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Chapter 1 — Introduction

The work is based on an original experiment of analysis of neuro-cortical signals, using the
analysis of EEG electroencephalographic signals and the visual evoked potential of PEV, to
support the diagnosis in neurological and neuropsychiatric pathologies. The relationships
between the parameters of neuronal activity and the processing of visual information are
investigated, by comparing normal and pathological data.

1.1 Presentation of the doctoral thesis

Experimental data (EEG and PEV: amplitudes, frequencies, latencies, power spectra, etc.) are
obtained in the laboratory and processed with specialized instruments. The results are presented
through graphs, EEG maps and PEV representations, being analyzed to highlight the
correlations between normal and pathological brain activity. The main objective is to identify
new relationships and types of brain electrical activity relevant to diagnosis and treatment.

1.2 Purpose of the doctoral thesis

The theme is based on the author's experience in neurophysiology. The work aims to develop
innovative EEG and PEV analysis methods to improve the diagnosis and highlight neurological
and neuropsychiatric pathologies. For this purpose, technical methods of electrical signal
processing and analysis are used.

The theoretical foundations of electrical signals and statistical methods applied to experimental
data are presented. The results demonstrate the potential of these methods in identifying brain
pathologies and developing useful applications in medical practice.

1.3 Content of the doctoral thesis

The paper analyzes the generation of the electrical signal under the action of a stimulus, its
transmission and processing in the neural structures involved, with emphasis on the visual
system.

Phenomena recorded at rest and in flash visual stimulation are described, presented by statistical
parameters, tables, 2D/3D graphs, cortical maps and correlation diagrams.

Images of the experimental process and graphs highlighting new pathology indicators
developed by the author are included.

The paper contains chapters dedicated to the neurophysiological correlative activity for the
categories "Normal" and "Pathological-Clinical", presenting links between the observed
electrical phenomena and the indicators of classification in various pathologies. The study
targets a selected set of neurological and neuropsychiatric pathologies with a major impact on
medical practice.
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Chapter 2 — The Electrical Phenomenon — The Basis of Neuronal Activity
(Synthesized Version)

Neocortical physiological activity is based on the electrical processes of the neuronal system,
the foundation of central information processing. This is generated by the unequal distribution
of loads at the level of the neuronal membrane and the excitability property, manifested by
depolarization and electrogenesis. Electrogenesis produces the neuronal electric field,
propagated on the cell membrane and described by theoretical models that highlight the
complexity of electrical processing.

2.1 Introduction to the study of neocortical electrical activity

Cortical electrical activity comes from the electric fields generated by the reverberation of
excitation between the cortical layers, especially II-IV of the visual cortex. It is described by
the zonal dipole model "Source Dipole" and the "Central Source Dipole" (C.S.D.) model. [25]
Keith H. Chiappa.

Electrical activity has a dominant role over biochemical activity because:

. can activate structures at a distance through the electric field,;

. initiates propagable signals;

. generates local or distant biochemical changes;

. supports the integration of information into association and memorization circuits;

. it takes place much faster than biochemical processes;

. can induce excitation, deexcitation or cortical inhibition;

. transforms statistical biochemical phenomena into deterministic neuronal processes;
. Globally, it remains statistical due to the large number of neurons involved.

The electrical phenomenon is present at all biological levels, from receptors and axons to
associative multisensory structures, which integrate signals from different analyzers.

2.2 The phenomenon of electric signal propagation at the level of the axonal membrane
2.2.1 Local electrical potentials

Local potentials are transient changes in transmembrane tension generated by a depolarizing
agent. They are extinguished if the stimulus does not exceed the threshold of electrical
depolarization of the cell membrane, and the electrotonic transmembrane voltage decreases
exponentially, being characterized by the spatial constant (1) and the time constant (7).
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Main properties of local potentials:

. they do not produce complete depolarization;

. se transmit decremental;

. have graduated amplitude;

. has latency;

. allow spatial and temporal integration;

. depend on membrane conductances and capacities;

. they can trigger the action potential if they exceed the threshold;
. are influenced by metabolism and membrane condition.

Mathematical relationships describe the propagation of membrane tension, the exponential
decrease of electrotonic potential, and the constants A and 1, which characterize spatial and
temporal attenuation.

ﬁ Eloc=k-10gS
_é Etoc / \ Raspuns
p— | . 1
-~ . .
= 8 .
(3 i
- | 1
SI i I Stimul
atentd Timp

Fig 2.1 Characteristics of the local membrane
potential caused by a rectangular electrical
stimulus according to D.Margineanu and

The partial derivative equation showing the distribution in space and time of the UM
transmembrane tension for the excitable cell-neuron, highlighting the constant of space
(ec.2.4) and time (ec.2.8) is [1],[2]:

— 2%+7%+UM=0 @1
ox ot
The simple solution of membrane tension is .
Uy (x)=U,,(0)e * 3
The electrotonic potential will decrease exponentially by e times over a distance equal to:
A=R, /(R +R,) (2.4

A is a coefficient called the spatial constant or length constant, or spatial attenuation

d~ B _ |[Tud (2.7)
R, 47,

=R, C,, (2.8)
represents the time constant of the membrane, i.e. the time after the application of the stimulus
at which the electrotonic potential decreases e times compared to the maximum value.

The term
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2.2.2 Action potential or depolarization impulse

The action potential is an electrical signal resulting from the depolarization and repolarization
of the neuronal membrane, arising from the application of a supraliminal stimulus. It unfolds
rapidly, with distinct phases of ascension and descent, and constitutes the fundamental unit of
the transmission of nervous information.

o U,
+ 30— varf

= tensiune de varf (10 50) mV

deplarizare
alezpejodal

hiperpolarizare e prag de depolanzare (activare) (~ [, +10 mV)

repaus

lensunes de memrans [mY)

tensiune de repaus (-90 ... -50) mV

Fig 2.2 Depolarization Impulse or Action

Potential - [5] Figure shows the stages of

gepolarilzat.ion,. relgolllarizatjorll;l and belectritpal Fig 2.3 Depolarization Impulse or Action Potential
yperpolarization ot the excitable membrane after _
the s‘;pmulus is applied. at the Neuron —[51,2]

The main characteristics of PA are:

1. It is triggered only at supraliminal stimuli, exceeding the depolarization threshold.

2. Comply with the "all or nothing" law: once initiated, the PA has a constant shape and
amplitude.

3. It is fast and self-accelerated, with latency inversely proportional to the intensity of the
stimulus.

4. It is irreversible and transient, returning to the resting value after a phase of
hyperpolarization.

5. It has a short duration (1-3 ms) — for the neuronal axon.

6. It propagates over long distances, without decrement.

7. It is regenerative, the axon becoming fit again for a new BP after a short time.

2.2.4 Mathematical modeling of PA propagation
Action potential propagation (PA) can be described by the Hodgkin—Huxley equation, a
differential equation expressing the variation of membrane tension in space and time. It is
deduced from the model of independent transmembrane ionic currents and through its solutions,
faithfully reproduces the experimentally observed PA.The differential equation of the variation
of membrane tension in space and time is a relationship called the Hodgkin—Huxley equation
2

2 1 ) ‘ UzM = CM 'd&"'(EK _UM )gKn4 +(ENa _UM)gNam3h+(EL _UM)gL
v (R,, + Re) dt dt 2.1
The differential equation of the variation of the membrane tension in space and time is
deduced from the model of the transmembrane independent ionic currents, under conditions of

fixed potential, but it describes very well by the calculated solution the experimentally
recorded PA v.fig 2.5.
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Fig 2.5 The solution of the Hodgkin-Huxley equation and the temporal
dependence of the membrane potential and ion channel conductances of
Na+ and K+ accordine ta V Vagilesen & N Margsineann 1979 [5]
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2.2.5 Propagation of action potential by non-myelinated axons

In non-myelinated axons, depolarization is transmitted by local electrotonic currents, which
decrease exponentially with distance from the stimulation point. If the depolarization exceeds
the excitability threshold, it extends to neighboring areas, generating action potential (PA)
propagation. The propagation is unidirectional due to the existence of a refractory zone in the
already depolarized region. Local currents have a maximum value at the stimulation site and

decrease exponentially:] is maximum (cax)
i(x)=Ie"™™ (2.16)

The propagation speed depends on the axonal diameter and is low (1-2 m/s), insufficient for
rapid transmission of information in large organisms. Non-myelinated axons are found in
cortical gray matter, deep nuclei, and prechiasmatic segments of the optic nerve, prior to
myelination. If the intensity of the action current (Hermann, see fig. 2.6) exceeds the reobase,
it acts as an excitant for the neighboring region, causing the depolarization zone to shift by
electric diffusion. PA propagation occurs in the sense that the membrane is at rest; in the
opposite direction, the area is refractory by post-PA hyperpolarization (see fig. 2.7).
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Fig 2.6 Hermann membrane currents - after Edmond Fig 2.7 The meaning of the propagation of PA -
Nicolau and Constantin Balaceanu, 1967,[8] according to A Popescu. 1994.T11.

For non-myelinated axons between the rate of propagation of PA per axon and the axonal

diameter d :
v(#)~~d 2.17)

The potential variation moves steadily along the axon, while on the somatodendritic membrane
it is transmitted with decrement. In long dendrites there may be specialized regions that, when
crossed by a PA, generate depolarizations of high amplitude and high propagation speed. Non-
myelinated axons are found in the cortical gray matter, deep nuclei and in certain segments of
the optic nerve, before myelin is formed.

2.2.6 Propagation of action potential by myelinated axons. The Frankenhauser and
Huxley model

Most axons are myelinated, having an insulating sheath made up of lipid and protein layers
produced by Schwann cells. The structure is segmented by the alternation of myelinated
internodes and Ranvier nodes.PA transmission is achieved by jumping conduction:
depolarization "jumps" from one Ranvier node to another, if the stimulation threshold is
exceeded. Longitudinal currents (Stampfli) facilitate the rapid and efficient propagation of the
signal, ensuring a much higher speed compared to non-myelinated axons.

NR

l U ———\\ /1‘M
~ /m

Propagarea ,saltatorie”™ a curentgilor ionicl Stumpfli, Tn cazul fibrelor
mielinizate. NR = nod Ranvier; TM = teacli de mielinii; AXP =
axoplasmii.

Fig 2.8 Jumping propagation of Stampfli currents - after A Popescu, 1994, [1]
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2.2.7 Cylindrical Cell Model — Coaxial Cable Model

The axonal model is built on the basis of an equivalent circuit and a mathematical model that
describes the displacement of depolarization along the membrane. The axon is characterized by
the conductivities of the component media: intracellular (o1 = 1-2 S/m), extracellular (ce = 10—
20 S/m, about ten times greater than i) and membrane (variable om, depending on membrane
selectivity). The model's assumptions include:

. axial symmetry and reduction of the problem to one dimension (1D);
. homogeneous but non-isotropic internal and external environments;
. equivalent circuit with distributed elements;
. the lack of inductive elements, which leads to an electric diffusion phenomenon, not to
propagation in the form of waves. The model's assumptions include:
Fig 2.11
@ wo { :;"" Thus, the transmission of depolarization is described
e ax| | T as a process of successive diffusion along the axon.
s . The electrical diagram of the membrane differs for the
e rava ' polarized and depolarized state, being associated
S with distinct mathematical expressions for the
o transmembrane current [2].
- )l"h—“f:—L-—---;lz—:!f'---- 2. 2.8 Equation of spatio-temporal

distribution of membrane tension

T 4 The model uses transmembrane current and leads
to partlal diffusion-type differential equatlons [2].

gmAx CpAX Fig 2.12a #'—-’A‘ - Fig 2.12b
U Modul grAx £raAX & Ax lc,'Ax Modul
e transversal T ! transversal
i U U U, {
_________________________________ membrana § K Y N fi . membrana
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For the case of the electrically depolarized membrane v.fig.2.12.b, the diagram of the electrical circuit
and the transmembrane current given by the expression b) are used.

. for the polarized membrane — linear equation;

a); - U, -U,)g, +c oU,, _ u,g, +c, U for polarized membrane - (2.22)
m m m m m at m m 8t

. for the depolarized membrane — a nonlinear equation with variable coefficients,

numerically solvable by the Hodgkin—Huxley model.

b) i =(U, -U,)gw +(U, -Uy)gx +(U, -U,)g, +c, aéUtm for depolarized membrane (2.23)

Note: The models shown (made on an axon of squid or African frog, non-yelinated) cannot be applied
directly to the human visual system, where the axons are in a high percentage myelinated. The
necessary adjustments are made in relation to the Frankenhauser—Huxley model, applicable to
myelinated axons, especially at the level of the Ranvier nodes. The models can be used in the
non-yelinated axons in the prechiasmatic area, in the deep nuclei of the RF and in the complex
neuronal structure of the hippocampus.
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2.2.9 Adrian Edgar Douglas' Law

Adrian Edgar Douglas' law, formulated in 1923, describes the relationship between the intensity
of nerve stimulation and the frequency of action potential (PA) discharges. According to this
law, the frequency of impulses increases with the intensity of the stimulus, and at the threshold
intensity (Io) a minimum frequency of discharge is obtained. Experimental data show that if
stimulation remains constant after a gradual increase, the frequency of impulses decreases
exponentially over time. This phenomenon, called adaptation, reflects the restoration of the state
of polarization of the axonal membrane towards the resting level.

Frequency per Sec.
T

T
Sec -+0

Fig 2.13 Gradual increase in the frequency of the electrical
response when the needle is inserted into the skin. Adrian

The relationship is put in the form indicated by the experimental curve : v = 4-In—+v, or
0

1
v—v,=A-In—, where 10 and v, are the intensity and frequency of PA discharges at the
0

threshold of stimulation, where 4= Yo

.Relationship v =A4-In L +Vv, itis Adrian E,.D 's
nif. I,

law.[9],  (2.32)

Chapter 3 Experimental methods and techniques in obtaining the database
for signal analysis and the stages of processing VEP and EEG signals

3.1 Purpose of conducting experiments

The experiments aim to collect and analyze EEG and VEP data for:

. obtaining databases in the state of rest and flash stimulation, both for normal and
pathological cases;

. highlighting EEG and VEP activation patterns under normal and pathological
conditions;

. analysis of EEG correlations between cortical areas and between activity frequencies;

. analysis of the correlations of the VEP between the components of the signal, at rest
and in stimulation;

. identification of pathological patterns and obtaining specific EEG and VEP markers;

. Modeling of VEP activity under various flash stimulation conditions.
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3.2 Electrical equipment involved in obtaining VEP and EEG

The assembly of devices forms a unitary system intended for visual stimulation, data
collection, processing and storage for further analysis. The system includes:

signal collection and flash stimulation device;
electroencephalograph for primary signal pickup and processing;

Digital Data Analysis System.

Fig 3.1 Electrical equipment involved in obtaining the EEG electrical activity and the PEV I
signal (with blue border - the system for collecting electrical signals and flash stimulation;
with a red border - the electroencephalograph system; with yellow border — digital signal

processing svstem — PC station) - Nicolae Stelian Stanciu.Neurovhvsiologv Laboratorv 2018

3.3 Visual Receiver Flash Stimulation System

Visual stimulation is performed with a white flash system (strobe), with standardized energy
(0.3 J; 0.6 J; 1.2 J). The distance from the visual receiver is 25-30 cm. Scotopic stimulation is
initially applied, followed by intermittent photopic stimulation. For the repetition of the VEP
test, a break interval of 0.5—1 min is observed to eliminate visual fatigue. The frequency of the
stimulus is 1 Hz. The lamp used has low inertia and matte emissive surface, ensuring uniform
distribution of light intensity.

3.4 Ways to collect the electrical signal at the VEP

The VEP signal is recorded with electrodes placed on the scalp in the cortical visual areas:

Fz — median frontal area;
O1, O2 — bilateral occipital areas, corresponding to the Brodmann visual area 17.

The electrodes, of the silver "mushroom" type, are fixed with electrolyte gel, after degreasing
the scalp with medicinal alcohol. The contact resistance should be < 10 kQ to avoid artifacts.
Each electrode is connected to a recording channel, part of the data collection system. v fig 3.2
and fig 3.3

/ iy \ N
i
tanire
e / o
J X~
e - \ p T k\f / STmaTE

Fig. 3.2 Collection of the PEV signal
[10] modified by Stanciu Nicolae

Fig. 3.3. Technique of
collecting the VEP electrical
signal. O1, O2 occipital areas
of registration, left O1 and
right O2 respectively. Fz is
the reference electrode. El,
E2 ground  electrodes.
Vertical view from above..
Neurology
Clinic.Neurophysiology
Laboratory 2018.Nicolae
Stelian Stanciu — [20]
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3.5 Ways to collect the electrical signal at EEG

The recording of spontaneous EEG activity is done according to the internationally standardized
"10-20" system, which is widely used. It involves placing 21 electrodes on the surface of the
scalp, with landmarks at the Nazion (upper base of the nose) and Inion (cranial base, midline).
The electrodes are distributed as a percentage over the Nazion—Inion distance (10%, 20%, 20%,
20%, 10%). The "lead-source" (QA) model displays the electric potential at each point relative
to neighboring electrodes, using the weights method. v fig 3.4 and fig 3.6

c s Y Fig 3.4.
e WM Q.A branch
If'. QKX il \{VW harvesting
i : '31'/ 5 o systems (
— = WV |
&.:"'_.“_‘."1,'31“:_.)?“_ T N.S) Fig 3.6. Percentage diagram of electrode
placement [101.T111.

3.6 Electroencephalogram — Signal processing in the encephalogram

The electroencephalogram is the device that takes EEG signals from cortical electrodes and
processes them through calibration, pre-amplification, analog-to-digital conversion and power
amplification. The results are graphically displayed on the printer or on the machine screen.

3.6.1 Block diagram of an electroencephalograph

The block diagram (fig. 3.8) highlights the stages of collection, selection and pre-amplification
of EEG signals. At the end of the amplification stage, an amplification factor of the order of 10°
is obtained, with the preservation of the integrity of the signals. v fig 3.7 and fig 3.8

= =) 0
El 1 2 1

2| ¢ E PA |2 A AP DI
E3] 0 | 8 l

Fig. 3.8 Block diagram of an electroencephalograph. E1,E2,. E8 -
electrodes; S — Selector — Frank Network; PA — preamplifier; G —
Generator — reference voltage (potential); RS1, RS2 - sensitivity control
systems; A - amplifier; AP — power amplifier; DI - printer; M - paper
tape motor; CAN — analog-to-digital converter; ANBN — Digital System
for Data Analysis. [15],[20].

Fig 3.7. Electroencephalograph Bioscrpt
Zwonitz 2000. Nicolae Stelian Stanciu
2018 [20]

3.8 Usefulness of the encephalograph — Obtaining EEG power spectra

The EEG power spectrum is obtained by the Fourier transform, after filtering, digitizing and
storing the signal. To reduce noise, a Gaussian window (Hamming) is applied. The frequency
resolution increases with the duration of the recording. The weight of the average EEG power
(square amplitude) in relation to the total power emitted is calculated for the frequencies A, 0,
a, p and BHF. The areas analyzed are: Clinical (0-26 Hz), BHF (26-62 Hz) and Integral (0—62
Hz).In the thesis thesis, the relative (weighted) power was used, calculated on each cortical area,
with a step of 0.5 Hz.

11
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3.7 Working mode and stages of processing EEG and PEYV signals
3.7.1 Working method and obtaining the database — General

The subject is placed in a semi-dark room, in a horizontal position, with the EEG collection
system applied to the scalp. It is requested to keep the eyes open or to alternately cover one eye
with an opaque bandage, for exposure to flashing white light. The distance between the
stimulated eye and the light source is adjusted by the operator. The electrodes are properly
placed, and visual stimulation is done with standardized energies (0.3 J; 0.6 J; 1.2 J) at the
frequency of 1 Hz. Recording lasts about 60 s and after removing the artifacts, it can be repeated
after 60-90 s. The results are found on the display or rotating paper belt.

| Sistem de vizualizare a semnalului

| PEV si a posibilelor artefacte
de inregistrare, precum s$i pentru
compararea semnalelor PEV obfinute
pe cele doud hemisfere cerebrale

Lampa de stimulare, cu
lumina alba intermitenta
cuv=1Hz

4‘ Sistem de conversie 5i mediere
semnalului electric analog , A/D,
avind controlul parametrilor de
stimulare, esantionare , mediere ,
amplificare si filtraj a semnalului de
pe cele doud hemisfere cerebrale.

-

Fig 3.12 Subject to Flah testing — Fig 3.13. Equipment necessary for EEG and PEV recording.
Nicol.ae Stelian Stanciu Obs.control system -digital recording, White Flash 0.6 J.Clinica de
Neurophysiology Laboratory 2018 Neurologie Laboratory of Neurophysiology 2018.Stanciu Nicolae

3.7.2 Working mode for the analysis of experimental data of EEG activity

EEG analysis is performed with the Bioscript Zwonitz 2000 electroencephalograph, which
collects and processes the subject's electrical signals. The data obtained are EEG pathway
recordings, either at rest or in flash stimulation (0.6 J). Subsequently, they are entered into a
computer, where they are processed: the artifacts are eliminated, the relative electrical power
on cortical areas and frequency ranges is calculated, and the results are represented in EEG

mapping.

The main stages are:

1. Obtaining the electrical power weights at intervals of 60—180 s.

2. Disposal of artifacts.

3. Making EEG maps for the integral range 0—62 Hz.

4. Segmentation of the integral range into 8 domains of 7.5 Hz + 1 domain of 2 Hz (0—
7.5 Hz; 7.5-15 Hz; 15-22.5 Hz; 22.5-30 Hz; 30-37.5 Hz; 37.5-45 Hz; 45-52.5 Hz;
52.5-60 Hz; 60—62 Hz).

5. Segmentation of each range into 0.5 Hz steps and calculation of the relative power by
the MapEEG 2011 program.

6. Getting tables of values in TXT format.

7. Converting tables to XLS format for later use.

12
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3.7.3 Experimental protocoal

Steps 1-7 constitute an experimental worksheet. Several worksheets form an experimental
protocol. Examples: Work tab 1 and Work tab 2.

FROTOCOLUL EXPERIMENTAL - FISADELUCRUNR ] A73a PROTOCOLUL EXPERIMENTAL - FISADELUCRUNR: 3786
| mormem | otoacepelvcry | FTAFRALEMOOULIN) - peyizaroRs UTILITATEA = p—p—
CRT EXPERIMENT MULOACE DE LUCRL DE LUCKD REALIZATORI UTILITATEA
[THREGISTRAFER | [TISSTEMDECULEOERE | ETAFADE CULEOERE | ASISTENT LABURANT | |-Experawent necesat perira
WALORILOR, ELECTROI SEMMAL EEG WALTER TEUCH oh‘n:m nd-:nn::h( aunpgn [T [TREECETRATER |11 BETEMTECOLEDERE | ETAFADE COLEGERE | ASISTEHT TRAEOFART | T-Fxperune necesar peairy
o oz da frwcventy diaite ELECTRO; 0 Wi ICi tinerea spectre!
FELATIVEEEG E!‘MKDENUEPMDGM ETAPA 12 CERCET STINTIF e activitetil electros cemvhenle ;s_ll_JEEIDLDR 12 " SEARIAL 0 RATERTRICH :uﬁd'rmt:“d ..;:S
LA REFAUS 13 PROGRAN MAFEEQ FRINC.D J FSATTA | si pe z0nele corticale la mpeas RELATIVE EEG LA | ELECTROENGEFALOORAF | ETAPA 1.2 CERCET STIINTIF wintat ehectrice conbrile ol
20111 FENTRU ELIMINAREA -Experimant necesat pertra FLAH 13 FROGRAM MAFEED FRIHC D MPEATTA | po sonele costirale lu flsk
ARTEFACTELOR catinerea bt de comlale 20111 FENTRI) ELIMINAREA ‘-Expeniment nacesar peatr
ETARAZ FIZICLAH ezl by prpaus AETEFACTELOR ostinerma hatilor de comlate
COLABCRATOR 1 Frperment ecesus pestra ETAPAS FIZICIAN zonah k ek
ETAPAS WICOLAESTELIAN | chtinerss ficventelon valorikos COLABCRATGR 3 Experment ecesar peadra
P STANCTU gamm-:ww-l contieale ETAPA4 NICOLAESTELIAW | obtineres fincventelin vaoeos
mpe e
e il - Sl STARCTY tmlwwmkwnn
ETAPAGA decamlute a fiecveeielos das & Experimest necesas hart
drrse domena de activitate ETAFAGA de comlatia & frecventelor din
ETAPAER corteals b epasy dovvree domena de wipitele
i ETAPAGR corticds ls flwh
ETAPASC S-Experiment necesu chfinerii
ETAPAGC varitilor reltive de paiee
ETAPATA pnsderainpe o0 £ipe
ETAPATA frecvente
ETAPATE 6 Experimend necesar clbtinarii
ETAPA 78 Eonelot dh srnsikate mazima
ETAPATC Istevalaa fih a stractunin:
ETAPAIC seannale.
ETAPATD
ETAPATE R0
ETAPATE

3.7.5 Stage 8A—8F. Obtaining EEG correlation values

For the analysis of the zonal and frequency correlations of EEG power, steps 8 A—8F,
performed in Excel, are applied, according to the methodology in the literature:

. Step 8A: Apply the Correlation function (Tools — Data Analysis — Correlation).

. Step 8B: Define the data retrieval domain.

. Step 8C: obtaining the diagonally segmented correlation table.

. Step 8D: Completing the table by adding diagonal values.

. Step 8E: Apply the IF function to obtain a complete table of zonal correlations.

. Step 8F: making the final table with the EEG power zonal correlation values
ponderate.

These steps allow the correlations between cortical areas and between frequency ranges to be
highlighted, constituting the basis for the identification of relevant EEG markers.

3.7.6 Steps A—E. Obtaining VEP data and methods for determining amplitude and
latency

To obtain the amplitude and latency values of the VEP signal, the BIOSCRIPT — ZWONITZ
2000 electroencephalograph is used, connected to an analog-to-digital conversion interface
and a PC computer.

The main stages are:

1. Signal filtering in the range of 0.3—70 Hz.

2. Repeat flash stimulation 25 times to mediate the VEP response and eliminate
artifacts.
Recording on a time basis of 250 ms.

4. Digitization at 256 bit/channel (8 bit resolution).

Signal mediation is done according to the relationship
M(t) = [M(t-1) + V(t)]/2 (3.1
M(t-1) = mean of the previous amplitudes, V(t) = signal amplitude at time t
13
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Steps A-E:

. A: Obtaining the signal from the electroencephalograph.

. B: Display viewing and graphic printing. v.fig 3.16

. C: Point-by-point analysis of the graph and extraction of pairs (t, V(t)).

. D: Calculation of amplitude by peak-to-peak method or relative method (difference

between two signal peaks at different latencies). v.fig.3.17
. E: Simultaneous determination of amplitudes,latencies, and obtaining tables (t, V(t)).
Amplitudes are measured relative to an isoelectric line considered 0 V.
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Fig 3.16 Stage B. Visually evoked potentials, printed on Fig. 3.°17- Stage D Relative method of
paper, in neurophysiological studies of conduction obtalm.ng tbe amphtu'de of the VEP after
pathways, in pathology - neurophysiology laboratory.2015 Stanciu Nicolae Stelian [18 1.1201.1211

3.7.7 Types of experiments for the study of EEG and VEP
EEG — Normal and Pathological

. Stand by: in the 0-26 Hz, 2662 Hz (BHF), 0-62 Hz bands.
. 0.6 J flash: in the same frequency bands.
. Analysis of Flash—Rest Relative Variation: for weighted EEG power.

Pathologies analyzed:

. Obsessive-compulsive syndrome (OCS)
. Bipolar syndrome (BS)

. Autism

. Alzheimer's

. Schizophrenia

VEP — Normal and Pathological

. VEP amplitude as a function of flash stimulation energy (0.3 J; 0.6 J; 1.2 J).
. Analysis of VEP latencies in relation to stimulation energy.
. Study of the amplitudes and latencies of the VEP according to the stimulation of the

conduction pathway (left/right hemisphere).

Pathologies analyzed:

. Neuropathy
. Epilepsy with left hemisphere focus

In these cases, changes in VEP amplitudes and latencies in the case of flash stimulation are
investigated, in order to highlight the functional peculiarities of neuronal activity.

14
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RESULTS ACHIEVED

Chapter 4 Study of EEG-weighted electrical power and its relative variation
Rest — Flash in Normal and Pathological cases

4.1 Study of EEG-weighted electrical power
4.1.1 General

The EEG analysis was performed by numerical processing (v.3.13), obtaining the weight of
the average EEG power (square amplitude) in relation to the total power recorded during the
session (180 s). The evaluation was performed on all EEG frequencies (A, 0, a, B, BHF), in
the 19 standard points on the scalp, for three frequency domains:

. Clinical range: 0-26 Hz
. BHF range: 2662 Hz
. Full range: 0-62 Hz

The relative power was calculated as the zonal distribution of energy in the unit of time, with
a step of 0.5 Hz, for each cortical area. The scalp has been divided into 5 functional areas:

. Zone I: prefrontal (PF1, PF2)

. Zone II: front (F7, F3, Fz, F4, F8)

. Zone III: central-temporal (T3, C3, Cz, C4, T4)
. Zone IV: parieto-temporal (T5, P3, Pz, P4, T6)

. Zone V: occipital (O1, O2)

4.2 Way of working in the processing of experimental data

The experimental work was structured according to a block scheme (figure 4.2), using data
from the source [23].

4.3 EEG weighted electrical power — characteristics

EEG-weighted power is influenced by multiple variables:

1. It is an averaged value of electricity in the unit of time.

2. The variety of cortical areas and frequency ranges influences the result.

3. It reflects the type of neural activity specific to the area analyzed.

4. A distinction is made between Normal and Pathological neurophysiological states.

5. It is sensitive to the type of pathology present.

6. It is influenced by the functional state: Sleep or Flash.

7. It changes depending on the state of Wakefulness or Sleep.

8. It is conditioned by the parameters of Flash stimulation (emotion, stress, intensity,
duration, frequency, type, wavelength, stimulated eyes — AO, OD, OS).

9. It has a zonal wave character, dependent on time, frequency and cortical location

15
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4.3. Differentiated characterisation of EEG-weighted power in the Clinic and BHF, in
the Rest and Flash states, for Normal and Pathological cases.

4.3.1/4.3.2. Comparative analysis of EEG-weighted power in the Clinical domain (0-26
Hz), in the Rest (left) and Flash (right) states, for Normal cases, according to the
moments T1, T2, T3 and Flash stimulation at T4. v.fig4.3 a,b
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T4,T5,T6.

Note: After Flash
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4.3.3. Evaluation of BHF-mediated weighted power (26—62 Hz), in the Sleep and Flash
states, for Normal subjects. v.fig 4.4
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Nicolae Stefian Stanciu 2021 Nicolae Stelian Stanciu 2021
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Fig 4.4 Weighted electrical power mediated in the B.H.F domain at rest and Flash, Normal —
Nicolae Stelian Stanciu 2021 [12]. Obs. There is an increase in BHF-weighted power in Flash in
all brain areas, but more pronounced in Prefrontal, Frontal and Temporal [12]

4.3.4.a / 4.3.4.b. Statistical frequency distribution of EEG weighted power in Rest (a) and
Flash (b), in Clinical,Normal,cortical areas and frequency bands
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4.3.6.a/ 4.3.6.b. EEG weighted power spectrum according to cortical area and frequency
(0—62 Hz), in the Sleep and Flash states, for Normal subjects
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Mapping — Fig 4.7 a Weighted Power Spectrum. EEG
depending on the cortical area and frequency. 0-62 Hz .
Rest, Normal — Stanciu Nicolae Stelian [12] 2020

Mapping — Fig 4.7 b Weighted power spectrum. EEG
depending on the cortical area and frequency.0-62 Hz.
Flash, Normal — Stanciu Nicolae Stelian [12] 2020

4.3.8.a/ 4.3.8.b. Spectrul de putere ponderati EEG in functie de zona corticala si

frecventa (0—62 Hz), in starile Repaus si Flash, pentru subiecti cu S.O.C.
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Mapping — Fig 4.9 a Pond power spectrum. EEG depending
on the cortical area.and frequency. 0-62 Hz ,SOC rest,
Stanciu Nicolae Stelian 1212020

Mapping - Fig 4.9 b Pond power spectrum. EEG depending
on the cortical area.and frequency. 0-62 Hz, Flash SOC,
Stanciu Nicolae Stelian [12] 2020

4.3.9 EEG-weighted electrical power spectrum and frequency of neuronal activity (0—62
Hz) as a zonal mean, in the Rest and Flash states, for Normal and Pathological cases.

Significant differences were found between the two categories, both in spectrum amplitude and

frequency distribution.
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4.3.10 EEG weighted power wave depending on the frequency of activity and cortical
area, for normal cases.

The nower wave weighted at 70 erd. The power wave weighted at 90 grd.

Fig 4.11 Electric power wave weighted as a function of cortical area (angle
at center), frequency and time — Stanciu N.S 2021 [12], [23]

4.4 Reactivity of neuronal structures to Flash stimulation, Normal&Pathological cases
4.4.1 Neural reactivity — General

Percent neuronal reactivity is defined as the relative variation in EEG-weighted power between the
state of Rest and the state of Flash stimulation, according to the relationship :

R:(P;R)).IOOZR% (4.2)

0
where PO is the weighted power at rest, and P is the weighted power at flash stimulation.
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Fig 4.12 a,b Variation of weighted power and weighted power at rest — [23]
Obs Fig a on the left is the relative variation of weighted power EEG as a function of weighted power at rest
Fig b on the right is the relative variation of weighted power as a function of the frequency of cortical activity

4.4.6. The relative EEG-weighted power variation between Flash and Rest was analyzed
on cortical areas, in the range of 0—62 Hz, for Normal cases.

Fig 4.21 Mapping Relative Power Variation Flash-Rest by Zones and
Freauencv.. 0-62 Hz.Normal.Stanciu N.S. 2021.1121
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4.4.7. The weighted EEG power at rest and Flash, as well as the relative variation in the
BHF range (26-62 Hz), were studied for normal cases.
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Fig 4.22. Weighted electrical power and relative variation in the BHF domain, zonal mapping,
frequency function, Normal.Note The increase in weighted electrical power achieved by STG-DR
interhemispheric transfer, with the increase in the frequency BHF - Nicolae Stelian Stanciu

4.5 The phenomenon of weighted power decrease in the Alpha Clinical domain

Following the Flash stimulation, a significant decrease in the weighted power was observed in
the Alpha Clinic band (9.25-10.25 Hz), on all 19 cortical areas, and simultaneously with this
there is also the phenomenon of Alpha activation in the bilateral frontal area F3 and F4. In
addition, the phenomenon of the decrease in the weighted power at Flash stimulation is due to
the energy consumption weighted in the unit of time for the processing of the electrical signal
on the conduction pathways, but also in the neural structures, participating in this act of
stimulation. The largest decreases were in the bilateral, parieto-temporal and central frontal (Fz)
occipital regions. The relationship between the power of the Flash and that of the Rest depends
on the Nation—Inion distance. The phenomenon is exponential in nature and involves a weighted
energy consumption for the processing of the visual signal, both on the conduction pathways
and in the neural structures involved, v (4.4) and fig 4.25

P'= P=P,[47.432 —1.386 - Exp[0.0343 - x]] (%). (4.4)
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Fig. 4.25 Dependence on distance % Nazion — Inion of the power pond.
Flash EEG in the Apha Clinical domain, 9.25-10.25 Hz. Stanciu Nicolae

4.6 R neuronal reactivity to Flash — pathological cases

Neuronal reactivity was investigated in the Normal and Pathological context, highlighting significant
differences from normal cases, both in amplitude and in distribution on frequencies and cortical areas.
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VARIATIA RELATIVA DE PUTERE PONDERATA FLASH - REPAUS IN STARI
NORMALE S| PATOLOGICE, FUNCTIE DE FRECYENTA ACTIVITATII CORTICALE
dupa Nicolae Stefian Stanciu [12], 2020
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Fig 4.26 a. Comparative graphical description of the relative change in Flash-weighted power to normal and
pathological cases. It is observed that the very high values of relative variation in both normal and pathological are
found in the BHF frequency range, but in very complex pathology, these values are 6-7 times higher than in the
normal case. The weighted relative power variation remains an indicator of neuronal sensitivity to flash stimulation,
is rated R and is dependent on the specifics of the pathology. R = neuronal reactivity or sensitivity. [1]2]

4.7 R coefficient — normal vs. pathological comparison

4.7.1. Comparison of the R coefficient between Normal cases and Autism, in the Resting
state.

COMPARATIE VARIATIA RELATIVA DE PUTERE PONDERATA REPAUS AUTISM SI
REPAUS MORMAL CU VARIATIA RELATIVA FLASH - REPAUS NORMAL SI FRECVENTA
ACTIITATI CORTICALE - dupa Nicolae Stefian Starrciu [12], 2020
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Fig 4.26 b. Comparative graphic description of the relative change in Flash-weighted power to normal and
to the pathology Autism rest versus normal rest.Obs In autism, very large positive relative variations are
observed between 26 and 45 Hz and negative variations between 45 and 62 Hz, compared to normal, which
shows that starting with 35 Hz, the BHF domain practically does not work in the pathology of autism. [12]

4.7.2. Reactivitatea neuronala R la stimularea Flash in cazul bolii Schizofrenia.

Fig 4.27 . mparati raphical
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4.7.5. Reactivitatea neuronala R la stimularea Flash in cazul bolii Alzheimer.

COMPARATIE VARIATIA RELATIVA DE PUTERE PONDERATA FLASH - REPAUS BOALA
ALZHEIMER CU VAR REL. PUTERE POND. FLASH - REPAUS NORMAL S| FRECVYENTA
ACTIVITATII CORTICALE - dupa Nicofae Stelian Stanciu {12], 2020
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Fig 4.30 . Comparison Alzheimer's Disease — Normal at Relative Power
Variation Weighted in the Frequency Range 0 — 62 Hz [12]

4.7.6. Relative EEG weighted power variation between Flash and Rest, on cortical areas,
in the range of 0—62 Hz, for Alzheimer's cases.

Fig 4.31 Mapping Relative power variation Flash-Rest R, by zones and frequency. 0-62
Hz.Alzheimer.Stanciu N.S. 2021.[12]

4.8 Function R — Indicator of Neuronal Functional Status
4.8.1. Experimental analysis of the relative EEG-weighted power variation

Experimental analysis of the relative variation of EEG-weighted power revealed a Boltzmann sigmoid
limiting function, which describes the behavior of neuronal reactivity in the Clinical and BHF domains.
It was found that there is a new electrical phenomenon — damped oscillation — which overlaps over the
sigmoid limit, generating a complex functional relationship for neuronal activation over the entire
frequency range.
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Fig 4.33 Graph experimental data for R-weighted Fig 4.34 Graph of residual-error experimental data at the
relative power variation for EEG, Normal - Stanciu sigmoid fit function for the EEG-weighted relative
Nicolae Stelian 2024 [12] power variation, Normal -Stanciu Nicolae Stelian 2024
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4.8.2. Comparison between experimental data and the approximation function of R.
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Fig 4.35 a - fig E-below. Comparison
between the experimental data and
the approximation function R
obtained as a superposition of the
sigmoid function and the damped
oscillation function.

Fig 4.35 b - fig A,B,C,D-above. The
types of functions involved in
obtaining the approximation curves
fig A — Boltzman sigmoid,.

fig B — Decremental oscillation

fig C — resultant function,

fig D — Superposition of the reactivity
approximation functions R  Stanciu
Nicolae Stelian 2024 121

4.8.3. Types of Functions Involved in Obtaining R Neuronal Reactivity Magnetization
Curves and Description of EEG Weighted Power Variationpliprox

For the modeling of neuronal reactivity, three types of approximation functions were used:

* Boltzmann-type sigmoid function — for the limiting phenomenon (Fig. A, see fig. 4.35b)

» Damped oscillation function — for periodic decrease in amplitude (Fig. B, see fig. 4.35b)

» Approximation function of experimental data — the result of the overlapping of the two functions
(Fig. C, v.fig 4.35b)

Figures D, A, B (v.fig 4.35b) illustrate the superposition of the functions to obtain the final
approximation curve (Fig. E, v.fig 4.35a), leading to the function (v.fig 4.35b. C).

The functions involved in obtaining the approximation curves are:

The approximation function of the limiting phenomenon of the sigmoid function type—Fig A,

v.fig 4.35b

Approximation function of the damped oscillation phenomenon - Fig B, v.fig4.35 b

Experimental data approximation function — Fig C, v fig4.35b

54.5531 —

57.35293

4.5)

+ 54.55314 - 1

+¢0-45882(—17.58030+x)

(4.6)

43.17271e7004009%5in[0.39463 + 0.44857x]

182674.72618
3185.09824 + ¢0-45882x

(4.7)

+ 43.17271e~004009%5in[0.39463 + 0.44857x]

Figures D,A,B,v fig 4.35 b, indicate the superposition of the sigmoid functions and the damped
oscillation function in order to obtain the final approximation function of the experimental data v. fig
4.35 a— E and show the possibility of comparing these data with the final obtaining of the function R v.
fig 4.35 b -C[12]

Note. The "Mathematica" application displays many decimal places because it works with arbitrary

precision and preserves all significant digits. Premature rounding would introduce errors and more
inaccurate results, so I keep complete accuracy until the end. Here approximations of order 5 were made.
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4.8.4 Conclusions on the R function

1. The relative variation of EEG weighted power (R or VRPP) is an indicator of neuronal
functional status, with the role of a marker in the identification of pathologies.

2. R is generated by superimposing two processes: damped oscillation and sigmoid limiting
(Boltzmann), on the 0-62 Hz range.

3. Damped oscillation is generated by resistive structures that reduce the amplitude of neuronal
oscillations.

4, Between 0—12 Hz, damped oscillations dominate; between 12—62 Hz, sigmoid limiting
dominates, with the appearance of relative highs and lows of R.

5. The period of damped oscillations is ~15 Hz, and of the free oscillations ~14.8 Hz. The
decrease in the Alpha Clinic band (10 Hz) is the result of the overlapping of the two
phenomena.

6. The derivative of the sigmoid function at semi-height indicates the degree of neuronal
structural inhomogeneity.

7. The functions involved comply with the principle of superposition, being controlled by distinct
mechanisms integrated into the variation R.

8. In severe pathologies (Schizophrenia, Alzheimer's), the R in the field of BHF can increase up

to 600—700% or decrease to 50-80% (Autism), indicating deficiencies in the control of
neuronal excitation and distortion of damped oscillation.

IMPORTANT NOTE

It is observed that the relative variation of weighted power highlights the pathology when its percentage values
exceed values of 80% or when the values of pathological R decrease compared to those of Normal R with values
between 10% - 100%. The frequency ranges that highlight functional deficiencies are:

1 — BHF + Clinical domain for highlighting the pathological frequency domains in the integral frequency range 0-62 Hz.
2 — the BHF domain with an average of 44 Hz and the area of p high frequencies or p 2 with an average of 22.5 Hz,
located at the lower edge of the BHF domain, for highlighting the brain areas with pathological activity.

It is observed that a coefficient called stimulation reactivity can be defined R = the relative percentage variation of
EEG Flash-Rest weighted power in BHF or neuronal reactivity, which would highlight various types of neocortical
pathologies that have neuropsychiatric effects. In the case of this work, it is found that the higher R has values, the more
complex and difficult the pathology is to be remedied.

4.9 Relative Variation of EEG-Weighted Power in Relation to the Time Domain, Normal

Variatille relative de putere ponderata EEG Intre doua segmente temporale succesive si frecventa
activitatii corticale, T 43 - Stimulare Flash, Normal - dupe Stanciu Nicolee Stelian {12] 2020
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Fig 4.35.. The relative
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‘ N Nk BE: power  between  two
// \\ 4‘%@”’5%‘ ez || successive time segments
Y and frequency. cortical
——c2 || activity, Normal - [12]
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4.9.1.How it works. EEG activity was segmented into 30-second intervals, resulting in:
. Rest: 3 segments (90 seconds) T1,T2,T3

. Flash: 3 segments (90 seconds) T4,T5,T6

Total time : 180 seconds.

The relative weighted power variations were calculated between successive segments: D21, D32, D43,
D54, D65, for each of the 19 cortical areas (see fig 4.35). It is observed that Flash excitation in T4
produces damped oscitations in the temporal range of the relative EEG-weighted power variation
specific to each frequency range.
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4.9.3 EEG Weighted Relative Power Variation Wave

The wave of the relative variation of EEG weighted power was analyzed according to the standard angle

of the cortical area and the frequency (3—19.5 Hz), in the Clinical domain,Normal (Stanciu N, 2021)

N

Wave rel. Var D54 Power

Wave rel. Var D65 Power

4.10 Standard deviation of weighted relative power change EEG

4.10.2. Standard deviation relative variation as a function of frequency and standard

angle, Normal.

DEVIATIA STANDARD A VARIATIILOR RELATIVE DE PUTERE, LA REPAUS,
N JL CLING DE TA EEG: DELTA, THETAALPHA BETA

DEVIATIA STANDARD A VARIATIILOR RELATIVE DE PUTERE, LA FLASH,

Fig 4.40 a,b. Standard

0-19.5 Hz - dupa NICOLAE STELIAN STANCIU [12], 2020

BETA
ALPHA
THETA

[WOELTA ® THETA @ ALPHA O BETA |

JLCLINC DR F

Aupa NCOLAE STELIAN STANCIU [12], 2020

[WDELTA m THETA B ALPHA o BETA |

TA BEG: DELTA THETAALPHA BETA

deviation of the relative
variations of EEG-
weighted power,
Clinically between two
successive temporal
segments, the frequency
of cortical activity and the
cortical area, Normal,
Rest-a (left) and Flash-b
(right) - Stanciu Nicolae
Stelian [12],[31]

The time domains D1-D6 were analysed and the variations D21-D65 were graphically represented

(see fig 4.40).
. At Flash, the amplitude of the standard deviation wave is greater than at rest.
. The standard deviation values are periodic, with a wave appearance, depending on the

frequency and cortical area (see fig 4.41, Table 4.6, Table 4.7).

4.10.3. Standard deviation wave of the relative EEG-weighted power variation, as a
function of cortical area and frequency, in the Rest and Flash states, for Normal cases

unghi-grad
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a) STDEV Weighted Relative
Power Variation, Time Domains,
Rest, Normal
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Fig 4.41 Stdev wave var.weighted power a) Left-Rest and b) Right-Flash, Normal. Stdev wave of the
relative variation of EEG weighted power in the time range Rest T1,T2,T3 and in the time range after Flash
stimulation T4,T5,T6 with Flash in T4, depending on the standard angle of the 10-20% Jasper scheme and
the frequency of electrical activity dome Clinic. Note: It is observed that there is an oscillatory process
propagable from one cortical area to another, depending on the type of wave, the wave placed in the
frequency range of the EEG electrical activity and the standard angle. Fig b) (top right). Analytical graphic
description of the relative variation of the weighted power in Flash as a function of frequency and the
standard angle, at Normal It is observed that in Flash the oscillator phenomenon changes its number of
maximums reached along the Nazion-Inion line, decreasing its frequency with respect to Rest in space 3 D
(stand angle - activity freauencv - stdv). — Nicolae Stelian Stanciu 2021.[121

Chapter S The concept of EEG and VEP correlation and correlation
analysis

5.1 Correlation Analysis — General
Correlation is the concordance between events characterized by common parameters, making sense only

in structures with similar components and operating laws. EEG and ERP (evoked related potential) offer
non-invasive methods with millisecond temporal resolution for the study of brain functions.

. They are useful in highlighting cognitive abilities and differentiating functional brain states.

. Contributes to neurological and psychiatric diagnosis.

. EEG/ERP correlations reflect processes such as learning, sleep, memory consolidation.

. Correlating brain parameters with external stimulation or various pathologies is essential in the

study of CNS functionality.

5.1.4 Linear correlation coefficient

The linear correlation coefficient removes the limitations of covariance and provides information

about:
. Bond strength: indicates independence; large values indicate strong bonds.
. The meaning of the connection: positive, negative.

The general formula is expressed in the relation (5.5). [26] — Constantin Antonescu, Tudorel
Andrei,Liviu Stelian Begu

2 (x5 =), - y) (5.5)

;- a0 -]

5.3 EEG Zonal Correlation — Characteristics and Phenomena

5.3.2. Features EEG zonal correlation. It is maximum when two signals have a linear
relationship, with identical amplitude, frequency and phase.

. Synchronization of signals is essential for sensory processing.
. Signal coherence implies maximum correlation (r = 1).
. In the case of EEG activity between brain regions, high correlation indicates

processing synchronized.

. Pathology occurs when the neural system cannot control or delimit areas with linear
processing, affecting coherence.
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5.3.3. The zonal EEG correlation has an oscillatory character depending on the
frequency of cortical activity, in normal cases.

PRI PF2: PEITA: Pr.O1:PF1-O2 cu fracvants activita: corticale Fig 52 The oscillatory
(domeniul clinic) - dupa Stanciu Nicolae Steiian [23] - 2020 .
(D-delta; T-Tetha: A-Alpha; B-Beta) character of the correlation
1.2 =
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08 ————= > PF1, with the zones T4,01,02,
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® 04 — — - <~
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= AN / . . . . .
2 o = N ) // recording time. indicating a
PF1D 6 PFI1T 6 . PFiAe6 PF1B 6 .
0.2 - wave character - after Stanciu
S~ . .
B Nicolae  Stelian [12],[23],
0.6
Domeniul de frecventa activitate corticala (Deita, Tetha Alpha,Beta) 2020,2018
[o—PF1 ——FF2 T4 01 ——o02]

5.3.4 The phenomenon of decreasing the correlation of the area-weighted power as a
function of the distance from the cortical activating area to the correlated one. Clinical.
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5.3.6 Correlation spectra as a function of the distance between the activating area F7 and
the activated, correlated area and domain. of frequency. Clinical, Rest and Flash Normal.

Spectre de corelatie zonala de putere ponderata sl distanta aprox. de la zona
activatoare F7- 1 REPAUS - dupa Stanciu Nicolae Stelfan [12] - 2020

Spectre de corelatie zonala de putere ponderata si distanta aprox. de la zona
activateare F7-6 FLASH - dupa Stanciu Nicolae Stelian [12] - 2020

Fig 5.6. Spectrum of Corel. Depending on the distance of the activating area — correlated
area. Zone F7 Rest-up and Flash-down, Normal.Stanciu N S 2020 [12],[23]
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5.3.7. Decreasing the value of the zonal EEG correlation with the distance from the
activating area, as well as decreasing the standard deviation at Flash compared to
Rest,Normal.

CORELATILE ZONALE DE ENERGIE PONDERATA EEG LA REPAUS,NORMAL, INTRE TOATE
ARIILE CORTICALE PE DOMENIUL DE FRECVENTA 0-62 Hz - NICOLAE STELIAN STANCIU 2021

CORELATIILE ZONALE ENERGIE PONDERATA EEG LA FLASH,NORMAL, INTRE TOATE ARIILE
CORTICALE PE DOMENIUL DE FRECVENTA 062 Hz - NICOLAE STELIAN STANCIU 2021
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Fig. 5.7. The phenomenon of decreasing valorii.de correlation between power and evil. with dist.de
to the triggering area to the correlated one. Flash-Rest,Normal.. Stanciu N S 2021, [12]

Note. It is observed both at rest and at Flash that the zonal correlation values decrease as the distance from the
activating area where the correlation value is maximum, i.e. 1.v fig 5.6, fig 5.7..In addition, it is found that at rest
the despair is greater than at Flash.This fact certifies the previous statements that support the fact that with the
Flash stimulation the high correlation values are spatially restricted around the activating areas, where the level of
value homogeneity is high. The increase of the correlation values means the increase of the linearity of the electrical
phenomenon by increasing the value homogeneity around the activating areas. In this way, the electrical signal can
propagate undistorted, both in terms of form and amplitude value, there being the phenomenon of the zonal
distribution in phase of the zonal correlation values, i.e. of the coherence of the zonal correlation values. This
phenomenon of the coherence of the zonal correlation values is evidently observed both at Rest and at Flash. This
phenomenon constitutes the foundation and lays the foundations of the premises of the existence of the Visually
Evoked Potential (VEP) at Flash stimulation. — Nicolae Stelian Stanciu 2021 [12]

5.3.8.a. The phenomenon of rotation of the values of the zonal EEG correlation in
relation to the central area T3—T4, present at Flash and at rest, with the decrease of the
standard deviation at Flash.

ROTATIA VALORILOR CORELATIEI ZONALE DE ENERGIE PONDERATA EEG
INTRE TOATE ARIILE CORTICALE PE DOMENIUL DE FRECVENTA 0 - 62 Hz, LA
REPAUS, NORMAL - NICOLAE STELIAN STANCIU 2021

ROTATIA VALORILOR CORELATIEI ZONALE DE ENERGIE PONDERATA EEG
INTRE TOATE ARIILE CORTICALE PE DOMENIUL DE FRECVENTAO - 62 Hz. LA
FLASH, NORMAL - NICOLAE STELIAN STANCIU 2021
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Fig .5.8. The phenomenon of rotation valorilor.de correlation power rel.. with dist.de to the triggering area to
the correlated one. Rep-Fllh., compared to the T3-T4 area. Normal.. Stanciu N S 2021 [12]
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5.4.1 The phenomenon of decreasing the mean value of the EEG-weighted power
correlation of the frontal areas, as a function of the distance from the cortical activating
area to the correlated one. Normal case. Analysis. (Nicolae Stelian Stanciu 2024), [12]
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5.4.2 Decreasing the zonal EEG correlation and decreasing the standard deviation at
Flash from Rest, Pathological, Bipolar Syndrome.

CORELATILE ZONALE DE PUTERE PONDERATA EEG INTRE ZONELE FRONTALA, CENTRALA-
TEMPORALA SI PARIETO-OCIPITALA S| TOATE ARIILE CORTICALE PE DOMENIUL DE FRECVENTA
0-62 Hz, LA REPAUS, SINDROM BIPOLAR - NICOLAE STELIAN STANCRI 2023

PF1 PF2 F7 F3 Fz F& FB T3 C3 <z

| CORELATILE ZONALE DE PUTERE PONDERATA EEG INTRE ZONELE FRONTALA, CENTRALA
i TEMPORALA SI PARIETO-OCIPITALA SI TOATE ARIILE CORTICALE PE DOMENIUL DE FRECVENTA
0-62 Hz, LA FLASH, SINDROM BIPOLAR - MICOLAE STELIAN STANCIU 2023
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Fig .5.12. The phenomenon of decreasing valorii.de weighted power correlation. with dist.de to the

activating area to the correlated one. Rep-Flh.,Sindr.Bipol.. Stanciu N S 2023, [1
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Note. It is observed both at rest and at Flash that the zonal correlation values decrease as the activation zone moves
away from the activating zone where the correlation value is maximum, i.e. 1 v.fig.5.12 .In the pathological case of
Bipolar Syndrome, it is found that in Flash the value of the dispersion of the correlation values is higher than in the
Normal case. This situation indicates that the electrical signal is transmitted distorted both in shape and amplitude,
forming a correlation image specific to the SB pathology.In the case of SB, the inhibitory mechanisms of the spread
of correlation values in brain structures are affected. — Nicolae Stelian Stanciu 2023, [12]
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5.4.3. The phenomenon of decreasing the zonal EEG correlation and reducing the
standard deviation at Flash compared to Rest, Pathological Case Obsessive-Compulsive
Syndrome (OCS).

CORELATHLE ZONALE DE PUTERE PONDERATA EEG INTRE ZOMELE FRONTALA, CENTRALA- CORELATHLE ZONALE DE PUTERE PONDERATA EEG INTRE ZONELE FRONTALA, CENTRALA-
TEMPORALA SI PARIETO-OCIPITALA SI TOATE ARIILE CORTICALE PE DOMENIUL DE FRECVENTA TEMPORALA 51 PARIETO-OCIPITALA 1 TOATE ARNLE CORTICALE PE DOMENIUL DE FRECWENTA
0-62 Hz, LA REPAUS, SINDROM OBSESIV COMPULSIV - MICOLAE STELIAN STANCIU 2023 0-62 Hz, LA FLASH, SINDROM OBSESIV COMPULSIV - MCOLAE STELIAN STANCIU 2023
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Fig 5.13tag. The phenomenon of decreasing valorii.de weighted power correlation. with dist.de to the triggering
area to the correlated one. Rep-Flh.,Sindr.Obsesive.Compulsive.Stanciu N S 2023,[12]

Note. It is observed at rest and at Flash that the zonal correlation values differ greatly from those of the Normal case. In addition,
it is found that compared to Normal, at SOC Rest, the correlation dispersion is low for the frontal and central temporal areas
and high for the other areas, when the activation is frontal and central-temporal, and at Flash, the dispersion of the correlation
is very small, for all activating areas. front. These facts indicate that at Flash stimulation the correlation values are high and are
distributed in all brain areas, having a high level of value homogeneity. The structure behaves as a compact, functionally
undifferentiated whole. The increase of the correlation values means the increase of the linearity of the electrical phenomenon
by increasing the value homogeneity around the activating areas. In this pathological case, the electrical signal propagates
undistorted, both in form and in amplitude value, between the central and frontal brain areas, there being no specific
differentiation in the area of processing or generation of these signals. In SOC pathology, the control system of cortical
inhibition, of the zonal spread of correlation values is affected, with pathology in the frontal and central-temporal area, with the
existence of an uncontrolled positive amplification reaction of signals on all cortical areas to flash stimulation. This phenomenon
is the basis of SOC.'s pathology. — Nicolae Stelian Stanciu 2023 , [12]

5.6. Correlation analysis of EEG signals The phenomenon of zonal correlation and
frequency correlation of EEG weighted power. Description by Mappinglect

5.6.1. Weighted power correlation associated with EEG, Normal and Pathological zonal
electrical activity. Features. Description by Cortical Spatial Mapping

Characteristics of the phenomenon of zonal correlation of cortical activity [7],[9],[12]:

1. The value of the zonal correlation of the electrical power relative to the flash increases
as spatial spread with the increase of the frequency of the activity domain, from delta to beta,
increases as a structuring order with the frequency of the flash activity domain, the structuring
being made by the formation of persistent patterns in space, spatial patterns with high inertia.

2. The zonal correlation of the relative electrical power EEG behaves over time as an
oscillator-wave phenomenon, which can take the form of a plane wave, being coherent on some
spatial areas [12].

3. The best oscillations in time are observed in the prefrontal areas and they fade in
amplitude and shape as the areas are farther away from the PF.

4. The zonal correlation of flash-weighted electrical power shows that as the frequency of
activity increases, the spatial spread (dispersion) decreases relative to the resting state for Delta
and Alpha and increases for Theta and Beta [12],[23].

5. As a general trend, the zonal correlation tends to decrease in value as spatial spread at
flash versus rest, in relation to the activating area.
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6. For high frequencies, e.g. Beta and BHF tend to spatially concentrate large correlation
values in spatially limited areas, forming spatial patterns, in which the signal tends not to be
altered in shape [12]. The spatially limited distribution of the high correlation values around the
activating areas is based on the principle of minimum energy consumption.

7. For rest and flash, the correlation values are oscillating in relation to the frequency of
the field of activity. The values of the correlation of the relative zonal power tend to be
symmetrical with respect to the median nasion-ion axis and show patterns at high frequencies
both at rest and at flash [12].

8. In the correlation of EEG activity there are correlation patterns (models), which can
have longitudinal symmetry in relation to the T3-T4 areas, or transverse symmetry in relation
to the nasion—ion areas, both at Normal Rest and Flash, or Pathological Rest and Flash. In the
case of frequency correlation, these patterns can appear as a distinct element of a specific
pathology (Autism, Schizophrenia, etc.) [12],[23],[43].

5.6.2. EEG zonal weighted power correlation. Spatial cortical mapping.
Normal case (0-62 Hz) [23]

a.b. Corel. in the CLINICAL field of frequency of electrical activity EEG, Normal, Rest & Flash

Corr zove
cerebrale. la
FLASH 0-26Hz
CLINIC
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zone cerebrale, la
REPAUS 0-26 1z
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.E. .4§
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- - e £

Map with the spatial dispositions on the cortical areas of the relative power zonal correlations in the Clinical range of EEG-26 Hz
frequency, Fig .5.18.a left rest, Fig .5.19 b right flash normal. Stanciu N.S 2021.[121,[231,2020

cd . Corel. in the BHF range of frequency of electrical activity EEG, Normal, Rest & Flash

Corr zone cerebrale,
laREPAUS 26-62
Hz, BHF, NORMAL s

Cotr zone cerebrale, la
FLASH 26-62 Hz
BIF. NORMAL

Map with the spatial arrangements on the cortical areas of the relative power zonal correlations in the BHF range of EEG frequency
26-62 Hz. Fig .5.20.c left rest. Fig .5.21.d right normal flash . Stanciu N.S 2020.[121.231.2020
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5.6.5. EEG zonal weighted power correlation. Spatial cortical mapping.

Pathological case — Schizophrenia disease (0-62 Hz) [23]

A.B. Inthe CLINICAL field of frequency of electrical activity EEG, Schizophrenia, Rest &

Flash
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Fig. 5.30 Map with the spatial dispositions on the cortical areas of the

[121./231.2020

Fig. 5.31 Map with the spatial dispositions on the cortical areas of the
zonal correlations of relative power in the Clinical range of EEG relative power zonal correlations in the Clinical EEG frequency range

frequency 0-26 Hz, rest, Schizophrenia Disease — after N.S.Stanciu 0-26 Hz, Flash, Schizophrenia disease - after Ni S Stanciu

[121.1231.2020

c.d.  Corel. in the BHF field of frequency of electrical activity EEG, Schizophrenia, Rest &

Flash
Corr zone cerebral Corr zone cerebral
REST 26-62 Hz FLASH 26-62 Hz
BHF, BHF
SCHIZOFRENIA SCHIZOFRENTA
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Fig. 5.32 Map with the spatial dispositions on the cortical areas of the Fig. 5.33 Map with the spatial dispositions on the cortical areas of the
zonal correlations of relative power in the BHF domain of frequency EEG relative power zonal correlations in the BHF domain of frequency EEG
26-62 Hz, rest, Schizophrenia Disease - after N.S.Stanciu [12],[23],2020 26-62 Hz, Flash, Schizophrenia Disease - after N S Stanciu [12],[23],2020

5.6.6.b.3. EEG weighted power zonal correlation on the Alpha Clinic 8—13 Hz, Flash,

Normal domain — 30 cases

ALPHA FLASH

Fig. 5.39 Corr.
Alpha Flash.Corel
pattern in PF1-
F7,F3-F4-T4-PF2,
parietal—occipit P3-
Pz-P4-T6, 01-02. 1
distribute
continuous
symmetric values in
pattern-after Stanciu
N.S.[12],[23],2020
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5.6.6.b.4. EEG Weighted Power Zonal Correlation on the Clinical Beta Range 13-26 Hz,
Flash, Normal — 30 cases

Fig. 5.41
Corr.Beta Flash.
Symmetric corel

pattern in PF1-
PF2-F7-F3-Fz-F8-
T3-T4,C3-
C4,temp-pariet—
occ. Distribution
of large
continuous waves,
in pattern-after
Stanciu N.S.
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5.7. Correlation analysis of EEG electrical signals. Frequency correlation of weighted
power

5.7.1. Correlation of weighted electrical power associated with EEG, Normal and
Pathological frequencies of electrical activity. Features

. There are well-defined frequency zones, which include values insidede corelatie fie
pozitive, fie negative.

. In the normal case, there is an increase in the size of these areas that have internal
correlation values of the same sign, with flash stimulation [43],[44].

. In the case of pathologies, two types of flash reactions can be distinguished:

1. Scattering and segmentation of areas with medium and low correlation values but of
the same sign on large areas of the frequency range (e.g. Obsessive Compulsive
Syndrome)[44].

2. The appearance within the frequency areas with a high degree of dysfunction of square

areas containing very high correlation values, separated from each other by narrow
frequency bands, both at rest and at flash (e.g. Schizophrenia, Autism, Alzheimer's)
[12],[23],[44].
In order to measure the extension of the square areas and the dispersion of the
functional pathology, the coefficient N was introduced. (see chapter 5, subchapter 5.76 and
fig. 5.51-5.72, rel. 5.25)

5.7.1.a. Frequency-Weighted Power Correlation — Normal, Rest [12],[23]

Fig. 5.44 — Corel. in the Clinical, Normal, Rest domain — left
Fig. 5.45 — Corel. in the BHF domain, Normal, Rest — right

CORELATIA FRECVENTELOR 026 Hz LA REPAUS CORELATIA FRECVENTELOR 26-62 Hz LA REPAUS
CAZURI NORMALE CAZURI NORMALE

dupa MICOLAE STELIAN STANCIU {12, 2020 dupa MICOLAE STELIAN STANCIU [12], 2020
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5.7.1.b. Frequency-weighted power correlation — Normal, Flash [12],[23]

Fig. 5.47 — Corel. in Clinical, Normal, Flash — left
Fig. 5.48 — Corel. in the BHF domain, Normal, Flash — right

CORELATIA FRECVENTELOR 026 Hz LA FLASH CORELATIA FRECVENTELOR 26-62 Hz LA FLASH
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5.7.3.a. Frequency-Weighted Power Correlation — Autism Disease, Rest [12],[23]
N . .. .
Fig. 5.56 — Corel. in Clinical, Autism, Rest — left
N . . .
Fig. 5.57 — Corel. in the field of BHF, Autism, Rest — right
CORELATIA FRECVENTELOR 026 Hz LA REPAUS CORELATIA FRECVENTELOR 2662 Hz LA REPAUS
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Fig. 5.56, Fig. 5.57 - pathological cases, autism disease,. Rest, Corel Map. Relative power associated with
Frequencies in the Clinical and BHF domains — after Nicolae Stelian Stanciu [12],[23],[44],2020.

Note.

- In the Clinical domain, 2 distinct areas are observed, 0-15 Hz and 16-26 Hz, which have moderate correlation
values within them and are practically negatively correlated. It is observed that the more the frequency of
cortical activity increases, the more the correlation values within the separable domain increase. There are
border areas, e.g. 15-16 Hz, which correlate both positively and negatively with various nearby frequency areas.
- In the BHF domain, it is observed the separation into 4 large, distinct correlation domains, which in turn form
correlation clusters inside, like square correlation patterns, and each area in the cluster has 1.5-2 Hz x 1.5-2 Hz,
having very high correlation values of weighted powers delimited inside (see page 110 below). The value of
the frequency of 50 Hz corresponding to the minimum weighted power (v spectrum of BHF weighted power
values, page 61, below), is the one that segments in the 4 quadrants the field of correlations BHF.De observed
in the upper part of fig page 153, in quadrant II in the frequency range 50-62 Hz, the formation of square
correlation clades, is a phenomenon that limits the high-performance cortical connections. [12],[23],[44].

33



Contributions to the analysis of bioelectrical signals in neurocortical activity to improve useful
information in medical diagnosis

5.7.5.a. Frequency-Weighted Power Correlation — Schizophrenia Disease, Rest
[12],[23],[44]

Fig. 5.65 — Corel. in Clinical, Schizophrenia, Rest — left
Fig. 5.66 — Corel. in the field of BHF, Schizophrenia, Rest — right
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5.7.5.b. Frequency-Weighted Power Correlation — Schizophrenia Disease, Flash
[12],[23],[44]

Fig. 5.68 — Corel. in the Clinical field, Schizophrenia, Flash — left
Fig. 5.69 — Corel. in the field of BHF, Schizophrenia, Flash — right
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Fig. 5.68, Fig. 5.69 - Pathological Cases, Disease Schizophrenia, Flash, Coral Map Relative Power
Associated Frequency on the Clinical Field and BHF. [12],[23],[44]. Note.

- In the Clinical field there are 3 distinct zones 0-6 Hz, 6-14 Hz, 14-26 Hz that have moderate or high correlation
values within them. The Dom.Clinic has areas with positive or negative correlation values and the transition is
gradual, or overlapping as continuous areas of values. The frequencies that divide the Clinical domain are 6
Hz, 10 Hz, 14 Hz and 17 Hz. There are cluster areas with a small area, with high correlation values, or inside
another cluster with lower correlation values (e.g.: 10-14 Hz in 8-15 Hz), or in clusters of square pattern type
(e.g. 0-4 Hz). These clusters can overlap.

- In the BHF domain, it is divided into 3 subdomains of dimensionally large correlation values, at the frequency
0f49.54 Hz v. Fig. 5.69.0nly at the lower limit of BHF is formed a sub-frequency range (26-40.5 Hz), which
contains very high correlation values arranged in the form of a square pattern (2 Hz x 2 Hz).

If at rest see Fig. 5.66 the area with square patterns was arranged at higher frequencies of BHF, at flash v Fig.
5.69 itis arranged at lower frequencies of BHF. The quadratic patterns limit the qualitative cortical connections
and lead to the idea of the existence of a positive zonal reaction, without interconnection, without the existence
of cortical control between the quadratic areas that form the pattern, with a massive energy consumption of the
respective structures in activity. This energy demand at the flash also explains the change in the position of the
square correlation patterns towards lower frequencies of activity, which ensure a higher weighted power of the
cortical activity performed at flash stimulation.— according to Nicolae Stelian Stanciu [12],[231,[441,2020.
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Functional scattering coefficient of pathology

This coefficient denoted N is used in the EEG weighted power correlation analysis in relation
to frequency, with the aim of highlighting the degree to which a neurocortical functional
structure is affected by a specific pathology. It expresses the extent to which pathological
elements are developed in neurostructure, reflecting the ability to transmit electrical signals
between two cortical cortical areas, characterized by their frequencies and associated frequency
domains.

The functional pathology level N can be defined in the space of correlation values and
frequencies as being. the number of square-type areas existing in a frequency range of
width Av, which include in their inner area of width Av0 , very high correlation values
and which is bounded on its outside by the narrow frequency band, Avm — the marginal
frequency range. (see fig 5.71). The higher this N number of pathological areas in a given
frequency range, the more structurally complex the pathology, or the more serious it is
from a medical point of view and the more the value of the correlation increases. Ex.Flash
(see fig 5.71, fig 5.72). The pathological level is equivalent to the degree of functional
destructuring introduced by the existence of neuropsychiatric pathology. The pathological
level was denoted with N - dimensionless number and was defined by the relationship:

Av ’ Avy+Av, : Av, :
N_[AVOJ _( Av, j _(1+AV0) (5.23)
. The higher the N number, the more structurally complex or medically serious the
pathology.
. The pathological level N is equivalent to the degree of functional destructuring
introduced by the neuropsychiatric pathology.
. Avm delimits the area with very high correlations from the neighboring areas with low
values, behaving as an isolated system in terms of transmission and energy consumption.
. Within the square areas, the high correlation values are supported by a linearity that

requires a high energy consumption, which can lead to the biological degradation of the
neuronal structure.

. This coefficient does not directly indicate the affected brain area, but the frequency
range associated with the pathology.
. It has been used in the description of pathologies: Autism, Schizophrenia, S.O.C.,

Bipolar Syndrome, Alzheimer's.

The more extensive the marginal domain, having a large share of the domain with high
correlation values, the aspect becoming that of a point area with very high correlation values,
the higher the pathological level of functional destructuring. Avm — the marginal frequency
domain, is the one that delimits the area with very high correlation values from the other areas
of close frequency having low correlation values. Everything behaves like a practically isolated
system in terms of signal transmission and energy consumed. where they are dominated by the
existence of linearity, a phenomenon that in order to be sustained, requires a very high input of
energy, which ultimately leads to the organic, biological degradation of the signal-emitting
neuronal structure. This indicator of functional destructuring does not directly and precisely
highlight the organic brain area structurally affected by the pathology, but only the frequency
range associated with the existence of the specific pathology. The phenomenon of functional
destructuring referred to in this doctoral thesis was used by the author in describing the
pathology associated with Autism and Schizophrenia, being also noticed in the case of S.0.C.,
Bipolar Syndrome and Alzheimer's disease.
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Fig 5.71 Numbers of pathological Fig .5.72 Weighted power correlation - mean in frequency as a function of N,
square areas number of pathological square areas in BHF. Stanciu Nicolae Stelian 2025

5.7.7. The pathology indicator using the EEG weighted power correlation in frequency
domain - L.N.C.

L.N.C. — Indicator of Non-Correlation Compensation

It is an indicator of the existence and development of neuronal pathology, expressing the degree
to which the sum of the correlation values associated with the EEG-weighted power in the
average frequency domains Alpha and Beta 1 is compensated by the sum of the correlation
values in the Delta, Beta 2 and BHF domains.

. Correlation compensation is associated with the state of normality.
. Non-compensation is associated with neuropsychiatric pathology.
. The analyzed range is 0—-62 Hz, covering the entire neurophysiological activity.

The definition of I.N.C.

The total average of the correlation compensations is considered:

1. Ai= [CORR (ALFA) + CORR(BETA 1)];
2. B;= [CORR (DELTA) + CORR(BETA 2) + CORR(BHF)];,

where i is the index associated with the Hz-mediated frequency range.
2.25 6.25 9.5 12 15.75 22.25 44

LN.C is defined as the average of the correlation values on the fields indicated above

> (4, + B,)
INC=_{ (5.24)

where i is the index associated with the average frequency range. It has been observed that the
phenomenon of correlation compensation occurs both at Rest and at Flash, for all Normal or Pathological
categories. The I.N.C. was determined to be both Normal and Pathological - S.0.C. Bipolar SB
Syndrome, Schizophrenia, Alzheimer's disease and Autism rest. It was found that in the Normal case
there are the lowest values for .N.C., compared to all types of pathologies investigated, both in Rest and
Flash. It has been estimated from the experimentally observed that in the ideal case Normal, so that
IN.C =0 so that:

>4 4 X8
Z;:B — ln ln

i

= —1,adic

N
+
o
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LN.C Features
1. Inthe normal case, the I.N.C. values have the smallest, close to zero.

2.

Ideally: I.N.C. values indicate a functional control system of EEG correlative activity.

3. The phenomenon of compensation occurs both at rest and in flash, in all categories (Normal

and Pathological).
This relationship of the I.N.C (5.25) shows us that this phenomenon of compensation of the correlations
of weighted power, exists in the entire range 0-62 Hz. of the frequencies of neuronal activity, which
implies the existence of a control system of the functional correlation activity, associated with the
correlation of the frequencies of the activity of the type of a reaction system.

5.7.8 . Correlation compensation effect. Exemplification NORMAL

Table 5.11

Correlation values by mean frequency domains. Table up-Sleep, down-Flash, Normal

CORF MEDIE FRECY REPAUS NORMAL
e 5. .25 S5 12 15 75 22.25 44
1 01358635 -0.95425 -0.922002 -O0.855503 0.071905 0.6145657
5.25 01356353 1 -0.075325 -O0.10495 8 0.061399 0 0125121 -0. 05547
-0. 96542452 -0.07 5325 1 0.95952653 0.8094397 -0 15035 -0.551921
12 -0.9200204 -0.10495 8 0.9552563 1 0.5553541 -0. 253657 -0.70415
1575 -0.8550335 0.051399 0.394397 0 0.355341 1 -0.01519 -0.567054
2225 0.0719082| 0.1253121 -0.150== -0.25367 -O0.01519 1 0475301
44 0.51456665 -0.05547 -0.565191 -0.70415 -0.B7054 0.4753501 1

CORF MEDIE FRECY . FLASH HNORMAL
225 B5.25 s 12 2 s ] 2225 A4
1 -0. 2565 -0.533512 -0.75155 -0.9047 O.0=39951 0. 15513535
.25 -0. 2565 1 0477554 0451229 0.353511 -0.54754 -0 BSE05
-O.553312 0477554 1 0.90335 0.755266 -0.BE792 -0.7ES0OZ2
12 -O.7S155S 0451229 0.290335 1 0. 953265465 -0.51355 -0.E7a5
1575 -0.904F 0.353511 O0.765266  0.9326465 1 -0.539145 -0, 4407
2225 0.059951 -0.564754 -0. 566792 -0.51355 -0.39145 1 0. 899505
44 0165135 -0 B5E05 -0 75302 -0O. 5745 -0. 4407 O 599505 1

Table 5.12

Calculation of the coefficients A,B that enter into the relation of the compensation effect and the

index of non-compensation of the I.N.C. Correlations Table Up-Rest, Bottom-Flash, Normal

CALCUL I.LN.C REPAUS NORMAL
A = CORR (ALFA) + CORR(BETA1} & B = CORR (DELTA) + CORR(BETA2} + CORR(BHF}
Frecv.Hz 225 G.25 ks 12 15.75 2225 44
B -0.913124) -0.03894( 0.9508587 | 0.937868| 0.916579| -0.14073| -0.67555
B 05622532 0.060429( 0535833 -0.62593| -0.51459( 0.591607| 0.697056 I.N.C
MEDIE A.B | -0.1754329] 0010746 0181027 01555944 | 0200994 0187662 0010755 0.5F 1703
CALCUL ILH.C FLASH NHORMAL
A = CORR (ALFA) + CORR{BETA1) & B = CORR (DELTA) + CORR{BETAZ2} + CORR(BHF}
Frecv.Hz 225 b.25 9.5 12 1575 2225 A4
A 078646 0430791 0.890539| 0945332 0900304 -0.55764| -0.62618
B 0418372 -0.51997| 067135 -0.63997| -0.57395| 06683196 0 6353243 I.LN.C
MEDIE A 016204 -0.04459( 0109593 0127682 0160673 0.052772| 0.031036] 0.268136

5.7.8.atag. The effect of compensating the value of the frequency-weighted power
correlations Rest -Left and Flash- Right.Normal.
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5.7.9.a. The effect of compensating the value of the frequency-weighted power
correlations Rest and Flash.Pathological — S.O.C.

CORELATIA PUTERII PONDERATE EEG MEDIATE PE DOMENII MEDII DE CORELATIA PUTERII RELATIVE MEDIATE PE DOMENII MEDII
FRECVENTA,REPAUS,S.0.C - STANCIU NICOLAE STELIAN

15 | 5 DE FRECVENTA,FLASH,S.0.C - STANCIU NICOLAE STELIAN

FRECVENTA MEDIE ACTIVITATE Hz
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Fig.5.76,a,b: Compensation effect of the value of correlations on central and extreme domains of medium
frequency,Pathological,S.O.C.. EEG-weighted power correlation, mediated by mean frequency domains,

Rest, Pathological, S.O.C. a--Left.-Rest & b-Right -Flash.Stanciu Nicolae Stelian 2025

5.7.10. Conclusion on I.N.C.

Table 5.
I.N.C. to NORMAL and PATHOLOGICAL
ILN.C REPAUS | ILN.C. FLASH
NORMAL 0571703109 0.268136261
S.0.C. 1.054634222 1.335183808
S.B. 1.419761879 0. 710680072
SCHIZO 1.679682809 0.711731748
ALZHEIM 0 961537595 0586671941
AUTISM 1.369127498

INDICATOR DE PATOLOGIE I.LN.C
indicator de necompensare a corelatiei la diverse patologii si
Normal,Repaus si Flash - Stanciu Nicolae Stelian 2025
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Fig.5.78tag. The pathology indicator I.N.C.la Normal and
Pathological, Rest-green, Flash-red. Stanciu Nicolae Stelian [12]

Important! From what has been shown in this subchapter, it follows that the phenomenon
of correlative activity in the frequency domain is very important because it highlights the
transfer of electrical signal associated with all the frequency zones of the entire
neurophysiological activity. The control of the value of the EEG-weighted electrical power
correlation index is absolutely necessary because these values under certain conditions
can lead to the appearance of pathology. This control is carried out in the case of the
correlation of the EEG weighted power by frequency, by the phenomenon of
compensation of these correlation values on certain frequency domains of cortical activity.
The introduction of the index of non-compensation of the I.N.C. correlation is necessary
because it shows the existence of a control system of the cerebral correlative activity, as
well as the initiation and development of neuronal pathology when this control system is
deficient or the pathology is very serious and affects this control system itself.
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5.8. VEP Latency and Amplitude, Normal Case

Basis of VEP correlation analysis

5.8.1. Experimental VEP amplitudes at White Flash stimulation energies (0.3 J, 0.6 J, 1.2 J)
for Right Hemisphere and Left Hemisphere, Normal case.
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Fig 5.79 (a,b). The amplitudes of VE[ at Right Hem.( fig. left-a) and Hem.Left (fig. right-b) in microvolts at White
Flash stimulation with 0.3 J; 0.6 J ; 1.2 J, The values of the amplitudes of the VEP signal are measured relatively,
peak by peak, depending on the standard latency in milliseconds - ms. after Stanciu Nicolae Stelian [221.[43]1.

5.8.2. Experimental latencies of the VEP components at the same stimulation energies, for the
Right Hemisphere and the Left Hemisphere, Normal case.

Latenta PEV experim. Hem DR, latenta standard si energia Latenta PEV experim. Hem STG, latenta standard si energia
stimulare Flash 0.3 J; 0.6 J; 1.2 J, caz Normal stimulare Flash 0.3 J 0.6 J; 1.2 J. caz Normal
dupa Stanciu Nicolae Stefian [22] 2020 i dupa Stanciu Nicolae Stelian [22] 2020
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Fig 5.80 (a,b). Experim. comp. VEP latencies at Hem. Right (left -a) and Hem. Left (right-b) at White
Flash stimulation with 0.3 J ; 0.6 J ; 1.2 J in milliseconds. The values of the latencies of the components of

the VEP signal are measured relative to the peak level of signal amplitude.

5.9. Correlation analysis of VEP electrical signals, Normal

5.9.1. Characteristics of the VEP Amplitude and Latency Correlation Phenomenon

a) Correlation of amplitudes of VEP components — characteristics

1. Correlation values depend on the type of neural structures and processing pathways

2. In the Normal case, neural structures correlate differently with Flash stimulation

. High positive correlation for excitative structures (N40, N70, N150, N220).

. Negative correlation for inhibitory structures (P50, P100, P200) and retina (N20).

. The situations are illustrated in graphs for both hemispheres.

3. High correlation between the Hippocampus and the CGL — the existence of the
thalamic filter and visual awareness.

4. The reticulated formation correlates positively with flash energy and excitative
structures, not with inhibitory ones.

5. The high amplitude correlation implies optimal energy consumption. Loss of this
control — pathology.

6. In pathological cases, large deviations from normal values occur.
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b) Correlation of the latencies of the VEP components — characteristics

The latency correlation reflects the linearity of the propagation rate.

High positive correlation if the velocity increases with the flash energy.

Negative correlations for CGL and Hippocampus.

Most of the components correlate positively, exceptions: CGL-N40,P50,Hippoc-N220.
High correlation — pronounced linearity between speeds.

The coherence of graphic forms — high correlation.

High level of coherence in the CGL and Hippocampus, required for thalamic gates.
The high amplitude correlation implies optimal energy consumption.

In pathology, there are large deviations from normal.
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5.9.2. VEP Amplitude Correlations. Overall treatment

At the White Flash energies (0.3 J, 0.6 J, 1.2 J), for the Right Hemisphere and the Left
Hemisphere, Normal.
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Fig.. 5.81.a,b. Corr VEP Hem DR, a-left, Hem STG, b-right. Note The correlation coefficient of the flash stimulation
energy, which has a high positive value, is observed if the structures that process the electrical signal sent on the optic nerve
are of the excitative type, which have the components PEV, N40, N70, N150, N220. Due to the existence of a retinal adaptation
system to flash stimulation, there may be situations in which negative correlations occur with the N 20 component associated with
the retina - v Hem DR.Notice the value of the correlation coefficient of the flash stimulation energy also has a negative value, if the
structures are of the inhibitory type P50, P100, P200. These structural types oppose neuronal stimulation.Situations are at Hem DR

5.9.4. Average correlation of amplitudes of VEP components

5.9.4.a. Mean amplitude correlation PEV Hem.Left — Right Hem. Normal,
Separate treatment|[22].
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1. VEP amplitudes and latencies

5.10.1.a. Amplitudes and latencies of VEP Pathological case, Right Heme and Left Hem.
White Flash of 0.3 J,0.6 J, 1.2J, Neuropathy
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Fig 5.93 .a,b. a-stg Amplitude,b-dr PEV Signal Latency, Pathology, Neuropathy, White Flash Stimulation

0.3.0.6.1.2 J.- after Stanciu Nicolae Stelian [22]
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5.10.2.a Amplitudes and latencies of VEP at White Flash state energies 0.3 J, 0.6 J, 1.2J,
for Right and Left Hemisphere, Pathological, Epilepsy Left Hemisphere Focus.
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Fig 5.94 .a,b. a-stg Amplitude,b-dr VEP signal latency, Pathology,Epilepsy Heme Focus.Sting, White Flash
Stimulation 0.3,0.6,1.2 J.- after Stanciu Nicolae Stelian [22] — 2020

5.10.3 VEP amplitude reaction control system
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Fig 5.95 .a,b.Reaction coefficient Beta,a-fig left Hem DR and b-fig right Hem STG of the reaction system for
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5.10.4 VEP amplitude reaction control system.

Characteristics and Conclusions — Beta Pathology Indicator

Beta is the pathology indicator and is defined as;

L= AO A (5.26)
A, A
where Ag=TG 0.3 = Aos = Aos ,and A=TG 0.6 = Ay = A and B > 0 - negative reaction, f <0 —

reactie positive . (5.27). -3 the reaction coefficient o) e amplifier.
Talk v.fig 5.95 :

1. In Normal case: negative reaction to increased amplitude — adaptive control.
Threshold = 0.

2. In Neuropathy: Hem.DR requires 3 < 0 (positive compensation). Hem.STG has a non-
zero threshold.

3. In Epilepsy STG outbreak: § < 0 constant — generalized positive reaction, with no
threshold — Amplified arousal.

Conclusion:

It is necessary to use the size of the Beta B reaction coefficient as a direct indicator in the
analysis of neuronal pathologies that lead to direct effects on the control system of the
amplitude of the VEP signal.

5.11. Correlation analysis of VEP signals Pathological

5.11.1. VEP Amplitude Correlations to White Flash energies (0.3 J, 0.6 J, 1.2 J), for
Right Hemisphere and Left Hemisphere, Pathological case — Neuropathy. Treatment as
a whole.
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Fig 5.96 a,b. Amplitude correlation values of the VEP. Right Hem- up, Left Hem- down, Pathology, Neuropathy, White
Flash Stimulation 0.3.0.6.1.2 J.- after Stanciu Nicolae Stelian [221.1441— 2020

5.11.2. Latency correlations of VEP components to White Flash energies (0.3 J, 0.6 J, 1.2
J), for Right Hemisphere and Left Hemisphere, Pathological case — Neuropathy.
Treatment as a whole.
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Fig 5.97 .a,b. Latency correlation values of VEP components. Right Hem - up, Left Hem b- down,
Pathology, Neuropathy, White Flash Stimulation 0.3,0.6,1.2 J.- after Stanciu Nicolae Stelian [22] —
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Chapter 6. New fundamental phenomena of neuronal and neurocortical
activity

6.1. The model of the dependence of the VEP signal on the energy of Flash stimulation
and Adrian E.D.'s Law for White Flash stimulation (0.3 J, 0.6 J, 1.2 J), Left and Right

Hemisphere.
. Information and representations from [19], 2021 were used.
. A biophysical relationship was introduced for the approximation of the experimental

VEP, respecting the phenomena described by Adrian Edgar Douglas (1926) regarding the

excitation of the nerve fiber and the processes related to neuronal processing.

Thus we used for modeling the VEP relationship :
Exp[

1
x3 5
(a* Log[y]+ c)*—*[C’os[zz—(;rOx+ d}j +b
x

The terms of the experimental data estimation relationship have the following meanings :

a*Log [y]+ ¢ - (6.2) - It is a terinen that is related to the phenomenon of increasing the
frequency of nerve fiber discharges, which have the effect of a logarithmic increase in the
abundance of the signals recorded with the increase in the energy of stimulation y. It is a terrnen
that introduces the Adrian E.D law to Flash stirnulation. fiber related to the optical tract.

(6.1)

Fxp] X . . .
xp[x J - (6.3) - It is a compound term that actually contains two terrneni. The terrnen from

x
the numerator shows that there are X neural structs that due to the multitude of types. and the
large number of neurons that process information are structures that generate amplitudes of
higher electrical potential, compared to those whose number of neurons is small. Thus, the
neural structures of the RF will result in higher VEP processing than in the case of the CGL
structure. The exponential factor expresses the phenomenon of neuronal acquisition for rapid
signal processing, i.e. the phenomenon of neuronal recruitment.

Terinenul de la nurnitor 1 - (6.4) indicates the phenomenon described by Adrian E.D related
X

to adaptation to stinning. This term is taken into account, since there was no sinuultic excitation
at the various Flash energy values, and between the moments of stinulation with different Flash
energies there was a tennporal gap in which the adaptation of the nerve fiber took place.

[COSI: 27
200
indicates the oscillatory character of the winding curve of the distribution of the electrical
potential distributions with respect to the standard latency. The simultaneous existence of the
described phenomena is indicated by the operation of inultiplication between the terms that
enter into the definition of the fit model. Finally, the relationship that approximates the
experimental VEP is represented in 2D and 3D for the various energies of the Flash and the two
cerebral hemispheres.

Final observation: The model simultaneously integrates the phenomena of logarithmic growth,
neuronal recruitment, adaptation and oscillation. The relationship (6.1) approximates the
experimental VEP and is plotted (2D and 3D) for various Flash energies and both cerebral
hemispheres.

x+dD2_ (6.5) .It is a quadratic term that depends on standard latency. This term
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6.1.1. 3D comparative representation of VEP in logarithmic approximation, for the
Right Hemisphere (left fig.) and Left Hemisphere (right fig.), at White Flash 0.3-1.2 J

PEV aprox logaritmica Hem.Dreapta ¢u energia Flash 0.3-1.2 4 PEV aprox logaritmica Hem Stinga cu energia Flash 0.3.1.2 J
dupa Stanciu Nicclae Stelian [13] 2021 dupa Stanciv Nicolse Stefian [T3F 2027
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Fig 6.1.a,b. 3D comparative VEP representation in approx.logarithmic Hem.DR — a, left , and Hem STG — b,
right. Note It can be seen from the 3D maps that the form of the VEP signal for both Hem DR and Hem STG
is similar, being related to the logarithmic dependence of the amplitude as a function of the Flash stimulation
energy. however, being of the inhibitory type, the logarrhythmic function has a negative sign, the minus sign
showing that they oppose the excitation. There is also the retinal receptor system, which has included in its
operation an adaptive system to flash excitation, which can provide inhibitory or excitatory reactions. [13],[19]

6.1.2. Logarithmic dependence of VEP amplitudes on stimulation energy Flash,Hem. DR &
ST

Dependenta logaritmica a amplitudinilor componentelor Dependenta logaritmica a amplitudinilor componentelor
PEV Hem. Drept de energia de stimulare Flash PEV Hem. Sting de energia de stimulare Flash
0.3J,06J;1.2J 0.3J:06J;1.2J
dupa [74] 2007 dupa Ni Stefiam [14] 2007
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Fig. 6.2 Kogaritmic Dependence of VEP Amplitudes Hem DR - Left Fig and Hem STG - Right
Fig and White Flash Energy

Note. The neuro-functional links between the logarithmic dependencies of the amplitudes of the horns
generating VEP on the energy of Flash stimulation highlight the direct connection between them and
Adrian E.D.'s law. Right (see Fig left) as well as for Hem.Left (see Fig right). For both the excitatory
and inhibitory components, Adrian E.D.'s law can be applied, bearing in mind that the latter produce
a decrease in the excitation of the structure. In addition, there are retinal control systems with an
adaptive role that regulate the excitatory level of the retina.
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6.1.3. The model of the dependence of the amplitude of the VEP signal on the energy of
Flash stimulation and Adrian E.D.'s law for the Left Hemisphere [19]

a.4 . VEP Left Hemisphere to Flash Stimulation Energies:
0.3 J (Blue), 0.6 J (Green), 1.2 J (Red)
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Fig 6.6 VEP Hem.Sting signal at flash stimulation White 0.3 J (blue),0.6 J (green),1.2 J (red),obtained with the function
performed in the model of the dependence of the amplitude of the VEP components on the energy of flash stimulation
Nicolae Stelian Stanciu [13],[19]

a.5. Dependence of the Left Hemisphere Visual Evoked Potential on stimulation energy and
standard latency. 3D visualization variant.

Expresia modelului PEV in programul Mathematica este descrisa mai jos:
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Fig 6.7 VEP 3D Hem.Sting,standard latency and Adrian's law, adapted to Flash stimulation Nicolae Stelian Stanciu [13], [19]
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6.1.4. Model of the dependence of the VEP signal amplitude on the energy of Flash
stimulation and Adrian E.D.'s law for the Right Hemisphere [19]

b.4. VEP Hemisphere Right to Flash Stimulation Energies:
0.3 J (Blue), 0.6 J (Green), 1.2 J (Red)

3
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Plot [{4 .147218251586762 " + 1O .
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3
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Fig 6.11 VEP Signal Hem.Right to Flash Stimulation White 0.3 J (blue),0.6 J (green),1.2 J (red),obtained with the function
performed in the model of the dependence of the amplitude of the VEP components on the energy of flash stimulation
Nicolae Stelian Stanciu 2021 [13], [19]

b.5. Dependence of the Right Hemisphere Visually Evoked Potential on stimulation energy
and standard latency. 3D view variant
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Fig 6.12 VEP 3D Hem.Straight, standard latency and Adrian's law, adapted to Flash stimulation Nicolae Stelian Stanciu [13],
[19]
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6.1.6. Conclusions on the VEP model in the Adrian E.D. approximation.

The VEP fit model validates the experimental data through terms that describe:

. Neural adaptation
. Neural recruitment
. The model supports Adrian E.D.'s law regarding the logarithmic increase of the

amplitude of impulses with the intensity of stimulation.

. The standard latency variable is used as a parameter. The model represents the winding of
the distribution of electrical potential on the CRGC—CRC and CRRC pathways, recorded
at the neocortical level (zones 17, 18 bilateral occipital O1 and O2).

. The model uses average values of the amplitudes of the VEP components.

. The fit curve was achieved through multiple trials (2012), revised and improved (2020—
2021).

. The structural and functional correspondence between the nerve fibers studied by Adrian

E.D. (plantar, tibial) and the optic nerve is highlighted.

. The model shows the existence of a well-defined functional unit at the level of nerve fiber
transmission, which links the VEP signal to the recruitment and attenuation phenomena,
according to the physiological law described by Adrian Edgar Douglas

6.2. The relationship between the phenomenon of interhemispheric correlation and the
amplitude of the VEP signal

6.2.1. Objectives

. Establishing an empirical relationship between the parameters of mean interhemispheric
correlation (amplitude and latency) and the energy of flash stimulation.

. Correlation of these parameters with the amplitude of the VEP signal under optimal
stimulation conditions (0.6 J).

6.2.2. Way of working

1 Use of experimental values of interhemispheric correlation for amplitudes.

2 Use of experimental values of interhemispheric correlation for latencies.

3. Reference to the VEP obtained at optimal stimulation (0.6 J).

4 Application of several empirical models to unite the correlation values with the VEP
amplitude.

5. Analysis of optimization of the empirical relationship, calculation of extremes and

establishment of relationships between parameters.

6. Conclusions regarding the connection between the linearity of amplitudes/latencies and
the shape of the VEP signal.

6.2.3. Experimental Date

. Interhemispheric correlation values for amplitudes and latencies of VEP components.

. Obtaining the dependency function between these parameters and the average value Left—
Right Hemisphere at White Flash 0.6 J.
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Table 6.1 — Interhemispheric correlations for amplitude and latency, VEP obtained by the
formula of correlations vs. experimental VEP.

Legatura dintre formula corelatiilor de amplit si latenta si Amplit PEYV
Latent Standard ms
Corr InterHem Amplit Corr InterHem Latent PEV EXPERIM PEV VAR TEOR FORM APROX EROR % corr PEV exp si PEV teor
20 |__oe2rsiozer ] — 1 7604766667 (BRSO OARNIEASIIREEA] 26 2166 0 800716523
40 0501801424 3 097155 5 054665234 63.2035
50 0641596994 7.245268938 B 133703_43 -15.3419
70 0.602637156 4 1521625 5.722755878 37.82594
100 0364502582 4 56747635 4 937579022 8.103001
150 0.823690453 Q77477 9 913000569 1414157
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Table 6.2 — Interhemispheric correlations for amplitude and latency and VEP obtained by the
formula of interhemispheric correlations, case Normal.
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6.2.4. Comparison between experimental and VEP obtained by the formula of
interhemispheric correlations
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Fig 6.14. VEP obtained by the formula of interhemispheric
correlations of Amplitudes and Latencies. Note. The similarity
of the shapes associated with the graphs made by
approximations of the raw experimental data of VEP and those
obtained by the theoretical function of the interhemispheric
correlation of VEP is observed, for the entire range of standard
latency values, between 10 — 225 ms, in a polynomial
representation of grd.6 . Moreover, the numerical values
associated with these representations are very close to each
other for the domain associated with the CRRC secondary
paths. This shows that there is a direct link between the
generation of VEP in the brain structures specific to the visual
analyzer and the level of interhemispheric correlation of the
amplitudes and latencies of this signal.

6.2.6. VEP formula with interhemispheric correlation values

RS ahas 5 w13 3BE3 _ 45 _ 49152894

X1 =VAL. CORR INTERHEMISPHERICE AMPLITUDE
X2 =VAL. INTERHEMISPHERIC CORR LATENCY

Note It is observed that there are various domains of the correlation values of amplitudes and latencies on which the amplitude

of the VEP depends.

1) the correlations of amplitude and interhemispheric latencies are simultaneously positive of high value, then VEP
increases in amplitude.

2) the amplitude correlations are negative with high values and the latency correlations are positive, simultaneously, then
the VEP decreases in amplitude.

3) the correlations of either amplitudes or latencies have a value of 0, the value of the VEP amplitude is unchanged in

the value of 4.73 microvolts. This fact occurs when the dependence between the amplitudes and latencies of the signals

on the two hemispheres is of the nonlinear type.
The VEP function shows that the value of the level of positive correlations on the two simultaneously conditioned hemispheres
leads to an increase in the value of the VEP, and the existence of the negative interhemispheric correlation indicates that the
VEP decreases in amplitude. The relationship of function also shows that the amplitude of VEP depends on the nonlinearity
of the electrical activity and the phenomenon of the electrical signal conduction in the two cerebral hemispheres. [13] 2021
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6.2.8 3D representation of the fit curve of the obtained VEP with the interhemispheric
correlation values of amplitudes and latencies

*1x2
Plot3D|4.73- W’ {x1, @y 1}, {x2, @, 1}, ViewPoint -» {-4.000, -1.480, 2.070},
KIS -2 - x

ColorFunction -+ Hue, FaceGrids -+ All, AxesLabel + {"Corel Amp Interhem”, "Corel Lat Interhem”, "Ampl PEV -formula [orel“}]

Anpl PLV - formala Coxel

Corel Lav Inverhen o

Fig 6.16 3D representation of the fit curve of VEP val.de interhemispheric correlation of amplitudes and
latencies, left-frontal view, right-side view, —Stanciu Nicolae Stelian [13] 2021

6.2.10. Conclusions on the empirical link established between the formula of
interhemispheric correlations and the formation of VEP

. If the interhemispheric correlation (amplitude and latency) is maximum — the VEP
conduction process is linear, and the VEP amplitude is minimal.

. There is a threshold of the VEP amplitude associated with the interhemispheric non-
correlation state, the maximum value being 4.734959490190364 puV.

. Overlapping states with different degrees of non-correlation — increasing the VEP
amplitude.

. The maximum value is obtained when the interhemispheric correlations of amplitude and

latency = 1 — the processing and conduction systems behave as linear systems.
Overall conclusion
The VEP signal is closely dependent on the mode of interhemispheric correlation:

. Correlation of latencies — synchronization of the transmission of electrical signals. the
same speed of transmission of electrical signal on the conduction paths for the two hemispheres)

. Correlation of amplitudes — similarity of signal shape between the two hemispheres. The
same speed of neuronal recruitment to structures of the same type, located on the transmission
pathways, in the two cerebral hemispheres)

Both conditions simultaneously met for the transmission of the electrical signal on the
hemispherical conduction paths, lead to the generation of VEP without deficiencies and to the
optimal processing of information in the occipital area.
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6.3. VEP Reaction Amplification System
Reaction Amplifier Electrical System

| SCHEMA BLOC A AMPLIFICATORULUI CU REACTIE

AMPLIFICATOR DE BAZA
CIRCIIT DE CIRCUIT DE
ESANTIONARE

o

commnarar

CIRCUIT DE REACTIE

Fig. 6.21 Block diagram of the reaction amplifier — Stanciu Nicolae Stelian [36]
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{6.3.2. Data extrapolation

In order to obtain the numerical values of the amplitude of the VEP components at the stimulation
of very low energy value — mesoptic vision, the data of the VEP amplitudes obtained at the
stimulation values of 0.3 J, 0.6 J, 1.2 J are extrapolated for the stimulation value of 0 J.
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Fig 6.22 a,b The FORECAST function and steps in its use..a - the introduction of the FORCAST
function, v.up and b — the result of the FORCAST function, v.down. Stanciu Nicolae Stelian 2024

6.3.4. Dependence of the Reaction Coefficient on the components of VEP, Hem, DR and
Hem. STG, Standard Latency and Energy Stimulation White Flash
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Fig 6.23 a,b . Dependence of the reaction coefficient of VEP Hem DR components on Standard Latency and Flash Energy
—a - Col STG / Dependence of the reaction coefficient of VEV Hem STG components on Standard Latency and Flash
Energy — b - Col. DR-SUS depending on Flash energy and LOW depending on the latency of VEP components. Approx.linear
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6.4 Visually evoked potential, effect of subcortical, cortical and neocortical activities, in
Gauss approximation of the components

6.4.1. Purpose of the paper

The purpose of the paper is to highlight the fact that the VEP signal appears as a result of the
superimposition of the electrical activities of the neuronal structures existing on the transmission
pathways of the electrical signal coming from the retinal receptor, up to the level of the RF and
the hippocampus, but also to highlight the fact that VEP is the result of a probabilistic electrical
activity existing within each neuronal structure generating VEP signal components that are
associated with systems with normal.. In addition, I would like to show that even if VEP is the
result of a neural activity, this activity fulfills a very well-defined role in obtaining the visual signal
and deleting the distortions and interferences that occur in the transport, ana; and signal processing
and obtaining the accuracy of visual information.

6.4.2. Working method

The decomposition of the VEP signal is performed, in the form of sequences of Gauss-type
functions, which have their maximum values at the points of the transport path that are associated
with the specific standard latencies. It takes into account the law of Adrian E.D. which refers to
the relationship between the amplitude of the signal and the level of stimulation, treated by the
undersigned in Scientific Report No. 5

Work with the Mathematica application (approx. ord.5) and obtain the value of the VEP amplitude
of type

2 2
1.6532 (2.7942°+3 € wo V7m4g/s eas ™ Vmyp ems ™ V1) (095781 + 0.12487 Log[y])
where y is the flash stimulation energy, and x is the standard latency. (6.15)

6.4.3. VEP representations

(A-at0.3J,0.6J,1.2 J, B - on generator neuronal components - function of lat. Stand.,
C - reprez. 3D function of the logarithm of flash stimulation).

Figure 6.25 Representation of VEP expressions at 0.3 J,0.6J, 1.2 ]

B. Figure 6.26 The VEP components considered as Gaussian electrical voltage distributions overlapping
on the latency axis forming the VEP signal, is represented below for VEP 0.6 J

INAY N\

1 1
50 100 150

figura 6,25 figura 6.26
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C. Figure 6.27 Representation of VEP expression taking into account the logarithm of stimulation for
flash stimulation values ganging from 0.3 J, - 1.2 J in Figure 3D, v.bottom, a-side, b-top

10,0 T

[T 14

Fig 6.27,a,b

a- left, - lateral
b-  right,-top

6.4.4. Obtaining the differential equation that characterizes the VEP signal and the
electrical generating system of the VEP

Taking the relation VEP (6.15) as the solution of the differential equation
y?’+ay’+by +cy =0, (6.17)

a system of equations is obtained that have as solution a, b, c that satisfy the given equation (approx ord 5)

{{a->2.42794,b->0.47403,c->0.00263} }

values that introduced in the relation of the expression of the VEP equation, lead to obtaining the
differential equation of VEP

DIFFERENTIAL EQUATION WHICH DESCRIBES VEP - 02.03.2025 Stanciu Nicolae Stelian [121,[13]
-y ray' ' +by +cy =0 /. {a+2.4279437076528025" , b + 0.474033098570666337 , ¢ + B.00263355737594036" }

- @.BB263356 y + B.474033 v + 2.42704y" + 1P a0 (6.18)

Fig 6.2.7,c . Circuit Generator VEP [46],[47] modif,Stanciu N.S 2025

Analyzing the differential equation of VEP, described above, it is found e oo, oo, X J Frommre
that it describes complex electrical phenomena associated with a series v ; % :
R, L, C circuit to which a nonlinear system or component is linked - | %%
e.g. diode type, amplifier or amplifier system, oscillator system. If the
nonlinear element is not taken into account, then it can be considered
for a system of type R,L,C in transient regime — at discharge
on capacity C, when the discharge is made periodically, the voltage

measured on it, which respects the differential equation

ay’+by +c=0 (6..19)

spindrii
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where a = LC =1/W0 2 where W0 = 1/[LC]%’ is the pulsation (6.20)

b =10 is the capacitor discharge time. Value results, L =2.42 HR =0.474 Q, ,

C=1/c=379.71 F,1=RC = 179,99 s, @ = 1/ (LC)** = 0.033 rad/s,vo = 0.005255 Hz, To= 190 s = 1, R¢
=(L/C)*=0.07983 Q,Q=R/R =0.1684, iar d = 1/Q = 5.9382.

Tipuri de elemente non linear conexe circuit R,L,C
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Chapter 7 — Program for the diagnosis of neuropsychiatric pathology

Neuropsyhical Diagnose Application
Designed and manufactured by Stud. Drd. Stanciu Nicolae Stelian, 2025

7.1. Purpose of use of the program and stage of implementation

. Highlighting the cortical areas with normal or pathological functioning, in states of:

. visual rest (stand-by),

. flash stimulation,

. successive rest-flash regime.

. Analysis by frequency ranges: A, O, a, B, BHF (separately or globally, 0-62 Hz).

. The program is at an early stage, but can be developed by introducing new ones.
pathology indicators.

7.2. Method of implementation

. The program is a succession of VBA algorithms, organized into macro-sequences.

. Uses predefined Excel functions (Summa, Correlation, Selection, Elimination) and
complex logical functions (IF, OR, AND, EQUAL).

. Conditional mathematical operations define specific coefficients.

. The results are tabulated and represented in the form of 2D maps, estimating the intensity

normal or pathological activity.
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7.3. How it works

. Probabilistic comparison of the similarity of the power correlation coefficient sign
EEG ponderate.

. Analysis on 19 cortical areas and on each frequency range.

. Classification in the Normal category (1020 cases) is made in compliance with:

1. cantitative limit (Media, Stdev, CV, R),

2 social criteria (responsibility, vigilance, attention, professionalism, adaptability,

emotional maturity).

7.4. Stages of implementation of the programme

The program has 12 successive stages. Example:

. Stage 1 — initialization,

. Stage 2 — primary processing,

. Stage 4 — selection,

. Steps 5—6 — calculation of coefficients,

. Stages 11-12 — generating the map variant A.

There are 12 stages in the implementation of the program, numbered from 1 to 12. Example below.

Stage nr 1 Stage nr 2

s 205 1 ' ar®

Stage nr 4 Stage nr 5-6
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7.6. Neuropsyhical Diagnose Application — Software Schema
Rest and Flash — Nicolae Stelian Stanciu 2025

NORMAL

1. NUMERICAL DATA
NORMAL

(0-62Hz,1-19 ZONE)

2.JLOAD NUMERICAL DATA
NORMAL

(AlelalBIBHF)

3.NUMERICAL DATA ZONAL
CORRELATION
NORMAL
(8,8,0,B,BHF)

4. PROBABILITY SIMILARITY SIGN
ZONAL CORRELATION

PATHOLOGIC-NORMAL
(4,6,a,8,BHF-DISTINCT DOMAINS)

5.PROBABILITY SIMILARITY SIGN
ZONAL CORRELATION

PATHOLOGIC-NORMAL
(4,8,0,8,BHF -INTEGRAL DOM.(0-
62Hz)

P=aBEP PR

PATHOLOGIC

1’. NUMERICAL DATA

PATHOLOGIC

(0-62Hz,1-19 ZONE)

2’.LOAD NUMERICAL DATA
PATHOLOGIC

(4,6,a,B,BHF)

3’. NUMERICAL DATA ZONAL
CORRELATION
PATHOLOGIC
(AlelaIBIBHF)

4’.PROBABILITY OF NON-
SIMILARITY SIGN ZONAL
CORRELATION

PATHOLOGIC-NORMAL
(A,06,0,B8,BHF-DISTINCT DOMAINS)

5’.PROBABILITY OF NON-
SIMILARITY SIGN ZONAL
CORRELATION

PATHOLOGIC-NORMAL
(4,6,a,B,BHF -INTEGRAL DOM.

0-62Hz

6.TABULATION PROBABILITY
SIMILARITY SIGN ZONAL CORRELATION

PATHOLOGIC-NORMAL
(INTEGRAL DOM 0-62Hz)

MAP 2D = PATHOLOGIC ACTIVITY

6’. TABULATION PROBABILITY OF NON-
SIMILARITY SIGN ZONAL CORRELATION

PATHOLOGIC-NORMAL
(.INTEGRAL DOM -0-62Hz)
MAP 2D = NORMAL ACTIVITY

7.COMPARISON OF NORMAL-PATHOLOGICAL CORTICAL ACTIVITY
PERCENTAGE RATIO OF PROBABILITY R.P.P

8.2D TABULAR AND MAP
DETECTION OF CORTICAL AREAS WITH PATHOLOGICAL ACTIVITY

Fig. 7.3 Software Schema Neuropsihical Diagnose — Stanciu Nicolae Stelian 2024
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7.7. Usefulness of the program

Narrow frequency ranges — greater accuracy in detecting pathological areas.

Analysis on Normal-Pathological brain components, either singular or on average values.
The possibility of expanding the database for normal and pathological cases.
Comparison of data between various pathologies, at rest and Flash stimulation.

Analysis by distinct fields or by the integral field of frequency.

Determination of the evolution of the pathology over time — establishing the stage of the
disease.

The possibility of highlighting psychiatric pathologies by the R coefficient (EEG
reactivity).

Development of the program through new modules for:

Clinical activities,

Analysis of wakefulness, sleep or dreaming, or creative activities
Evaluation of neocortical activity in various emotional states.

Chapter 8 — Conclusions

8.1. Results obtained. General conclusions

The work is based on current clinical realities, especially in neuropsychiatric pathologies
at the center of world medical research. They are increasingly influencing mental and social
health, having a major impact on future human development.

The doctoral thesis brings elements of scientific novelty, intended for both specialized
medical professionals and electrical engineers, providing support for the development of
modern clinical technologies.

The paper describes for the first time the neuropsychiatric pathology through the prism of
the electrical phenomenon associated with neuronal processes and cortical activity, going
beyond the limits of the usual electroencephalographic clinical study.

The analysis includes the area of very high frequencies (BHF), highlighting specific
markers of both neurological and psychiatric pathology.

The proposed goal is achieved through the use of new methods and techniques of clinical
investigation, applied in the context of the initiated research.

The paper develops an innovative way of detecting the foundation of pathology, using the
electrical and biophysical description, complementing and supporting the current
biological and biochemical descriptions of deficient neuronal activities.

The main contribution consists in the integration of the biophysical and electrical approach
in the analysis of neuropsychiatric pathologies, strengthening the approach of preserving
individual and social health.
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8.2. Personal and original contributions in the doctoral thesis thesis

The work is a strictly personal one, resulting from the research activity carried out as a collaborator
of the neurophysiology laboratory, aiming to support patients with neurological and
neuropsychiatric pathologies. The original contributions consist in the realization and development
of methods, maps and models of EEG analysis, summarized below:

Major contributions

1. Creation of EEG zonal relative power maps for Clinical, BHF and Integral frequency
domains.
2. EEG weighted electrical power spectrum (0—62 Hz), depending on the cortical area, in

Rest and Flash states, Normal case.

EEG Weighted Electrical Power Density (0—-62 Hz), Sleep and Flash, Normal.

EEG autocorrelation functions on cortical areas, Rest and Flash, Normal.

Weighted EEG spectrum (0-62 Hz), Rest and Flash, S.O.C. case

Weighted EEG spectrum and frequency of activity (0-62 Hz), zonal mean, for cases
Normal and Pathological (OCD, Bipolar, Alzheimer's, Schizophrenia, Autism).
Time-weighted, frequency, and cortical area weighted EEG power wave, Normal.

R neuronal reactivity to Flash stimulation, Normal cases.

Cortical reactivity to Flash stimulation, Normal case (R coefficient).

10.  Average weighted power spectrum at Rest and Flash, depending on cortical areas and

ANl

o ©

average frequency.

11. Weighted EEG relative variation, frequency function and cortical area, Normal.

12. Probability of increase/decrease of the relative EEG variation at Flash—Rest, Normal
case, on the Delta, Theta, Alpha, Beta, BHF domains.

13—17. Mapping and statistical distributions of EEG relative variation at Flash—Rest, by cortical
areas and frequency domains (Normal, BHF).

18—19. The phenomenon of decreased EEG power weighted by Flash stimulation in the Alpha
Clinical domain (9.25-10.25 Hz).

20-23. Neuronal Reactivity to Flash Stimulation in Pathological Cases (Schizophrenia). EEG
mapping and relative variations on cortical areas.

24-26. Neuronal reactivity to Flash stimulation in Alzheimer's cases. EEG mapping and relative
variations on cortical areas.

27.  Neuronal reactivity R to Flash stimulation as an indicator of normal or pathological
functional states.

28-32. Functions and approximation curves of neuronal reactivity, EEG relative variation and
standard deviation (Rest—Flash).

33.  Demonstration of the relationship between the correlation coefficient and the parameters
of linear regression (own contribution at the beginning of doctoral studies).
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34-41 EEG zonal correlation analysis:

. characteristics,

. oscillator behavior,

. decreasing the values of the correlation with the distance from the activating area,
. Zonal correlation spectra,

. Spatial restriction to Flash,

. the phenomenon of rotation of correlation values (T3-T4 area),

. CV coefficient of EEG zonal correlation value (0-65 Hz).

The values of contributions

. The paper introduces new methods of EEG analysis (mapping, relative variations,
neuronal reactivity).

. Highlights specific markers for major pathologies (OCD, Bipolar, Alzheimer's,
Schizophrenia, Autism).

. Demonstrates functional relationships between correlation and regression, strengthening
the mathematical foundation of EEG analysis.

. Integrates the clinical-biophysical—electrical approach, providing an innovative

framework for diagnosis and research.

Phenomenology of EEG and VEP correlation

42.  Decreasing the mean value of the correlation of the frontal zonal relative power as a
function of the distance from the cortical activating area, case Normal.

43.  Decreasing the value of the zonal EEG correlation and decreasing the standard deviation
of Flash from Rest, Pathological case — Bipolar Syndrome.

44.  Similar phenomenon, Pathological case — Obsessive Compulsive Syndrome (OCS).

45. Similar phenomenon, Pathological case — Schizophrenia.

46. Similar phenomenon, Pathological case — Alzheimer's disease.

EEG mapping and characteristics

47. Mapping — autocorrelation functions on cortical areas, Rest and Flash, Normal.
48. General characteristics of the EEG zonal correlation phenomenon.
49. Mapping — the correlation of weighted electrical power associated with the cortical areas,

Normal, Rest and Flash, on the Clinical, BHF, Integral domains.

50.  Mapping — zonal EEG correlation, pathological cases (S.0.C, Alzheimer's,
Schizophrenia), Rest and Flash, on Clinical, BHF, Integral domains.

51.  Mapping — weighted EEG correlation associated with cortical frequencies, Rest and
Flash, Clinical, BHF, Integral, Normal domains.
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Mapping — weighted EEG correlation associated with cortical frequencies, Pathological
case — S.0.C.

Mapping — weighted EEG correlation associated with cortical frequencies, Pathological
case — Autism.

Mapping — weighted EEG correlation associated with cortical frequencies, Pathological
case — Alzheimer's.

Mapping — weighted EEG correlation associated with cortical frequencies, Pathological
case — Schizophrenia.

VEP Analysis — Normal and Pathological

56.

57.

58.

59.

60.

61.

62.

63.
64.

VEP correlation analysis — amplitude and latency at White Flash energies (0.3 J, 0.6 J,
1.2 J), Right and Left Hemisphere, Normal.

The model of the dependence of the VEP signal on the energy of Flash stimulation and
Adrian E.D.'s law, for both hemispheres.

Correlation analysis between the amplitudes of the VEP components, mean Left-Right
Hemisphere, Normal.

VEP amplitudes and latencies at White Flash energies (0.3 J, 0.6 J, 1.2 J), Pathological
case — Neuropathy.

VEP amplitudes and latencies at the same energies, with the calculation of the Beta
coefficient, Normal cases, Neuropathy, Epilepsy focus Left Hemisphere.

Reaction system for controlling VEP amplitude — Beta coefficient as pathology index.
Correlations of VEP amplitude to White Flash energies, Pathological case — Neuropathy.
Correlations of VEP latency to White Flash energies, Pathological case — Neuropathy.
The relationship between the interhemispheric correlation and the VEP amplitude —
obtaining the relationship between Corr Amplitude and Corr Latency, at the maximum
value of the VEP amplitude.

Electrical and biophysical modeling of VEP

65.
66.

67.

68.

69.

VEP's Reaction Amplification System.

The dependence of the reaction coefficient of the VEP components (Hem. Right and
Left) by standard latency and stimulation energy.

VEP as an effect of subcortical, cortical and neocortical activities — Gaussian
approximation.

Obtaining the differential equation characteristic of the VEP signal and the generating
electrical system.

Determination of the equivalent electrical assembly associated with the visual system
generating VEP.
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Software applications and new indicators

70. Program for the diagnosis of neuropsychiatric pathology (Neuropsychical Diagnose
Application).

71. The author's introduction of new coefficients for highlighting and diagnosing
neurophysiological pathologies: R, N, Beta, [.N.C.

Added value of contributions (42-71)

. Extension of EEG and VEP analysis to multiple major pathologies (Bipolar, O.S.C,
Schizophrenia, Alzheimer's, Autism).

. Development of complex mappings for zonal, frequency and interhemispheric correlations.

. Introduction of the Beta coefficient as a direct indicator of pathology.

. Modeling of VEP by differential equations and equivalent electrical systems (RLC +
nonlinear elements).

. Creation of a neuropsychiatric diagnostic software program, with VBA algorithms and 2D
maps.

. DefEmition of new original coefficients (R, N, Beta, I.N.C.) for differentiated neurological-

psychiatric diagnosis.
Elements of scientific novelty — structuring by chapters
Chapter 4 — Fundamental phenomena of cerebral electrical activity

Weighted power distribution by zonal cortical domains.

Weighted power distribution in relation to the Flash stimulation energy.
Weighted power distribution by frequency domains.

Weighted power distribution by time domains.

Weighted power distribution by functional categories (Normal vs. Pathological).

AR

The oscillatory character of the wave type, depending on the frequency of activity and the

cortical area.

The relative variation of weighted power (Reactivity) at Normal and Pathological.

Reactivity depending on frequency, cortical areas and temporal range.

Analysis of the R function — types of functions involved in approximation curves.

10. The wave of the relative variation of power weighted over time, depending on the standard
angle and frequency (Clinical, Normal).

11. The wave of the standard deviation of the relative change in weighted power at rest and

Flash.

o © N

Chapter 5 — EEG and VEP correlations

1. The oscillatory character of the zonal EEG correlation with the frequency of cortical
activity (Normal).
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11.
12.
13.
14.
15.
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The phenomenon of decreasing the zonal EEG correlation as a function of the distance
from the activating area (Clinical, Normal).

Decreasing the correlation coefficient depending on the distance between the active area
and the correlated area (Clinic and BHF, Normal).

The phenomenon of rotation of the values of the zonal EEG correlation in relation to the
central area T3-T4, at Flash and Rest, with the decrease of the standard deviation
(Normal).

Decreasing the mean value of the zonal EEG correlation with distance, both in Normal
and Pathological.

Zonal EEG correlation — characteristics, description by cortical spatial mapping.
Cortical spatial mapping of the zonal EEG correlation (Normal, 0-62 Hz).

Weighted EEG correlation associated with cortical activity frequencies (Normal and
Pathological).

Level of functional pathology — functional scattering coefficient.

Compensating effect of the correlation (Normal vs. Pathological).

VEP correlation analysis.

Correlation of amplitudes of VEP components.

Correlation of VEP component latencies.

VEP amplitude and latency, Pathological case.

Comparison of VEP amplitude and Beta coefficient (Normal, Neuropathy, Epilepsy,
Hem. Left). Pathology indicator Beta.

Chapter 6 — Biophysical models and approximations of the VEP

II
III
v

Model of the dependence of the amplitude of the VEP signal on the energy of Flash
stimulation and Adrian's Law E.D. (0.3 J, 0.6 J, 1.2 J, Left and Right Hemisphere).
Relationship between interhemispheric correlation and VEP signal amplitude.

The VEP Reaction Amplification System — the electrical system of the amplifier.

VEP as an effect of subcortical, cortical and neocortical activities — Gaussian
approximation of the components.

Chapter 7 — Program for Neuropsychiatric Diagnosis

a.

o a0 o

Development of the Neuropsychical Diagnosis Application for highlighting neuronal and
neuropsychiatric pathologies.

Introduction of new original coefficients for differentiated diagnosis:

R — index of neuronal reactivity (depending on the frequency of activity).

N — pathology scattering index.

BETA - reaction coefficient in the amplification system with reaction of neuronal
sensitivity to Flash stimulation.

LN.C. — indice de necompensare a valorilor de corelatie.
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The value of scientific novelty

1. The thesis introduces new fundamental phenomena in the analysis of cerebral electrical
activity.

2. It extends the study of EEG and VEP through spatial mapping, interhemispheric
correlations and biophysical models.

3. It proposes original indicators (R, N, Beta, I.N.C.) for differentiated neurological-
psychiatric diagnosis.

4. It integrates the electrical and biophysical approach with clinical analysis, providing an
innovative framework for research and practical engineering application.

8.3. Personal and original contributions through scientific publication activity

The author of this doctoral thesis has a continuous scientific activity, materialized in works
published over the years, which reflect the evolution of research and original contributions in the
field of neurophysiology and neuronal biophysics.

List of published works

l. EEG signal correlation analysis in Normal or Pathological cases, Vol. 1 — Estfalia
Publishing House, 2020 (forthcoming, 2025).

2. An electrical engineering perspective on neuromodulation. Characteristic of the magnetic

stimulation procedure — U.P.B. Sci Bull, Serie C, Vol. 86, Iss. 4, 2024.

3. Correlation of electric EEG and VEP Signals in Normal Neuro-Physiological Brain
Activity — Springer Nature, IFMBE Proceedings, Meditech 2000, 2022.

4. Correlation Analysis of the EEG Signals in Normal and Pathological Cases — IEEE, 12th
International Symposium on Advanced Topics in Electrical Engineering (ATEE), 2021.

5. Features of the Electrical Cortical Signal in Steady State and in White Flash Stimulation —
IEEE, 11th International Symposium on Advanced Topics in Electrical Engineering
(ATEE), 2019.

6. Biophysics of Neuronal Excitation — Estfalia Publishing House, 2017-2018.

7. Biophysical aspects of the propagation of nerve influx in the visual system — Estfalia
Publishing House, 2013-2015.

8. Biophysical features of the VEP — European Biophysics Journal, EBSA & British
Biophysical Society Congress, London, 2007, Springer.

9. Biophysical features of the VEP — UMF Carol Davila, National Conference of Biophysics,
Bucuresti, 2007.

10.  Coherence between neocortical areas electrical activity recorded in Monopolar and Source
derivation — Romanian Journal of Neurology, Romanian Academy, 2006.
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8.4. Prospects for further development

The current work constitutes a foundation for future developments in the field of description and
highlighting of neuropsychiatric pathologies. It is not exhaustive, but opens up research
directions that can be deepened and extended by new methods and techniques.

Future development directions

1. Extension of the database for Normal and Pathological cases.

2. Analysis and refinement of pathology markers, in order to increase the accuracy in
detecting and staging the disease.

3. Development of mathematical and biophysical methods for the analysis of electrical

phenomena, in order to understand in detail the neuropsychiatric pathological processes.
4. Elaboration of electrical assemblies according to theoretical models, capable of evading
pathology by invasive or non-invasive methods.

5. Development of the Neuropsychical Diagnosis program for the analysis of other cortical
states:

. Normal: emotional states, dream states;

. Pathological: confusional states, derealization, mania, schizophrenic delirium.

6. Integration of the study of VEP amplitudes and latencies and their correlations in the

diagnostic program.

7. Incorporation of the original coefficients (R, N, BETA, ILN.C.) in the new form of the
Neuropsychical Diagnosis program, in order to increase the resolution and effectiveness of
the diagnosis of the affected cortical areas.

The value of these insights

. They ensure the continuity of research and open up new possibilities for differentiated
diagnosis.

. Integrates the clinical-biophysical-electrical approach with software applications and
experimental models.

. Contributes to the development of innovative tools for the detection and treatment of

neuropsychiatric pathologies.
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