
ment device selected from any one or a combination
of the following:

i) a transcranial magnetic stimulator,
ii) an implantable device,
iii) a prosthetic device,
iv) an entrainment device, and
v) a monitor for therapeutic biofeedback.

56. The apparatus of claim 48 wherein said computer
performs autonomous comparisons using the local-
ized electrical activity.

57. The apparatus of claim 48 wherein said computer
performs autonomous non-comparative procedures
using the localized electrical activity.

58. The apparatus of claim 48 further including an effec-
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tor selected from any one or a combination of the
following:

i) a chemical effector to make a chemical
change,
ii) a physical effector to make a physical change,
and
iii) a mechanical effector to perform a mechan-
ical act.

59. The apparatus of claim 48 comprising a feature ex-
tractor for isolation of electromagnetic signals in the
cerebral cortex.

60. A method as claimed in claim 1 for use in monitoring
the mental, psychological and behavioral disorders,
diseases, damage or syndromes or condition of a
subject which condition is associated with brain ac-
tivity in the subject, wherein processing step E) com-
prises processing the captured electrical signals by
an inverse solution approximation to produce a da-
taset with each value corresponding to electrical ac-
tivity at a specific three-dimensional location in the
subject’s brain (500);
and wherein the method further comprises determin-
ing from the dataset known characteristics and gen-
erating an alert; or
comparing the values in the dataset with either the
patient’s own normal dataset or a normative dataset
that is a statistical norm for healthy individuals or to
an abnormal dataset for persons suffering from a
disorder or disease (1006); and,
providing an indication of the result of the step of
comparing the values in the dataset (1008).

61. A method as claimed in claim 1 for use in detecting
if a person is telling the truth or lying, the method
further comprising:

prior to step A) creating a dataset of truthful and
untruthful responses with each value in the da-
taset corresponding to electrical activity at a spe-
cific three-dimensional location in a typical hu-
man brain wherein the dataset is either a statis-
tical norm or the person’s own signature patterns
indicative of recognition, lying or truthful re-
sponses; and
prior to step C) presenting a stimulus;
wherein processing step E) comprises process-
ing the captured electrical signals by an inverse
solution approximation to produce a dataset of
unknown brain responses with each value cor-
responding to electrical activity at a specific
three-dimensional location in the person’s brain
(500);
and wherein the method further comprises com-
paring the dataset of unknown brain responses
to the dataset of recognition truthful and untruth-

ful responses (1210); and
providing an indication of the result of the step
of comparing the dataset (1212).

62. A method as claimed in claim 1 for use in detecting
brain activity in a subject for use in controlling an
entertainment device, the method further compris-
ing:

either displaying the three-dimensional local-
ized electrical activity or processing the electri-
cal signals captured from the amplifier/recorder
to perform autonomous pattern recognition and
using recognized patterns to manipulate a game
character or visually pleasing display.

63. A method as claimed in claim 1 for use in detecting
brain activity in a subject for use in controlling indus-
trial applications, the method further comprising:

processing the electrical signals captured from
the amplifier/recorder to autonomously recog-
nize certain patterns therein and using the rec-
ognized certain patterns to produce an effect on
surrounding environment using an effector.

64. A method as claimed in claim 1 for use in researching
brain activity, mental, psychological and physical
cortical processes and states, treatment targets, nor-
mal and abnormal brain activity, brain response to
stimuli, brain activity indicators of deterioration or im-
provement in condition, or brain activity indicators of
truthfulness and lies, wherein processing step E)
comprises
processing the captured electrical signals by an in-
verse solution approximation to produce quantitative
datasets of abnormal and normal conditions with
each value corresponding to electrical activity at a
specific three-dimensional location in the subject’s
brain (500);
and wherein the method further comprises analyzing
the datasets (816), and; graphically displaying the
datasets (712).

65. A method as claimed in claim 1 for use in educating
and training the brain to improve cognitive, mental,
or psychological state or function, the method further
comprising:

identifying an objective for correction and dis-
playing subject-induced changes using a final
presentation method.

66. The method of claim 34 wherein said training is per-
formed by said subject in near-real time using said
localized electrical activity based on raw data only
and which is displayed using the final presentation
method and then analyzed by said computer for in-
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dicators of subject-induced changes (712, 1308).

Patentansprüche

1. Verfahren zur dreidimensionalen Fast-Echtzeit-Lo-
kalisierung der elektrischen Aktivität in der Großhirn-
rinde, umfassend:

A) Anbringen von Elektroden mit mit diesen ver-
bundenen Verbindern an der Kopfhaut (100) ei-
nes Probanden,
B) Anschließen der Elektroden an einen Ver-
stärker/Recorder und Anschließen des Verstär-
kers/Recorders an einen Rechner (200),
C) Verwenden des Verstärkers/Recorders zum
Empfang durch die Kopfhaut (300) des Proban-
den übertragener elektrischer Signale,
D) kontinuierliches Erfassen der elektrischen Si-
gnale vom Verstärker/Recorder mit dem Rech-
ner (400), wobei die kontinuierliche Erfassung
der elektronischen Signale die Erfassung einer
Anzahl Frames pro Sekunde, die gleich der Ab-
tastfrequenz des Verstärkers/Recorders ist, und
Filtern der elektrischen Signale umfasst,

dadurch gekennzeichnet, dass das Verfahren fer-
ner umfasst:

E) Verarbeitung, unter Verwendung des Rech-
ners, der kontinuierlich erfassten elektrischen
Signale mit einer umgekehrten Lösungsnähe-
rung, die mathematische Berechnungen aus-
führt, um die elektrischen Signale in Informatio-
nen umzuwandeln, die auf einen Volumen und
Form der Großhirnrinde darstellenden dreidi-
mensionalen Lösungsraum begrenzte lokali-
sierte elektrische Aktivität darstellt, wobei die
Verarbeitung der kontinuierlich erfassten elek-
trischen Signale die Multiplikation jeder neuen
Frame der erfassten elektrischen Signale (E) mit
einer durch einen umgekehrten Lösungsnähe-
rungs-Algorithmus erstellten Umwandlungsma-
trix (T) umfasst, um einen Array von Voxeln zu
ergeben, die lokalisierte elektrische Aktivität (V)
enthalten, wobei die lokalisierte elektrische Ak-
tivität jedes Voxels als dreidimensionaler Vektor
mit x-, y- und z-Komponente dargestellt wird;
und
F) Präsentieren eines Stroms der Informationen
in Fast-Echtzeit, die die von der Großhirnrinde
(500) des Probanden stammende lokalisierte
elektrische Aktivität darstellt, mit einem
schließlichen Präsentationsverfahren.

2. Verfahren nach Anspruch 1, umfassend Anzeigen
von Bildern der lokalisierten elektrischen Aktivität in
drei Dimensionen auf einer graphischen Benutzero-

berfläche in Fast-Echtzeit.

3. Verfahren nach Anspruch 1, wobei die lokalisierte
elektrische Aktivität jedes Voxels als Farbschattie-
rung angezeigt wird, die die Größenordnung des
elektrischen Aktivitätsvektors darstellt, oder wobei
die lokalisierte elektrische Aktivität jedes Voxels als
Linie mit einer eindeutigen Richtung und Größen-
ordnung angezeigt wird, die Größenordnung und
Richtung des elektrischen Aktivitätsvektors darstel-
len.

4. Verfahren nach Anspruch 1, wobei das schließliche
Präsentationsverfahren aus einem oder einer Kom-
bination der folgenden Verfahren ausgewählt ist:

i) Einsatz einer einzelnen Anzeige mit einem
Fenster,
ii) Einsatz einer einzelnen Anzeige mit mehreren
Fenstern,
iii) Einsatz mehrerer Anzeigen mit einzelnen
Fenstern,
iv) Einsatz mehrerer Anzeigen mit mehreren
Fenstern und
v) Einsatz eines Lautsprechers zur Erzeugung
von Ton.

5. Verfahren nach Anspruch 1, wobei der Datenstrom
als Bilderstrom angezeigt wird.

6. Verfahren nach Anspruch 5, wobei der Bilderstrom
Voxel anzeigt, die in Form eines Lösungsraums ei-
nes Hirns angeordnet sind.

7. Verfahren nach Anspruch 6, wobei die Voxel mit
Werkzeugen zur Manipulation der graphischen An-
zeige und zur Analyse der Voxel (716, 718) gra-
phisch angezeigt werden.

8. Verfahren nach Anspruch 6, wobei die lokalisierte
elektrische Aktivität mit Werkzeugen zur Manipula-
tion der graphischen Anzeige und zur Analyse der
lokalisierten elektrischen Aktivität graphisch ange-
zeigt wird.

9. Verfahren nach Anspruch 6, wobei der Bilderstrom
mit Werkzeugen zur Modifizierung der graphisch an-
gezeigten Ergebnisse (716, 718, 720, 722, 724) gra-
phisch angezeigt wird.

10. Verfahren nach Anspruch 1, wobei der Datenstrom
als alphanumerischer Textstrom (736) angezeigt
wird.

11. Verfahren nach Anspruch 1, wobei der Datenstrom
gleichzeitig mit zusätzlichen Fast-Echtzeit-Daten
präsentiert wird, die aus einem oder einer Kombina-
tion der folgenden Informationen ausgewählt sind:

53 54 



EP 1 885 241 B1

29

5

10

15

20

25

30

35

40

45

50

55

i) elektroenzephalographische Signale aus dem
Probanden,
ii) Videobildsignale aus dem Probanden (756),
iii) physiologische Signale aus dem Probanden
(764) und
iv) Tonsignale aus dem Probanden (748).

12. Verfahren nach Anspruch 1, ferner umfassend die
Verwendung des Datenstroms zur Beurteilung der
Fähigkeit des Probanden, verschiedene nützliche
Aufgaben auszuführen.

13. Verfahren nach Anspruch 12, ferner umfassend Sti-
mulieren des Probanden (726).

14. Verfahren nach Anspruch 12, wobei:

i) es sich beim Probanden um einen Patienten
handelt und
ii) wobei das Verfahren ferner die Verwendung
des schließlichen Präsentationsverfahrens zur
Unterstützung der Überwachung eines über-
wachbaren Zustandes des Patienten (714) um-
fasst.

15. Verfahren nach Anspruch 14, wobei der überwach-
bare Zustand aus einem oder einer Kombination der
folgenden Zustände ausgewählt ist:

i) Geistes- und Verhaltensstörungen,
ii) Störungen des Nervensystems,
iii) sonstige Krankheiten und Störungen, die die
Großhirnrinde betreffen,
iv) Betäubung eines Patienten,
v) Koma,
vi) akutes Schädeltrauma und
vii) Ansprechen auf einen Reiz.

16. Verfahren nach Anspruch 14, ferner umfassend:

i) Analysieren der lokalisierten elektrischen Ak-
tivität, um eine bekannte Eigenschaft zu erken-
nen, die auf eine Änderung des überwachbaren
Zustandes (1012) des Patienten schließen
lässt, und
ii) Erzeugen eines Alarms bei einer Änderung
des überwachbaren Zustandes (1014) des Pa-
tienten.

17. Verfahren nach Anspruch 16, ferner umfassend
Übertragen des Alarms vom Standort des Patienten
und Empfangen des Alarms an einer dezentralen
Stelle auf diese Weise, um die Fernüberwachung
des Patienten durch den menschlichen Bediener an
der dezentralen Stelle zu ermöglichen.

18. Verfahren nach Anspruch 14, ferner umfassend:

i) Verwenden eines autonomen Vergleichs zwi-
schen Eigenschaften des Patienten und einer
statistischen Norm mithilfe eines statistischen
Tests (1006),
ii) Identifizieren einer Änderung des Zustandes
des Patienten durch den Nachweis eines statis-
tischen Unterschieds, der auf eine Änderung
des überwachbaren Zustandes des Patienten
schließen lässt, mit dem schließlichen Präsen-
tationsverfahren (1008) und
iii) Interpretieren des Ergebnisses und Erzeu-
gen eines Hinweises auf die Änderung des über-
wachbaren Zustandes (734) des Patienten.

19. Verfahren nach Anspruch 14, ferner umfassend:

i) Vergleichen der lokalisierten elektrischen Ak-
tivität mit einem Schwellenwert mittels eines
selbständigen nicht vergleichenden Überwa-
chungsverfahrens, wobei bei Überschreiten des
Schwellenwerts ein Alarm über eine Änderung
des überwachbaren Zustandes (1010) des Pa-
tienten erzeugt wird,
ii) Präsentieren des Alarms mit dem schließli-
chen Präsentationsverfahren (712) und
iii) Interpretieren des Alarms und Erzeugen ei-
nes Hinweises auf die Änderung des überwach-
baren Zustandes (734) des Patienten.

20. Verfahren nach Anspruch 12, ferner umfassend Ver-
wenden des schließlichen Präsentationsvefahrens
zur Unterstützung der Forschung über eine lokali-
sierte kortikale elektrische Aktivität sowie zur Entde-
ckung neuer Eigenschaften der lokalisierten kortika-
len elektrischen Aktivtät (712).

21. Verfahren nach Anspruch 20, ferner umfassend:

i) Analysieren der lokalisierten elektrischen Ak-
tivität aus dem Probanden zur Erkennung ma-
kroskopischer Erscheinungen (808) und
ii) Entwickeln einer verfeinerten Analyse (810).

22. Verfahren nach Anspruch 20, wobei, wenn der Pro-
band gesund ist, das Verfahren ferner die Verwen-
dung der lokalisierten elektrischen Aktivität zur Er-
zeugung eines normativen Datensatzes (802, 804,
812) umfasst.

23. Verfahren nach Anspruch 20, wobei, wenn der Pro-
band pathologisch ist, das Verfahren ferner die Ver-
wendung der lokalisierten elektrischen Aktivität zur
Erzeugung eines abnormen Datensatzes (802, 804,
814) umfasst.

24. Verfahren nach Anspruch 20, ferner umfassend
selbständiges Vergleichen der lokalisierten elektri-
schen Aktivität mit einem statistischen Test in Fast-
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Echtzeit mit einem aus der nachfolgenden Gruppe
gewählten Datensatz oder einer Kombination davon
(816):

i) ein abnormer Datensatz, der aus mindestens
einem Probanden besteht,
ii) ein normaler Datensatz, der aus mindestens
einem Probanden besteht,
iii) dem eigenen normalen Datensatz des Pro-
banden und
iv) dem eigenen abnormen Datensatz des Pro-
banden.

25. Verfahren nach Anspruch 24, wobei der statistische
Test aus der nachfolgenden Gruppe gewählt ist oder
einer Kombination davon:

i) t-Test,
ii) Poisson-Test,
iii) X2-Test,
iv) Varianzanalyse (ANOVA),
v) topographische Varianzanalyse (TANOVA),
vi) nicht-parametrische statistische Abbildung
und
vii) sonstige vorbestimmte geeignete statisti-
sche Tests.

26. Verfahren nach Anspruch 20, ferner umfassend Ver-
wenden der lokalisierten elektrischen Aktivität zur
Erzeugung eines korrelativen Datensatzes (802,
804, 806) umfasst.

27. Verfahren nach Anspruch 12, ferner umfassend Ver-
wenden des schließlichen Präsentationsverfahrens
zur Erkennung von Lügen des Probanden (712).

28. Verfahren nach Anspruch 27, ferner umfassend:

i) Analysieren der lokalisierten elektrischen Ak-
tivität aus dem Probanden zur Erkennung be-
kannter Eigenschaften des Lügens (1206) und
ii) Erzeugen eines Hinweises über das Vorlie-
gen einer Lüge des Probanden (1208).

29. Verfahren nach Anspruch 27, ferner umfassend Be-
fragen des Probanden über das Lügen vor der Er-
fassung der elektrischen Signale.

30. Verfahren nach Anspruch 27, ferner umfassend Lü-
gendetektion mithilfe eines oder einer Kombination
der folgenden Verfahren:

i) Korrelieren der lokalisierten elektrischen Akti-
vität mit einem physiologischen Zeichen des Lü-
gens,
ii) Korrelieren der lokalisierten elektrischen Ak-
tivität mit einem sichtbaren Zeichen des Lügens,
ii) Korrelieren der lokalisierten elektrischen Ak-

tivität mit einem akustischen Zeichen des Lü-
gens.

31. Verfahren nach Anspruch 27, ferner umfassend:

i) Verwenden eines autonomen Vergleichs des
Probanden mit einer statistischen Norm des Lü-
gens mithilfe eines statistischen Tests (1210),
ii) Erzeugen eines Ergebnisses im schließlichen
Präsentationsverfahren (712, 1212), das einen
statistischen Unterschied nachweist, der über
das Lügen Aufschluss gibt und
iii) Erzeugen eines Hinweises über das Vorlie-
gen einer Lüge des Probanden.

32. Verfahren nach Anspruch 27, ferner umfassend:

i) Vergleichen der lokalisierten elektrischen Ak-
tivität mit einem Schwellenwert mittels eines
selbständigen nicht vergleichenden Lügende-
tektionsverfahrens, wobei bei Überschreiten
des Schwellenwerts ein Alarm über das wahr-
scheinliche Vorliegen einer Lüge (1210) erzeugt
wird,
ii) Präsentieren des Alarms mit dem schließli-
chen Präsentationsverfahren (712) und
iii) Erzeugen eines Hinweises über das Vorlie-
gen einer Lüge des Probanden.

33. Verfahren nach Anspruch 12, ferner umfassend Ver-
wenden des schließlichen Präsentationsverfahrens
zum Trainieren und Ausbilden des Hirns des Pro-
banden (712).

34. Verfahren nach Anspruch 33, wobei das schließliche
Präsentationsverfahren aus einem oder einer Kom-
bination der folgenden Verfahren ausgewählt ist:

i) Trainieren einer gewünschten lokalisierten
elektrischen Aktivität und
ii) Trainieren zur Vermeidung einer uner-
wünschten lokalisierten elektrischen Aktivität.

35. Verfahren nach Anspruch 33, wobei das Training in
Fast-Echtzeit mithilfe der mit dem schließlichen Prä-
sentationsverfahren (1306) weiter verarbeiteten lo-
kalisierten elektrischen Aktivität erfolgt.

36. Verfahren nach Anspruch 12, wobei der Proband als
menschlicher Bediener fungiert und zu Unterhal-
tungszwecken das schließliche Präsentationsver-
fahren wählt (712).

37. Verfahren nach Anspruch 36, ferner umfassend
Analysieren der lokalisierten elektrischen Aktivität
nach bekannten unterhaltsamen Eigenschaften
(1404, 712).
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38. Verfahren nach Anspruch 36, ferner umfassend
Analysieren der lokalisierten elektrischen Aktivität
nach neuen, unbekannten Eigenschaften, die der
Proband unterhaltsam findet.

39. Verfahren nach Anspruch 1, ferner umfassend Auf-
zeichnen der Ergebnisse der Verarbeitung auf ei-
nem Datenträger.

40. Verfahren nach Anspruch 39, ferner umfassend
Wiedergabe der Aufzeichnung.

41. Verfahren nach Anspruch 1, wobei die Verarbeitung
der erfassten elektrischen Signale mit den mathe-
matischen Berechnungen ferner umfasst: Verglei-
chen der lokalisierten elektrischen Aktivität mit ei-
nem Schwellenwert mittels eines selbständigen
nicht vergleichenden Überwachungsverfahrens,
wobei bei Überschreiten des Schwellenwerts ein
Alarm über eine Änderung des überwachbaren Zu-
standes (1008, 1010) des Patienten erzeugt wird.

42. Verfahren nach Anspruch 1, wobei die erfassten
elektrischen Signale zu den nachfolgenden Zwe-
cken mit den mathematischen Berechnungen weiter
verarbeitet werden:

i) selbständige Erkennung der zum Manipulie-
ren einer Spielfigur oder visuell unterhaltsamen
Anzeige (712, 1406) verwendeten Muster und
ii) Verwendung des schließlichen Präsentati-
onsverfahrens zur Anzeige der Figur.

43. Verfahren nach Anspruch 1, wobei die erfassten
elektrischen Signale zu den nachfolgenden Zwe-
cken mit den mathematischen Berechnungen weiter
verarbeitet werden:

i) Isolierung eines Willenssignals aus der moto-
rischen Rinde des Probanden,
ii) Erfassung des Willenssignals und
iii) Verwendung des Willenssignals zur Aktivie-
rung eines Effektors, wodurch die Umgebung
zu einem gewerblichen Zweck (1404, 1406) ma-
nipuliert wird.

44. Verfahren nach Anspruch 43, ferner umfassend
Übertragen des Willenssignals an einen dezentralen
Effektor zur Herbeiführung einer gewerblichen Än-
derung der Umgehung an einem entfernten Ort
(1402).

45. Verfahren nach Anspruch 1, wobei die Verarbeitung
der erfassten elektrischen Signale ferner Isolieren
von Spektralbändern umfasst.

46. Verfahren nach Anspruch 1, wobei die Verarbeitung
der erfassten elektrischen Signale ferner Isolieren

der zeitlichen und räumlichen Bewegungsdynamik
von Vektoren, z.B. Richtungswechsel und Lokalisie-
rung elektrischer Flüsse, umfasst.

47. Verfahren nach Anspruch 1, wobei die Verarbeitung
der erfassten elektrischen Signale ferner Korrelieren
von Erzeugungsquellen elektrischer Aktivität in der
Großhirnrinde des Probanden in Fast-Echtzeit in
drei Dimensionen umfasst, um Orte und kortikale
elektrische Dynamik zu identifizieren.

48. Vorrichtung zur dreidimensionalen Fast-Echtzeit-
Lokalisierung der elektrischen Aktivität in der
Großhirnrinde, umfassend:

eine Mehrzahl Elektroden und mit diesen ver-
bundene Verbinder zum Empfangen elektri-
scher Signale von einer Großhirnrinde,
einen Verstärker/Recorder, der die elektrischen
Signale empfängt,
einen Rechner, der die elektrischen Signale
vom Verstärker/Recorder kontinuierlich erfasst,
um erfasste elektrische Signale zu erstellen, wo-
bei der Rechner eine Anzahl Frames pro Sekun-
de erfasst, die gleich der Abtastfrequenz des
Verstärkers/Recorders ist, und die elektrischen
Signale filtert,

dadurch gekennzeichnet, dass die Vorrichtung
ferner umfasst:

einen Rechner, der die erfassten elektrischen
Signale verarbeitet und diese mit einer umge-
kehrten Lösungsnäherung lokalisiert, die ma-
thematische Berechnungen durchführt, um die
elektrischen Signale in eine auf einen dreidi-
mensionalen Lösungsraum, der Volumen und
Form der Großhirnrinde darstellt, begrenzte lo-
kalisierte elektrische Aktivität umzuwandeln,
wobei der Rechner, der die kontinuierlich erfass-
ten elektrischen Signale verarbeitet, jeder neue
Frame der erfassten elektrischen Signale (E) mit
einer von einem umgekehrten Lösungsnähe-
rungs-Algorithmus erstellten Umwandlungsma-
trix (T) multipliziert, um einen Array von Voxeln
zu ergeben, die lokalisierte elektrische Aktivität
(V) enthalten, wobei die lokalisierte elektrische
Aktivität jedes Voxels als dreidimensionaler
Vektor mit x-, y- und z-Komponente dargestellt
wird; und
eine schließliche Präsentationsvorrichtung zur
Anzeige einer Darstellung der lokalisierten elek-
trischen Aktivität in Fast-Echtzeit.

49. Vorrichtung nach Anspruch 48, wobei die schließli-
che Präsentationsvorrichtung eine graphische Be-
nutzeroberfläche zur Anzeige von Bildern der loka-
lisierten elektrischen Aktivität in drei Dimensionen in
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Fast-Echtzeit umfasst.

50. Verfahren nach Anspruch 48, wobei die lokalisierte
elektrische Aktivität jedes Voxels als Farbschattie-
rung angezeigt wird, die die Größenordnung des
elektrischen Aktivitätsvektors darstellt, oder wobei
die lokalisierte elektrische Aktivität jedes Voxels als
Linie mit einer eindeutigen Richtung und Größen-
ordnung angezeigt wird, die Größenordnung und
Richtung des elektrischen Aktivitätsvektors darstel-
len.

51. Vorrichtung nach Anspruch 48, wobei die schließli-
che Präsentationsvorrichtung aus einer oder einer
Kombination der folgenden Vorrichtungen ausge-
wählt ist:

i) ein einzelner Computerbildschirm;
ii) eine Mehrzahl Computerbildschirme und
iii) ein Projektor und
iv) ein Lautsprecher.

52. Vorrichtung nach Anspruch 48, ferner umfassend
mindestens eine Hilfsvorrichtung zur Aufzeichnung
und Anzeige eines Hilfssignals in Fast-Echtzeit so-
wie zur späteren Wiedergabe eines Hilfssignals, wo-
bei das Hilfssignal aus einem oder einer Kombinati-
on der folgenden Signale ausgewählt ist:

i) Videosignal,
ii) Audiosignal,
iii) Physiologisches Signal und
iv) Elektroenzephalographisches Signal.

53. Vorrichtung nach Anspruch 48, ferner umfassend ei-
nen Sender, der Signale an einen oder eine Kombi-
nation aus der nachfolgenden Gruppe gewählten
entfernten Orte sendet:

i) die lokalisierte elektrische Aktivität und/oder
ii) das Hilfssignal.

54. Vorrichtung nach Anspruch 48, ferner umfassend ei-
nen Stimulator zum Stimulieren eines Probanden
vor der Erfassung der elektrischen Signale.

55. Vorrichtung nach Anspruch 48, ferner umfassend
ein oder eine Kombination der aus der nachfolgen-
den Gruppe gewählten Behandlungsgeräte:

i) einen transkraniellen magnetischen Stimula-
tor,
ii) ein implantierbares Gerät,
iii) eine Prothese,
iv) ein Bewegungsgerät und
v) einen Monitor für therapeutisches Biofeed-
back.

56. Vorrichtung nach Anspruch 48, wobei der Rechner
selbständige Vergleiche mithilfe der lokalisierten
elektrischen Aktivität durchführt.

57. Vorrichtung nach Anspruch 48, wobei der Rechner
selbständige nicht vergleichende Verfahren mithilfe
der lokalisierten elektrischen Aktivität durchführt.

58. Vorrichtung nach Anspruch 48, ferner umfassend ei-
nen oder eine Kombination der aus der nachfolgen-
den Gruppe gewählten Effektoren:

i) ein chemischer Effektor zur Herbeiführung ei-
ner chemischen Änderung,
ii) ein physischer Effektor zur Herbeiführung ei-
ner physischen Änderung,
iii) ein mechanischer Effektor zur Herbeiführung
einer mechanischen Handlung.

59. Vorrichtung nach Anspruch 48, umfassend einen
Merkmalextraktor zur Isolierung elektromagneti-
scher Signale in der Großhirnrinde.

60. Verfahren nach Anspruch 1 zur Verwendung bei der
Überwachung psychologischer, Geistes- und Ver-
haltensstörungen, Krankheiten, Schäden oder Syn-
drome oder Zustände eines Probanden, die mit der
Hirnaktivität des Probanden zusammenhängen, wo-
bei der Verarbeitungsschritt E) Verarbeiten der er-
fassten elektrischen Signale mit einer umgekehrten
Lösungsnäherung zur Erzeugung eines Datensat-
zes umfasst, wobei jeder Wert der elektrischen Ak-
tivität an einer konkreten dreidimensionalen Stelle
im Hirn des Probanden (500) entspricht;
und wobei das Verfahren ferner Ermitteln bekannter
Eigenschaften und Erzeugen eines Alarms aus dem
Datensatz ermittelt; oder
Vergleichen der Werte im Datensatz entweder mit
dem normalen Datensatz des Patienten oder einem
normativen Datensatz, der eine statistische Norm für
gesunde Personen darstellt, oder einem abnormen
Datensatz für Personen, die an einer Störung oder
Krankheit leiden (1006) und
Bereitstellen eines Hinweises über das Ergebnis des
Schritts des Vergleichens der Werte im Datensatz
(1008).

61. Verfahren nach Anspruch 1 zur Verwendung bei der
Erkennung, ob eine Person die Wahrheit sagt oder
lügt, ferner umfassend:

Vor dem Schritt A): Erzeugen eines Datensat-
zes aus wahren und unwahren Antworten, wo-
bei jeder Wert im Datensatz der elektrischen Ak-
tivität an einer konkreten dreidimensionalen
Stelle in einem typischen menschlichen Hirn
entspricht, wobei der Datensatz entweder eine
statistische Norm oder die eigenen Signatur-
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muster des Probanden darstellt, die auf Erken-
nung, Lügen oder wahre Antworten hinweisen
und
vor dem Schritt C): Präsentieren eines Reizes;
wobei der Verarbeitungsschritt E) Verarbeiten
der erfassten elektrischen Signale mit einer um-
gekehrten Lösungsnäherung zur Erzeugung ei-
nes Datensatzes unbekannter Hirnreaktionen
umfasst, wobei jeder Wert der elektrischen Ak-
tivität an einer konkreten dreidimensionalen
Stelle im Hirn des Menschen (500) entspricht;
und wobei das Verfahren ferner Vergleichen des
Datensatzes unbekannter Hirnreaktionen mit
dem Datensatz von Erkennungsreaktionen,
wahren und unwahren Antworten (1210) sowie
Erteilen eines Hinweises über das Ergebnis des
Datensatzvergleichs (1212) umfasst.

62. Verfahren nach Anspruch 1 zur Verwendung bei der
Erkennung der Hirnaktivität bei einem Probanden
zur Steuerung eines Unterhaltungsgeräts, ferner
umfassend:

entweder Anzeigen der dreidimensionalen loka-
lisierten elektrischen Aktivität oder Verarbeitung
der aus dem Verstärker/Recorder erfassten
elektrischen Signale zur Ausführung einer selb-
ständigen Mustererkennung und Verwenden
der erkannten Muster zum Manipulieren einer
Spielfigur oder einer visuell angenehmen Anzei-
ge.

63. Verfahren nach Anspruch 1 zur Verwendung bei der
Erkennung der Hirnaktivität bei einem Probanden
zur Steuerung gewerblicher Anwendungen, ferner
umfassend:

Verarbeitung der aus dem Verstärker/Recorder
erfassten elektrischen Signale zur selbständi-
gen Erkennung bestimmter Muster und Verwen-
den der bestimmten erkannten Muster zur Ein-
wirkung auf die Umgehung mittels eines Effek-
tors.

64. Verfahren nach Anspruch 1 zur Verwendung bei der
Erforschung der Hirnaktivität, mentaler, psychologi-
scher und physischer kortikaler Prozesse und Zu-
stände, Behandlungsziele, der normalen und abnor-
men Hirnaktivität, Ansprechen des Hirns auf Reize,
Hirnaktivitätsindikatoren der Verschlechterung oder
Verbesserung des Zustandes oder Hirnaktivitätsin-
dikatoren der Wahrheit und Lügen, wobei der Ver-
arbeitungsschritt E) umfasst:

Verarbeiten der erfassten elektrischen Signale
mit einer umgekehrten Lösungsnäherung zur
Erzeugung quantitativer Datensätze aus abnor-
men und normalen Zuständen, wobei jeder Wert

der elektrischen Aktivität an einer konkreten
dreidimensionalen Stelle im Hirn des Proban-
den (500) entspricht;
und wobei das Verfahren ferner Analysieren der
Datensätze (816) und
graphisches Anzeigen der Datensätze (712)
umfasst.

65. Verfahren nach Anspruch 1 zur Verwendung bei
Ausbildung und Training des Hirns zur Verbesse-
rung kognitiver, mentaler oder psychologischer Zu-
stände oder Funktionen, ferner umfassend:

Identifizieren eines Korrekturziels und Anzeigen
vom Probanden herbeigeführter Änderungen
mit einem schließlichen Präsentationsverfah-
ren.

66. Verfahren nach Anspruch 34, wobei das Training
vom Probanden in Fast-Echtzeit mithilfe der lokali-
sierten elektrischen Aktivität nur anhand von Roh-
daten, die mit dem schließlichen Präsentationsver-
fahren angezeigt und vom Rechner auf Indikatoren
vom Probanden herbeigeführter Änderungen (712,
1308) analysiert werden, ausgeführt wird.

Revendications

1. Procédé de localisation tridimensionnelle en temps
quasi réel de l’activité électrique du cortex cérébral,
comprenant :

A) l’application d’électrodes auxquelles sont as-
sociés des connecteurs sur le cuir chevelu d’un
sujet (100),
B) le raccordement des électrodes à un ampli-
ficateur/enregistreur et le raccordement de l’am-
plificateur/enregistreur à un ordinateur (200),
C) l’utilisation dudit amplificateur/enregistreur
pour recevoir des signaux électriques émis à tra-
vers le cuir chevelu dudit sujet (300),
D) la capture en continu des signaux électriques
dudit amplificateur/enregistreur avec ledit ordi-
nateur (400), la capture en continu des signaux
électriques comprenant l’acquisition d’un nom-
bre de trames par seconde égal à la fréquence
d’échantillonnage de l’amplificateur/enregis-
treur et le filtrage des signaux électriques,

caractérisé en ce que le procédé comprend en
outre :

E) le traitement, à l’aide dudit ordinateur, desdits
signaux électriques capturés en continu avec
une approximation de solution inverse qui effec-
tue des calculs mathématiques pour transfor-
mer lesdits signaux électriques en information
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représentative de l’activité électrique localisée
cantonnée à un espace de solution tridimen-
sionnel, représentant le volume et la forme du
cortex cérébral, dans lequel le traitement des-
dits signaux électriques capturés en continu
comprend la multiplication de chaque nouvelle
trame de signaux électriques capturés (E) par
une matrice de transformation (T) qui est géné-
rée par un algorithme d’approximation de solu-
tion inverse pour donner une série de voxels
contenant l’activité électrique localisée (V), l’ac-
tivité électrique localisée de chaque voxel étant
représentée sous la forme d’un vecteur tridi-
mensionnel avec une composante x, y et z ; et
F) la présentation en temps quasi réel d’un flux
de ladite information représentant l’activité élec-
trique localisée provenant du cortex cérébral du-
dit sujet (500) à l’aide d’un procédé de présen-
tation finale.

2. Procédé selon la revendication 1, comprenant l’affi-
chage sur une interface utilisateur graphique, en
temps quasi réel, des images de l’activité électrique
localisée en trois dimensions.

3. Procédé selon la revendication 1, dans lequel l’acti-
vité électrique localisée de chaque voxel est affichée
en tant que nuance de couleur représentant l’ampli-
tude du vecteur d’activité électrique, ou dans lequel
l’activité électrique localisée de chaque voxel est af-
fichée en tant que ligne ayant une direction et une
amplitude distinctes qui représentent la direction et
l’amplitude du vecteur d’activité électrique.

4. Procédé selon la revendication 1 dans lequel ledit
procédé de présentation finale est choisi parmi l’un
quelconque ou une combinaison des procédés
suivants :

i) l’utilisation d’un affichage à un seul écran à
une fenêtre,
ii) l’utilisation d’un affichage à un seul écran à
plusieurs fenêtres,
iii) l’utilisation d’un affichage à plusieurs écrans
à une fenêtre,
iv) l’utilisation d’un affichage à plusieurs écrans
à plusieurs fenêtres, et
v) l’utilisation d’un haut-parleur pour produire un
son.

5. Procédé selon la revendication 1 dans lequel ledit
flux d’information est affiché en tant que flux d’ima-
ges.

6. Procédé selon la revendication 5 dans lequel le flux
d’images affiche des voxels agencés sous la forme
d’un espace de solution pour un cerveau.

7. Procédé selon la revendication 6 dans lequel lesdits
voxels sont affichées de manière graphique à l’aide
d’outils permettant de manipuler l’affichage graphi-
que et l’analyse des voxels (716, 718).

8. Procédé selon la revendication 6 dans lequel ladite
activité électrique localisée est affichée de manière
graphique à l’aide d’outils permettant d’analyser et
d’afficher de manière graphique l’activité électrique
localisée.

9. Procédé selon la revendication 6 dans lequel ledit
flux d’images est affiché de manière graphique à
l’aide d’outils permettant de modifier les résultats af-
fichés de manière graphique (716, 718, 720, 722,
724).

10. Procédé selon la revendication 1 dans lequel ledit
flux d’information est affiché en tant que flux de texte
alphanumérique (736).

11. Procédé selon la revendication 1 dans lequel ledit
flux d’information est présenté simultanément avec
d’autres informations en temps quasi réel choisies
parmi l’une quelconque ou une combinaison des in-
formations suivantes :

i) signaux électroencéphalographiques éma-
nant dudit sujet,
ii) signaux d’image vidéo émanant dudit sujet
(756),
iii) signaux physiologiques émanant dudit sujet
(764), et
iv) signaux audio émanant dudit sujet (748).

12. Procédé selon la revendication 1 comprenant en
outre l’utilisation du flux d’information pour évaluer
l’aptitude du sujet à exécuter un large éventail de
tâches utiles.

13. Procédé selon la revendication 12 comprenant en
outre la stimulation du sujet (726).

14. Procédé selon la revendication 12 dans lequel :

i) ledit sujet est un patient, et
ii) dans lequel ledit procédé comprend en outre
l’utilisation dudit procédé de présentation finale
pour faciliter la surveillance d’un état pouvant
être surveillé du patient (714).

15. Procédé selon la revendication 14 dans lequel ledit
état pouvant être surveillé appartient à l’un quelcon-
que ou à une combinaison des états de la liste
suivante :

i) troubles mentaux et comportementaux,
ii) maladies du système nerveux,
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iii) autres maladies et troubles concernant le cor-
tex cérébral,
iv) anesthésie d’un patient,
v) comas,
vi) traumatismes crâniens aigus, et
vii) réactions à un stimulus.

16. Procédé selon la revendication 14 comprenant en
outre :

i) l’analyse de ladite activité électrique localisée
pour détecter une caractéristique connue indi-
cative d’un changement de l’état pouvant être
surveillé dudit patient (1012), et
ii) la production d’une alerte en cas de change-
ment de l’état pouvant être surveillé dudit patient
(1014).

17. Procédé selon la revendication 16 comprenant en
outre l’émission de ladite alerte depuis le lieu où se
trouve le patient, et la réception de ladite alerte dans
un lieu distant afin de permettre audit opérateur hu-
main se trouvant en un lieu distant de surveiller ledit
patient.

18. Procédé selon la revendication 14 comprenant en
outre :

i) l’utilisation d’une comparaison autonome en-
tre les caractéristiques dudit patient et une nor-
me statistique par un test statistique (1006),
ii) l’identification d’un changement de l’état dudit
patient par mise en évidence d’une différence
statistique indicative d’un changement de l’état
pouvant être surveillé dudit patient à l’aide dudit
procédé de présentation finale (1008), et
iii) l’interprétation dudit résultat et la production
d’une indication du changement de l’état pou-
vant être surveillé dudit patient (734).

19. Procédé selon la revendication 14 comprenant en
outre :

i) la comparaison de l’activité électrique locali-
sée avec un seuil au moyen d’une procédure de
surveillance autonome non comparative et, en
cas de dépassement du seuil, la production
d’une alerte indiquant un changement de l’état
pouvant être surveillé du patient (1010),
ii) la présentation de ladite alerte à l’aide dudit
procédé de présentation finale (712), et
iii) l’interprétation de ladite alerte et la production
d’une indication du changement de l’état pou-
vant être surveillé dudit patient (734).

20. Procédé selon la revendication 12 comprenant en
outre l’utilisation dudit procédé de présentation finale
pour faciliter l’étude d’une activité électrique cortica-

le localisée et pour découvrir de nouvelles caracté-
ristiques de ladite activité électrique corticale locali-
sée (712).

21. Procédé selon la revendication 20 comprenant en
outre :

i) l’analyse de ladite activité électrique localisée
émanant dudit sujet pour détecter des phéno-
mènes bruts (808), et
ii) le développement d’une analyse approfondie
(810).

22. Procédé selon la revendication 20 dans lequel ledit
sujet est en bonne santé, ledit procédé comprenant
en outre l’utilisation de ladite activité électrique loca-
lisée pour produire un ensemble de données norma-
tives (802, 804, 812).

23. Procédé selon la revendication 20 dans lequel lors-
que ledit sujet est atteint d’une pathologie, ledit pro-
cédé comprenant en outre l’utilisation de ladite acti-
vité électrique localisée pour produire un ensemble
de données anormales (802, 804, 814).

24. Procédé selon la revendication 20 comprenant en
outre la comparaison autonome de ladite activité
électrique localisée avec un test statistique en temps
quasi réel à l’un quelconque ou une combinaison
des éléments suivants (816) :

i) un ensemble de données anormales constitué
d’un ou plusieurs sujets,
ii) un ensemble de données normales constitué
d’un ou plusieurs sujets,
iii) le propre ensemble de données normales du-
dit sujet, et
iv) le propre ensemble de données anormales
dudit sujet.

25. Procédé selon la revendication 24 dans lequel ledit
test statistique est choisi parmi l’un quelconque ou
une combinaison des tests suivants :

i) le test t,
ii) le test de Poisson,
iii) le test X2,
iv) l’analyse de variance (ANOVA),
v) l’analyse de variance topographique (TANO-
VA),
vi) la cartographie statistique non paramétrique,
et
vii) d’autres tests statistiques appropriés prédé-
terminés.

26. Procédé selon la revendication 20 comprenant en
outre l’utilisation de ladite activité électrique locali-
sée pour produire un ensemble de données de cor-
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rélation (802, 804, 806).

27. Procédé selon la revendication 12 comprenant en
outre l’utilisation dudit procédé de présentation finale
pour détecter un mensonge dudit sujet (712).

28. Procédé selon la revendication 27 comprenant en
outre :

i) l’analyse de ladite activité électrique localisée
émanant dudit sujet pour détecter des caracté-
ristiques connues du mensonge (1206), et
ii) la production d’une indication de l’occurrence
d’un mensonge de la part dudit sujet (1208).

29. Procédé selon la revendication 27 comprenant en
outre l’interrogation dudit sujet à propos du menson-
ge avant la capture desdits signaux électriques.

30. Procédé selon la revendication 27 comprenant en
outre la détection d’un mensonge par emploi d’un
procédé choisi parmi l’un quelconque ou une com-
binaison des procédés suivants :

i) la mise en corrélation de ladite activité électri-
que localisée avec un marqueur physiologique
du mensonge,
ii) la mise en corrélation de ladite activité élec-
trique localisée avec un marqueur vidéo du men-
songe, et
iii) la mise en corrélation de ladite activité élec-
trique localisée avec un marqueur audio du
mensonge.

31. Procédé selon la revendication 27 comprenant en
outre :

i) l’utilisation d’une comparaison autonome dudit
sujet à une norme statistique du mensonge par
un test statistique (1210),
ii) la production d’un résultat montrant une dif-
férence statistique indicative d’un mensonge sur
ledit procédé de présentation finale (712, 1212),
et
iii) la production d’une indication de l’occurrence
d’un mensonge de la part dudit sujet.

32. Procédé selon la revendication 27 comprenant en
outre :

i) la comparaison de l’activité électrique locali-
sée avec un seuil au moyen d’une procédure de
détection de mensonge autonome et non com-
parative et, en cas de dépassement du seuil, la
production d’une alerte indiquant l’occurrence
probable d’un mensonge (1210),
ii) la présentation de ladite alerte à l’aide dudit
procédé de présentation finale (712), et

iii) la production d’une indication de l’occurrence
d’un mensonge de la part dudit sujet.

33. Procédé selon la revendication 12 comprenant en
outre l’utilisation dudit procédé de présentation finale
pour faciliter l’éducation et l’entraînement du propre
cerveau dudit sujet (712).

34. Procédé selon la revendication 33 dans lequel ledit
procédé de présentation finale est choisi parmi l’un
quelconque ou une combinaison des procédés sui-
vants pour :

i) l’entraînement d’une activité électrique locali-
sée souhaitable pour qu’elle se produise, et
ii) l’entraînement d’une activité électrique non
souhaitable de sorte qu’elle ne se produise pas.

35. Procédé selon la revendication 33 dans lequel ledit
entraînement s’effectue en temps quasi réel à l’aide
de ladite activité électrique localisée qui a été sou-
mise à un traitement supplémentaire au moyen dudit
procédé de présentation finale (1306).

36. Procédé selon la revendication 12 dans lequel ledit
sujet sert d’opérateur humain et choisit ledit procédé
de présentation finale à des fins de divertissement
(712).

37. Procédé selon la revendication 36 comprenant en
outre l’analyse de ladite activité électrique localisée
pour rechercher des caractéristiques divertissantes
connues (1404, 712).

38. Procédé selon la revendication 36 comprenant en
outre l’analyse de ladite activité électrique localisée
pour rechercher des caractéristiques nouvelles et in-
connues que ledit sujet trouve divertissantes.

39. Procédé selon la revendication 1 comprenant en
outre l’enregistrement des résultats dudit traitement
sur un support d’enregistrement.

40. Procédé selon la revendication 39 comprenant en
outre la lecture dudit enregistrement.

41. Procédé selon la revendication 1 dans lequel le trai-
tement desdits signaux électriques capturés à l’aide
desdits calculs mathématiques comprend en outre
la comparaison de l’activité électrique localisée avec
un seuil au moyen d’une procédure de surveillance
autonome non comparative et, en cas de dépasse-
ment du seuil, la production d’une alerte indiquant
l’occurrence d’un changement de l’état pouvant être
surveillé dudit patient (1008, 1010).

42. Procédé selon la revendication 1 dans lequel lesdits
signaux électriques capturés sont soumis à un trai-
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tement supplémentaire à l’aide desdits calculs ma-
thématiques dans le but de :

i) reconnaître de manière autonome des sché-
mas utilisés pour manipuler un personnage de
jeu ou un affichage visuellement divertissant
(712, 1406), et
ii) utiliser ledit procédé de présentation finale
pour afficher ledit personnage.

43. Procédé selon la revendication 1 dans lequel lesdits
signaux électriques capturés sont soumis à un trai-
tement supplémentaire à l’aide desdits calculs ma-
thématiques dans le but de :

i) isoler un signal volontaire émanant du cortex
moteur dudit sujet,
ii) capturer ledit signal volontaire, et
iii) utiliser ledit signal volontaire pour activer un
effecteur afin de manipuler l’environnement
pour réaliser un objectif industriel (1404, 1406).

44. Procédé selon la revendication 43 comprenant en
outre la transmission dudit signal volontaire à un ef-
fecteur distant afin de produire un changement in-
dustriel de l’environnement dans un lieu distant
(1402).

45. Procédé selon la revendication 1, dans lequel ledit
traitement desdits signaux électriques capturés
comprend en outre l’isolation de bandes spectrales.

46. Procédé selon la revendication 1, dans lequel ledit
traitement desdits signaux électriques capturés
comprend en outre l’isolation d’une dynamique de
mouvement temporel et spatial de vecteurs, par
exemple des changements de direction et d’empla-
cement de flux électriques.

47. Procédé selon la revendication 1, dans lequel ledit
traitement desdits signaux électriques capturés
comprend en outre la mise en corrélation des sour-
ces de production d’activité électrique dans le cortex
cérébral dudit sujet en temps quasi réel et en trois
dimensions pour identifier des emplacements et une
dynamique électrique corticale.

48. Appareil de localisation tridimensionnelle en temps
quasi réel de l’activité électrique du cortex cérébral,
comprenant :

une pluralité d’électrodes et de connecteurs as-
sociés permettant de recevoir des signaux élec-
triques émanant d’un cortex cérébral,
un amplificateur/enregistreur qui reçoit lesdits
signaux électriques,
un ordinateur qui capture en continu lesdits si-
gnaux électriques dudit amplificateur/enregis-

treur pour produire des signaux électriques cap-
turés, l’ordinateur acquérant un nombre de tra-
mes par seconde égal à la fréquence d’échan-
tillonnage de l’amplificateur/enregistreur et fil-
trant les signaux électriques,

caractérisé en ce que l’appareil comprend en
outre :

un ordinateur qui traite lesdits signaux électri-
ques capturés et les localise à l’aide d’une ap-
proximation de solution inverse qui effectue des
calculs mathématiques pour transformer lesdits
signaux électriques en une activité électrique lo-
calisée cantonnée à un espace de solution tri-
dimensionnel, représentant le volume et la for-
me du cortex cérébral,
dans lequel ledit ordinateur qui traite lesdits si-
gnaux électriques capturés en continu effectue
une multiplication de chaque nouvelle trame de
signaux électriques capturés (E) par une matri-
ce de transformation (T) qui est générée par un
algorithme d’approximation de solution inverse
pour donner une série de voxels contenant l’ac-
tivité électrique localisée (V), l’activité électrique
localisée de chaque voxel étant représentée
sous la forme d’un vecteur tridimensionnel avec
une composante x, y et z ; et
un appareil de présentation finale permettant
d’afficher en temps quasi réel une représenta-
tion de ladite activité électrique localisée.

49. Appareil selon la revendication 48, dans lequel l’ap-
pareil de présentation finale comprend une interface
utilisateur graphique permettant d’afficher en temps
quasi réel des images de l’activité électrique locali-
sée en trois dimensions.

50. Appareil selon la revendication 48, dans lequel l’ac-
tivité électrique localisée de chaque voxel est affi-
chée en tant que nuance de couleur représentant
l’amplitude du vecteur d’activité électrique, ou dans
lequel l’activité électrique localisée de chaque voxel
est affichée en tant que ligne ayant une direction et
une amplitude distinctes qui représentent la direction
et l’amplitude du vecteur d’activité électrique.

51. Appareil selon la revendication 48 dans lequel ledit
appareil de présentation finale est l’un quelconque
ou une combinaison des appareils suivants :

i) un seul écran d’ordinateur
ii) une pluralité d’écrans d’ordinateur, et
iii) un projecteur, et
iv) un haut-parleur.

52. Appareil selon la revendication 48 comprenant au
moins un appareil auxiliaire pour l’enregistrement en
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temps quasi réel et l’affichage en temps quasi réel
et la lecture ultérieure d’un signal auxiliaire, dans
lequel ledit signal auxiliaire est l’un ou une combi-
naison des signaux suivants :

i) un signal vidéo
ii) un signal audio,
iii) un signal physiologique, et
iv) un signal électroencéphalographique.

53. Appareil selon la revendication 48 comprenant en
outre un émetteur qui transmet des signaux à un site
distant choisi parmi l’un quelconque ou une combi-
naison des éléments suivants :

i) ladite activité électrique localisée, et
ii) ledit signal auxiliaire.

54. Appareil selon la revendication 48 comprenant en
outre un stimulateur permettant de stimuler un sujet
avant de capturer lesdits signaux électriques.

55. Appareil selon la revendication 48 comprenant en
outre un dispositif de traitement choisi parmi l’un
quelconque ou une combinaison des dispositifs
suivants :

i) un stimulateur magnétique transcrânien,
ii) un dispositif implantable,
iii) un dispositif prothétique,
iv) un dispositif d’entraînement, et
v) un moniteur pour la rétroaction biologique thé-
rapeutique.

56. Appareil selon la revendication 48 dans lequel ledit
ordinateur effectue des comparaisons autonomes à
l’aide de l’activité électrique localisée.

57. Appareil selon la revendication 48 dans lequel ledit
ordinateur effectue des procédures autonomes non
comparatives à l’aide de l’activité électrique locali-
sée.

58. Appareil selon la revendication 48 comprenant en
outre un effecteur choisi parmi l’un quelconque ou
une combinaison des effecteurs suivants :

i) un effecteur chimique pour effectuer une mo-
dification chimique,
ii) un effecteur physique pour effectuer une mo-
dification physique, et
iii) un effecteur mécanique pour effectuer un ac-
te mécanique.

59. Appareil selon la revendication 48 comprenant un
extracteur d’attributs permettant d’isoler des signaux
électromagnétiques dans le cortex cérébral.

60. Procédé selon la revendication 1 destiné à la sur-
veillance de troubles, maladies, lésions ou syndro-
mes ou d’un état d’ordre mental, psychologique ou
comportemental chez un sujet, ledit état étant asso-
cié à l’activité cérébrale du sujet, dans lequel l’étape
de traitement E) comprend le traitement des signaux
électriques capturés par une approximation de so-
lution inverse pour produire un ensemble de don-
nées dont chaque valeur correspond à l’activité élec-
trique d’un emplacement tridimensionnel spécifique
du cerveau du sujet (500) ;
et dans lequel le procédé comprend en outre la dé-
termination, à partir de l’ensemble de données, de
caractéristiques connues et la production d’une
alerte ; ou
la comparaison des valeurs de l’ensemble de don-
nées soit avec le propre ensemble de données nor-
males du patient, soit avec un ensemble de données
normatives qui constituent une norme statistique
pour des individus en bonne santé ou avec un en-
semble de données anormales pour des personnes
atteintes d’un trouble ou d’une maladie (1006) ; et
la fourniture d’une indication du résultat de l’étape
de comparaison des valeurs de l’ensemble de don-
nées (1008).

61. Procédé selon la revendication 1 permettant de dé-
tecter qu’une personne est en train de dire la vérité
ou de mentir, le procédé comprenant en outre :

avant l’étape A) la création d’un ensemble de
données de réponses sincères ou mensongères
où chaque valeur de l’ensemble de données cor-
respond à l’activité électrique d’un emplacement
tridimensionnel spécifique d’un cerveau humain
type et où l’ensemble de données est soit une
norme statistique, soit les propres schémas de
signature de la personne indicatifs de réponses
de reconnaissance mensongères ou sincères ;
et
avant l’étape C) la présentation d’un stimulus ;
dans lequel l’étape de traitement E) comprend
le traitement des signaux électriques capturés
par une approximation de solution inverse pour
produire un ensemble de données de réponses
cérébrales inconnues dont chaque valeur cor-
respond à l’activité électrique d’un emplacement
tridimensionnel spécifique du cerveau de la per-
sonne (500) ;
et dans lequel le procédé comprend en outre la
comparaison de l’ensemble de données de ré-
ponses cérébrales inconnues à l’ensemble de
données de réponses de reconnaissance sin-
cères et mensongères (1210) ; et la fourniture
d’une indication du résultat de l’étape de com-
paraison de l’ensemble de données (1212).

62. Procédé selon la revendication 1 destiné à la détec-
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tion de l’activité cérébrale d’un sujet pour permettre
la surveillance d’un dispositif de divertissement, le
procédé comprenant en outre :

soit l’affichage de l’activité électrique localisée
tridimensionnelle, soit le traitement des signaux
électriques capturés de l’amplificateur/enregis-
treur pour effectuer une reconnaissance auto-
nome de schémas et l’utilisation des schémas
reconnus pour manipuler un personnage de jeu
ou un affichage visuellement agréable.

63. Procédé selon la revendication 1 destiné à la détec-
tion de l’activité cérébrale d’un sujet pour permettre
la commande d’applications industrielles, le procédé
comprenant en outre :

le traitement des signaux électriques capturés
de l’amplificateur/enregistreur pour y reconnaî-
tre de manière autonome certains schémas et
l’utilisation desdits certains schémas reconnus
pour produire un effet sur le milieu ambiant à
l’aide d’un effecteur.

64. Procédé selon la revendication 1 destiné à l’étude
de l’activité cérébrale, des processus et états corti-
caux d’ordre mental, psychologique et physique, des
cibles de traitement, de l’activité cérébrale normale
et anormale, de la réponse cérébrale aux stimuli,
des indicateurs d’activité cérébrale d’une dégrada-
tion ou d’une amélioration de l’état, ou des indica-
teurs d’activité cérébrale de sincérité ou de menson-
ges, dans lequel l’étape de traitement E) comprend
le traitement des signaux électriques capturés par
une approximation de solution inverse pour produire
des ensembles de données quantitatives d’états
normaux et anormaux dont chaque valeur corres-
pond à l’activité électrique d’un emplacement tridi-
mensionnel spécifique du cerveau du sujet (500) ;
et dans lequel le procédé comprend en outre l’ana-
lyse des ensembles de données (816), et
l’affichage sous forme graphique des ensembles de
données (712).

65. Procédé selon la revendication 1 destiné à éduquer
et entraîner le cerveau pour améliorer un état ou une
fonction d’ordre cognitif, mental ou psychologique,
le procédé comprenant en outre :

l’identification d’un objectif de correction et l’af-
fichage de changements induits par le sujet à
l’aide d’un procédé de présentation finale.

66. Procédé selon la revendication 34 dans lequel ledit
entraînement est effectué par ledit sujet en temps
quasi réel à l’aide de ladite activité électrique locali-
sée reposant uniquement sur des données brutes
et qui est affichée à l’aide du procédé de présentation

finale puis analysée par ledit ordinateur pour recher-
cher des indicateurs de changements induits par le
sujet (712, 1308).
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同方法可以应用于预先存在的数据，并且这样做时不需要EEG硬件。 拥
有实用的近实时3D成像系统为医生，研究人员，个人和私人诊所带来了
更加容易获得的技术，以更好地诊断，监控，治疗和了解大脑的许多状
况和异常。
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