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STATISTICAL METHODS OF THE STUDY OF THFE MECHANISMS OF THE RELIABILITY

OF THE BRAIN OF MAN.,

L. P. Pavlova, A. F. Romanenko, G. A. Sergeyev

Under the reliability of man we will understand his ability to the

execution of the placed assignment during the specific time with the

effectiveness, not less assigned.

The specific characteristics of reliatility must be determined

on the basis of strict differentiation of the specific forms of
mental or physical activity, since this condition will determine the

selection of adequate mathematical apparatus. If the problem of

reliability and effectiveness of the physical forms of the Work of
man is solVed by the methods of engineering psychologye. then the
specific character of mental work requires the knowledge of the

FTD-ID(RS)T-0254~77
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dynamic parameters of the brain, examine/considered in the form

dynamic nonstationary systen.

During the construction of the adequate informational model of
brain as the basis is embedded the hypothesis aktout the determined or
probabilistic character/nature of its reactions to input signals. The
probabilistic model of brain widely used in the theory of
perceptrons, but the degree of the constructiveness of th2se models
proves to be the insufficient for the solution cf the problem of

operational monitoring reliability of the brain of man.

This leads to the need for its improvement by the attraction of
the hypotheses, which simultaneously consider the deterained and
probabilistic character/nature of the informaticnal moisl of brain.
As adequate matha2matical apparatus in this case can be utilized the
theory of multidimensional unsteady random functions. In the present
work we will pause at some results of the experimental study of the

determined-probabilistic model of brain.

Properties of the informational model of brain. Th2 model of

brain in the form of multidimensional unsteady dynamic system must
consider its separate discrete states, reflected by redistribution in
the time/temporary and space coordinates of the local centers of the

electric activity of brain. judgnent abc ° the degree of the olectric

FTD-ID(RS)T-0254=77
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activity of the determined section of brain can be obtained on the
basis of electroencephalogram. In this case the degree of the spatial
resolution of the relief of the generated by brain electric field
with the aid of EEG turns out to be insufficient for the study of the
reactions of separate neurons in view of the presence of the effect
of integration subsequently it is assumed that the
electroencephalogram reflects only the time/temporary properties of
certain sufficient extensive group of neurons - neuron ensembles. By
experimental studies established/installed,that to one level or the
other of the work of brain in operator work are characteristic the
determined combinations in the character/nature of the redistribution
of the electric activity of the local-distributed centers of
front/leading and posterior brain, and also the left and riqght of the
hemispheres of the cerebral cortex of man (Pavlov, Sergey, 1964a, b).
As the indicator, which considers the measure Of the asymmetry
tetween the symmetrical centers of the left and right hemispheres can
be utilized the informational parameter which presents the ratio of
the product of the sum of intervals of correlation by the dispersion

of biopotentials of all removal/diversions of one hemisphere to the

appropriate value of the product of the sum of intervals of
correlation by the dispersion of the symmetrical removal/diversions

of another hemisphere (Sergeys, etc., 1964).

Page 155.
FTD=-ID(RS)T=0254=77
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This indicator is sufficiently stable on the moderate phases of

mentai fatigue of man.

The numerous facts, accumulated by contemporary physiology,

the

confirm academician A. A. Ukhtomskiy's position (1950) about the fact

that the basic operating unit of train are the forming mobile/motjle

neuron ensembles or the constellations (constellation) of the nerve

centers, which storesadd up according tc the principle of dominant.

The principle of dominant provides the unity of operation and

the unidirectionalism of the operation of organism, and special

importance it acquires in urlocking the mechanisms of th2 reliability

of the brain of man.

The formation of the constellation of the nerve centers

occur/flow/lasts over known laws - mastering working rhythm or

synchronization in the activity of separate neurons because of

increase, either a decrease in the level of the current activity,

characterized in physiology by the parameter of lability or

functional mobility. The phenomenon of mastering rhythm is the basis

of the motor and mental skills of man (Vinogradov, 1958) it finds its

expression in the frequency shifts of the biovotentials of brain
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therefore becomes important the autopsy of the informational

structure of the process of excitation as a whole brain.

A whole saries of facts confirms the representation of the
stochastic principle of the organizaticn of neuron ensembles
(Rosenthal, 1961, Ashby, 1962; Kautman a oth., 1963, etc.). The
spontaneous electric activity of brain is characterized by the
variable in time parameters, which reflects the process of the
selective reaction of the sections of brain by stimulations (Kogan,

Chorayan) and also the phenomenon of functional substitutions in

costellations of the nerve centers (Pavlov, 1963). The last/latter

phenosenon by us directly is joined with the mechanisms of the
reliability of brain (Pavlov, Sergey, 19684a) on the basis of the

principle of active rest, according to Sechenov (Pavlov, Sergey,

1964b) .

It is shown, that the autopsy of the mechanisms of the work of
brain is possible by the current statistical interpretation EEG under
the conditjon of the time/temporary resolution of analyzed processes
within the limits of the phase of the excited state of nauron
ensembles, In this case mathematical model EEG is examined in the

form of the sample of local-unsteady random process.

The mean time of the phase of the active mode of neuron ensemble
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is 0.2 s. The requirement for the effectivcness of the statistical
analysis of the biopotentials of brain in principle is attained only

with the aid of the substances for electronics reckoning engineering.

Experimental studies revealed the presence in the brain of the

mechanisms of intagration, time/temporary selection, extrapolation
and mechanism of memorY, realized by means of the
preservation/retention/maintaining of trace stimulations on the

determined group of neuron ensembles.

By a series of the researchers (Rosenthal, 1961) is presented
hypothesis about the fact that the role of the mechanism of time
selection is reduced to the flow contrcl ocafferent
momentum/impulse/pulses. By N. Weiner (1961) and by M. Brez'ye 1
(1962) is expressed hypothesis about existence in the structural

formations of the brain of stable self-excited cscillators.

FCOTNOTE !. In recent works, the Russian transcription "Brezhe". -

Fditor*'s Note. ENDFOOTNOTE.

The preservation/retention/maintaining of the traces of irritation of

the determined group of neuron ensembles is joined with the
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time/temporary coding of the information, which enters from the
receptor links through the time intervals, synchronized with the
frequency of alpha-rhythm (8-12 Hz). It is experimentally
established/installed that the frequency of the physiological rhythm

bonded with the extrapolating functions, is 15 Hz (Sergeys, other,

1964) .

Page 156.

The extrapolating functions of brain provide the appearance of the

matched reactions of man to the determined form/species of external

irritants. Control of the extrapolating functicns occurs by the
generation of the time-sequential routine of the electric signals,
which stimulate the completely determined groups of the neuron

ensembles, which realize coding of surgeries, characteristic to the

determined dynamic stereotype of operation. If dynamic stereotype is
considered as program of the formation of the sequence of the matched
reactions to the determined form/species of irritant, then under the

reliability of brain will be understood the probability of the
activation of that group of the neuron ensembles whose excitation

leads to adequate reaction to this type of irritant.

By the experiments of I. P. PaVloV's school it is shown, that

the formed stereotype does not need the reproduction of an entire
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sequence of signals, which correspond to the separate event/report of

adaptable behavior. The complex sequence of reactions can be realized

under the effect of stimulus of determinate structure, which performs

the role of actuating signal (Asratyan, 1963).

The extrapolating functions of brain provide the high accuracy
of control of motor components, since they make it possible to
complete the missing information because of the utilization of the
preceding experiment, coded in the structure of the stareotype of

cperation.

6ne of the important experimental results, obtained the methods
of the theory of unsteady random functicns, is the establishment of
that fact that the coding of the extrapolating functions of brain
conducts by changing the statistical parameters of biopotantials in

frequency domain (Sergeys etc., 1965).

The study of the dynamic reactions of motor components during
the execution of complex stereotype shows that the relative stability
of the frequency parameters of biopotentials three times exceeds the
stability of the time/temporary components. A1l these 3Jata indicate
that with the mechanism of the spontaneous rhythmic activity of brain

are bonded both the controlling and extrapolating functions. fn the

examination of the special feature/peculiarities of various
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physiological rhythms is confirmed Simonov's assumption (1963) about
the shielding function of the local electric activity - the
alpha-rhythm, which ensures the protection cf the frequency-selective
higher analyzer centers of brain of the excitation by the fluctuating
signals of weak subliminal irritants. This rhythm can also be
examined as the modulating frequency, which ensures, in the first
place, strengthening slow biopotentials by the method of modulation -
demodulation and, in the second place, the synchronization of the
flow of afferent momentum/impulse/pulses with a frequency of the

admission of discrete information of from receptor links.

Reliability of brain during the execution of continuous
operation is provided by the redundancy of the corresponding analyzer
centers, by the paired hemispheres of train (Pavlov, 1963), and also

by the utilization of properties of the component structure EEG,

which conditions the correlation between separate regions of the
spectrum EEG. It is experimentally shown, that the effectiveness of
operator's work significantly depends on the "focus" of electric
activity in the left or right hemispheres i.e.r. on the specific
character of bilateral control of the functions of brain, and also of
the relationship/ratios of the activity of front/leading and

posterior brain (Pavlov, 1963; Sergeys etc., 1964).

Experimental investigations of the nonlinear characteristics of

e
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brain. At present among the experimental methods of the theory of

random functions in application to the tasks of the invastigation of

bicpotentials greatest propagation received methods cross- and

autocorrelation analysis.

Page 157.

Cross-correlation analysis makes it possible tc establish/install the
degree of statistical communication/connection Letween the
three-dimensional/space displaced secticns of the electric activity
of brain and thereby to obtain given on the topoclogy of the excitable
centers of the constellations, characteristic to the formed dynamic
stereotype. The generalization of cross-correlation analysis to the
multidimensional case composes the essence of the method of

correlative pleiads, which recently is spread in electrophysiology.

Despite the fact ,that the data of cross-correlation analysis
reveal a series of the qualitative laws governing the processes of
the electric activity of brain, on the strength of a series of formal

mathematical limitations they cannot be effectively used for the

solution to the problem of the operational monitoring of the level of

operator's effectiveness.

Deficiency/lacks of cross-correlation analysis are: the
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disturbance/breakiown of hypothesis about the stationary

character/nature of electroencephalogram, the low effectiveness of

the time/temporary permission of the parameters of the current
correlative functions and the complexity of the realization of the
algorithms of the multidimensional operational cross-correlation
analysis, since for obtaining the matrix/die of the coefficients of
cross correlation it is necessary to ensure storage discrete

coordinates of the corresponding time/temporary samples EEG.

This method turns out to be especially bulky and difficult to

realize if necessary for perfecting multidimensional for frequency
domain processes, which is bonded with the need of obtaining the
multidimensional matrix/dies of the coefficients of cross

correlation.

The diSTegafd of properties EEG in frequency domain leads to the
loss of that part of the information, which characterizes the
extrapolating functions of brain. Statistical structure EEG it can be
investigated with the aid of the methods of nonlinear autocorrelation
analysis. The method in question turns out to be more adequate the
physiological model of brain, since it considers time/temporary and
frequency properties EEG and it possesses the higher deqgree of the
time/temporary permission of the statistical parameters. At this

method can, in particular, be estimated the degree of the nonlinear
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distortions of the biopotentials between the sections of the working

brain. In this case the model of the brain is present2d in the form
of the multidimensional, nonlinear, synchronous detector, which
realizes demodulation of afferent information flow and time/temporary
selection of the signals, correlated with the frequency parameters of
the codes of dynamic stereotype. Separate neuron ensemble presents
the nonlinear circuit, which converts statistic structure EEG, that

enters its entrance.

The selective notations of biopotentials, recorded in the
different sections of cranial integument, are examined in the form of
the signals, observed in the output/yield of the multidimensional
detector, which consists of the totality of neuron ensembles, it will

be conditioned by the time/temporary dependence of their

characteristics of nonlinearity.

The representation of the time/temporary dependence of the
characteristics of the nonlinearity of neuron ensembles corresponds
to the physiological phenomenon of the paratiotic reaction of the

nerve tissues, consisting in nonlinear character/nature reaction to

input signals. To the determined form/species of the characteristics
of the nonlinearity of structural detectors at one level or the other
of operator's mental stress will ccrrespond statistic structure

determined type EEG.




T,

poC = 77000254 PAGE 13

Thus, the task of the establishment of the cross correlation
between time/temporary samples EEG of dif ferent removal/diversions,
typical for cross-correlation perfecting, in the case of nonlinear
autocorrelation analysis is reduced to the development/istection of
the structural sections of brain, which are characterized by the

determined degree of excitation.

Page 158.

During the solution to the problem of the operational monitoring of
reliability level of brain can be assigred the threshold values of
the excited level of neuron ensembles in the removal/diversions being
investigated for the different sections of the frequency Spectrum

FEG.

During the analysis of encephalogram was assumed its essential
transiency, bonded with a change of the characteristics of the
ncnlinearity of nauron ensembles both in time/temporary and in

frequency domain.

The algorithms of perfecting the selective realizations FEG in

the electronic computer "M-20" provided for the execution of
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surgeries of multichannel centering of EEG (12 canals) for the
purpose of the liberation/excretion quasi-stationary component, the
calculations of the coefficients of excess and asymmetry centered
component for the operational checking of the hypothesis of the
normal distribution of the filtered components, the calculation of
the autocorrelation functions of centered EEG the calculation of the

correlative multipole moments.

As the initial data were utilized EEG, reccrded at installation
"Alvar" on six removal/diversicns from the frontal
front/leading~temporal and temporal-postcranial symmetrical ranges of
hemispheres. The typical scheme of removal/diversions is given in
Fig. 1. About each removal/diversion are given indices which
characterize the dispersion of biopotentials into the initial and
final stages of experiment. Despite the fact.that in the process of
experiment is observed the redistribution of power EEG among separate
removal/diversions, the total level of the dispersion of the centers
of left and the right of the hemispheres of brain turns out to be
different (above for the left hemisphere) into the initial and final
stages of experiment. T@sted solved the problem of the selection of
the sequence of the commutations of the photic signal panels of
console whose disconnection occurred according to the completely

determined rule. On the basis of experiment was developed the

algorithm of operations, by which in short time assured the
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disconnection of all Signal panels.

Notation EEG conducted at the initial moment of work on console
and at the end of the experiment after 2 hours of the strained
activity of tested. The final goal of statistical analysis was the
determination of the relative parameters, characterizinjy a change in
the nonlinear properties of the sections of brain against the

btackground of long runninge.

As the basis of the subsequent statistical analysis was embedded
the hypothesis about the fact that the acceptable reliability level
the operation of brain during execution by the tested of typical
logical task can be back in the form of the matrix/die of the
relative parameters of the nonlinearity of the sections of brain on
the different phases of its work. The investigation of the
characteristics of nonlinearity conducted in 1Z frequency canals for
centered component EEG, obtained on the basis of the

relationship/ratio of the form/species
B =80 —Srt), : m

vhere Sy,- ~ integral operator of the current.

B
SrJE(O)f:%f § E(v)dr.

T,
t t_.‘.
2
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Fig. 1. The distribution of the centers of electric activity in brain
according to the indicator of the dispersion of biopotentials in the
symmetrical zones of left and the right of hemispheres 1, 2 -
frontotemporal; 3, 4 - lower-temporal; 5, 6 - the temporoparietal
removal/diversions, which correspond to the tertiary and secondary

fields of brain, bonded with mental work; numerator is a beginning of

experiment; denominator - the end of the experiwent. As the indicator

of effectiveness is examined the product e¢2r of dispersion by an

interval of correlation EEG of the corresponding removal/diversion.
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Page 159.

The parameters of smoothing 7, are selected on the basis of the
requirement of stability (1) of the filtered components. The passband
(the (-th) of the centering canal (in Hz) is determined by the

expression
25}, = 0.36, (2)

wvhere i - the number of canal.

The selection of the optimum canals of centering conducts on the

criterion of the minimum of the dispersion of correlative function in

the appropriate band of filtration (canal of centering).
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Multichannel correlative analysis turns out to be adequate the

unsteady model EEG, in the form the time function in question, which
presents the mixture of almost periodic ccmponents with broadband
fluctuating disturbance. In this case it is assumed that the
mathematical model EEG can be represented in the form of unsteady

random function with the generalized m-mi. Ly residue/remainders.

Investigation EEG conducted in the frequency band from 0.36 to
4. 32 Hz. The correlative function of centered componant 380 at the
output/yield of neuron ensemble with the characteristic of

nonlinearity y = g (x) is determined by the expression of the

form/species
Ry ()= 2 (1 k) hE R (1), 3)
ki)
where p, () - the autocorrelation function of centered EEG at the

output/yield of neuron ensemble.

The characteristic of the nonlinearity of neuron ensemble can

take the sufficiently form, being subordinated in this case to

condition g (x) = 0 with x < 0. In the case of x > 0 Kaufman, Roberts
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(1965) they showed that the coefficients h. are determined by the

expression

ha (1) = J—Z—'S/ () ©* exp .3—:)— 'do. (4
C

where C is an outline of the integration.

Function f (w) is obtained by means of Laplace transform from

function g (x).

[ o) = Q;(ﬂn ol -
0 (3)

The interval of the correlation of process at the output/yield

of neuron ensemble is determined from the formula

s TIAX

oc
2 Y k \ ,R,(t)ide. 6y
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Page 160.

since the saries, which consist of the coefficients of the

form/species
e ‘~m‘.1x‘
e = %" Gy = \ [ Ri(v) I*dr.

0

rapidly and absolutely converge, the right side of expression (6) can
be replaced with larger value and obtained inequality in the form

oo

Tawx < L‘ ¥ Eqr (7)

k=0 k=0
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The accomplished in this case error is not very great and it is
possible to approximately count:

)

Tomx = >_‘, qkz k- (7)

k=0n =0

Coefficients gs are called the absolute covariances of k order.
We utilized the algorit hms of the calculation g to the tenth order.
Figure 2 gives plotted function @=F (k). Dotted line
plotted/applied the approximating curve, determined by the expression
of the form/species

. k-1
L) =ql(%) . (3

In the case g3/9, < 1 approximately let us present the sum of the

series o 3
® 2
E q‘ o q' (qzq’ —_q: ) . (9’
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Subst ituting expression (9) in (7), we have resgpectively

q? <
t.,,,xzq,( 3 .,)E\p*.(l.n
‘hQa—Q;} r—

The analysis of the results, obtained during calculation on EVM
[ computer ] of the first ten cocvariances ¢: EEG the
calculations, made by formula (9), shows that the relative error does

not exceed 30/0.

When using relationship/ratio (10) considerably is decreased the
volume of reckoning surgeries on computer, since for the realization

of the corresponding algorithm is required to know the first three

the absolute covariances.
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In actuality for the examination of the nonlinear
characteristics of the brain between separate removal/diversions it
is possible to be restricted to the calculation of the relative
indicators of the form/species

N (1)

.
T

Index I corresponds to the initial moment of work on console, II
- the end of the experiment. Coefficients Ny are calculated for all
possible combinations of communication/connecticn between the neuron
ensembles of the removal/diversions EEG being investigated. Is
calculated the matrix/die of coefficients N4 for the stationary

components centered component EEG.

T T TP ey a——_—

B NN TR I vy
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Fige 2. The curve/graph of the absolute covariances: 1 - it is

simulated on computer; 2. approximate.

Page 161,

With consideration of the assumption about the fact that the

function ¢,(f)y, and the expression

o
q.(0) gs (1) — g3 (D)

slowly change in comparison with q, (t), expression (11) takes the

form |

1\',;:-—»_—-"\‘:”?,- . (12)

Thus, for the qualitative examination of the nonlinear

properties of brain it is possible to use expression (12) and to
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perform the calculation of the absolute covariances of the second
order. Is given below the table of the relative indicators of

nonlinearity, calculated for the canal of centering with band 24, =

4,32 HZ

Characteristic is the sharply pronounced level of relative
nonlinear distortions EEG betWween the various sections of braine
which confirms hypothesis about the applicatility of the model of

multidimensional detectore.

However, if the data of the analysis of the level of the
nonlinear distortions of biopotentials at the ocutput/yield of one
canal of centering make it possible to judge the statistical
properties EEG in time domain, then for judging about the dependence
of the characteristics of nonlinearity in the different sections of
frequency spectrum of EEG it is necessary to perform the calculation

of multidimensional conditional probability.
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Fig. 3. a change of the conditional probability p(v/) the relative

indicators of the nonlinearity of brain defending on the number of

canals | «

Table. Relative indicators of the nonlinearity of brain for component

EEG in the band of analysis 4.34 Hz.

The note: by index j is designated the numker of the

removalysdiversion, which corresponds to the final stage of

FTD=-ID(RS)T=-0254=77
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experiment; i - to the beginning of experiment. By turnstile are
noted the results, corresponding with 100/0 accuracy to the identical
levels of the relative nonlinear distcrtions of biopotentials. The

level of nonlinear distortions y_ & in the case in question is equal

tO 0.7‘0.8.

Ke: (. s.

Page 162.
(Ni))
Figure 3 on logarithmic scale gives the dependence of probability PA

on the number of carnals [

The data of Pig. 3 show that there is determined correlation
between the levels of nonlinear distortions EEG in the different
section=s of the frequency spectrum. a change in the number of
structural communication/connections with the identical level of
nonlinearity changes on logarithmic scale linearly depending on the
nusber of centering canals ;. Here interesting is the experimentally
reveal/detect/exposed fact of the linear character/nature of change
in the logarithmic scale of communication/connection between the
relative indicators of the nonlinearity of brain in the different
sections of the frequency spectrum EEG.

FTD=-ID(RS)T=0254=77
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The presence between the statistical parameters EEG of

PAGE 3F - /

correlation in frequency domain conditions the high stability of the

dynamic functioning of those local structures of brain, synchronous

excitation of which realizes the determined algorithm of operation

(dynamic stereotype).

The properties of the operationally computed functions 1nP can

be used for the checking of the level of operator's mental stress in

the system of "person and automat® during the execution of surgeries,

bonded with the determined stereotypical nature of the operations.
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