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The present work is dedicated to the assessment of
a problem that is of primary importance for the space and ground-based mis-
sions, 1. e. — to the human organism as a complex biosystem and focus of
all projects for space exploration and utilization. This problem is not to be
solved without the automatic digital systems for data acquisition and pro-
cessing for study of the psychophysiological status and working ability va-
riation mechanisms in closed ecosystems characterized by processes dynamics
during space missions of varying duration 1, 2].

The fundamental problem for the processes dynamics study of that com-
plex biosystem — the human organism -— in long-term space missions (over
30 days) is solved using a closed technological circuit of the functional model
synthesis, as shown on Fig. 1. The studies include theoretical and enginecring
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fnodel]ing of the obtained biosignals using automatic responding DAPDS
1, 2, 6].

The first step for the solution of that problem is the Bulgarian auto-
matic on-board multicormputer system for data acquisition and processing
"ZORA”. The DAPDS “ZORA” is the nucleus and the instrument for the
realization of a new technology of complex medical analysis connected with
the problem of the working ability and the psychophysiological status of the
astronauis in space missions of varying duratio ‘

The essence of the new technology is the following: in real time W'dee

and during space missions of varying duration 1o study the processes| and
mechanisms of the astronauts’ psychophysiological status and working
ability deviations for i{he purpose of their health status assessment and
prognostics,
A complex test program is developed including the following experiments;
—“LABYRINTH” — Analysis of the ocular-vestibular inferactions dis-
tortion mechanisms and development that follow into ihe group of the space
motor disease. An assessment is made of the optokinetic and vestibular stimu-
lation during vestibular and ocular-motor malfunctions.
—"STATOKINETICS” — Study of the mechanisms of posture control,
the characteristics of the various groups of motions and the locomotory | affe-
rention with the occurrence of dislocations.
—"POTENTIAL” — Study of the muscular libres membranc slimulation
vector.
—*LEISURE TIME”, “QUESTIONARY” — Study of the astronauts’
individual psychophysiological adaptation to space flight conditions and the
readaptalion processes. An assessment of the psychophiysiological statug and
ain improvement of 1he mechanisms to keep up that status are made.
The synthesised {unctional model of that technology for complex medical
analysis during space missions is shown on Fig. 2. The contribution in this
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SDAP — system for dala acquisition and processing: TP — telemetric porf; RT - real
time; DM — data memory: AC — automatic control; SDP — secondary data procéssing;
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case 1s the use of ail expert filtration in determining the source and character
of the biosignal in real $ime and automatically |1, 2, 8]

The biosignals carry information for the complex processes taking place
in the human biosystem and their processing is specilic. The need of automatic
digital processing from clinical point of view arises from the further impro-
vement of the reliability and quality of the obtained results.

The advantages ol the aulomatic digital signal processing are well known
and have been the subject of numerous monographs and publications {3, 4, 8].
F“he biosignals are efficiently processed using ihe digital methods and systems
6, 7, 8].

The automatic biosignals processing allows the guick estimation of a
large volume of bioinformation applied further in the biopotentials processing
(ECG, miograms — MG, ocugrams — EOC, EEG, ete.).

The use of digital biosignals processing methods eliminates the phase
distortions characteristic for the analog systems. Thus, high precision and
objectiveness of the diagnostics is reached.

Using the linear systems theory ihe requirement for lack of distortions
in the processed input signal can be presented analytically as follows:

(1) H(j2nf) = |H(j2n])le —ier) = Kp—i2nlty

where the phase characterislic @(2nf) is linear, hence the output signal delay
compared to the input is constant and the amplification K remains unchanged
in the given f[requency line.

An analog multiplexor, a tracing and storage circuif and an analog-lo-
digit converter “ADC™ are used for the biosignals digital processing, obtained
[rom sensors, converting physical quantities. The biosignals thus converted
into digits are inserted into the input of a multicomputer system (MCS) where
their actual processing takes place [I, 2, 6, 8]. .

In that case a blocking discretization wilh signal mean value is used in
the convertion. .

The mathematical conversion processing model of this type of discreti-
zation is given with the following equations:

&Tp

2) Bary=~ f (B,
.H'D—t .
where k_k;rb is the input ADC signal and t is the mean interval. Ty is the dis-

cretization period.
Using a function of the following lype:

1 i M08
) Wos @) _{ 0 if |>05+
for the input ADC signal x(f)
(4) 3O =[xl Wos: 0] 3 8¢ —nTo)

Hz=—o00

is obtained. For the output frequency range, the discrete signal value is obiained

© TFLA0] = [ X() 28 emnt]| « Fp 3 8(p-nFo),
{6) X ()= X(Nsin(nfry/(nfr))e—ir

where TF [x(#)] is the Fourier discrete conversion, X{f) is real spectrum, and
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Xi(f) is the real spectrum after processing. From (6) it is that the spectrum
amplitude module has changed sin(zft)/(nft) times while the phase is p=n/t.

The error ¢ for the x(f) spectrum is:

_ X(n=x(H sinmftr .
(7) B_T_‘_I_T lh.

In that case in order to minimize the error it is necessary to follow the con-
ditions, namely:

(8) [sin(xfz)/(xfr)] =0,999,
) p=nfr<Ag, Ap=1°+5°,

The solution of that equations shows that §—+/Tp the coefficient of
fullness be smaller or equal to 0,05 while the amplitude error is 0,1% and the
phase error is 2%.

When the mean interval is approaching zero the amplitude error and the
phase error are decreasing. As the frequency of the input signal is low (for the
miogram fma:= 1kHz, fmin=2Hz and for the oculogram fmax=25 Hz, fmin=0,1 Hz)
and the conversion period Teomy=10 ps is several times smaller, the conversion
error is minimal and [practicaliy negligible [1, 2, 6, 8].

Some methods of processing give considerable effect, very favourable
for diagnostics.

a) under low frequency filtration (f=40-+50 Hz) the muscular tremour
noise level is lower;

b) ulllader line filtration at the pre-determined frequencies the EEG rhythms
are a;, pPy.

The necessary frequencies are observed against the background of noise
that depends on the potential variations and the neurons activity, as those
signals pass a great distance from the source to the electrodes. It is necessary
to obtain the image of Fourier of the autocorrelation function.

This method is not frequently used as there are no specific calculation
methods for determining in real time the correlation function.

The only method of comparison of two EMG is the visual. It takes a two-
three year’s period for a specialist to master the comparison methods using
the Catalogue of the real EMG and be able to find out the similarities and
diiferences between a real EMG and those in the catalog.

For the solution of that problem a minimal expert system is used con-
sisting of data about some characteristic functions given in table form de-
scribing the model biosignals and some of their characteristics necessary for
the expert filtration, the express on-board processing and the secondary ground
processing.

That allows the discrimination of the human factor in the results assess-
ment and leads to higher objectivity of the estimation. At the same time the
decision-taking period is shortened.

That fact determines the importance of the new technology for study
of the processes taking place in the complex biosystem — the human being —
in space environment.

Using that new technology on board the “Mir” orbital station in varyng
in duration space missions (up to 10 days — the Bulgarian-Soviet and Soviet-
Afghanistan missions and up to and over 30 — Soviet missions) [1, 2] definite
results have been obtained.

The development of medical space laboratory with distributed resources is
advisable as a distributed expert system on the basis of automatized systems
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for responding data acquisition and processing and remote sensors for hoi-
signals regisiration.

Such a minilaboratory in space cnvironmeni will be used for obfaining
results that are vital for the long-term space missions {c. g. Tlights o Mars).
In the case in order to solve the above mentioned problem a number of ana-
lysis are necessary io be conducted for ihe scientific problems, as follows:

I. Modelling and development of automatic responding DAPDS and
technologies supplying measurement and evaluation of a number of parame-
ters of the bio- and phychophysiological status under varying ecosystems;

2. Development of modifications of ground-based technological equip-
ment for early diagnostics of the bio- and phsychophysiological status caused
by deterioration of the ecological parameters;

3. Study of the mechanisms influencing the change rate of the human
bio- and psychophysiological status.

Above all it is necessary to know in details the problems occurring in
the reactions of the human organism under the infiuence of the new factors
and ecoenvironment.

The studies will contribuie to the determination of the impact of various
ecosystems on the mechanisms and rate of change of the bio- and psychophysio-
logical status of the human being under the conditions of various ccosystems
for the purposc of short and long lerm prognostics of the health status,
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Hsakou ocobenoctn Ha uuposara obpaborka
Ha OHOCHTHAJHTE NpH H3NOJ3BaHe Ha CHCTeMaTa
aa cbop n obpaborka na aaunn ,30PAY

Pymen Hedxoe, Ceemoszap Cumeonoe, Cmonn Tanee

(Peswwme)

B craruara ca wussomenw HAKOH OCOGEHOCTH Ha W3-
NoJ3BaHUTE B cHCTeMara 3a ¢6op W obpaborka na aannu (CCOM) ,,30PA" npuu-
IHNH H MeToAH Ha uudposa obpaborka na curuaan. Pasraenann ca KOHKperuu
MATEMATHYECKH MOAeaH, MeToAH 3a uHpoBa o6paboTKa U TAXHOTO NPHJIOKeHHE
B KocMHueckH ycaopus. Hanpasenu ca M3poan 3a nepcnekTHBHTE HA Pa3BuTHE
na CCOJl xato eaeMeHTH HA KOCMHHYECKH MelHKO-GHodoruunu jaaGoparopuu.
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