N.IL Aralova, O.M. Klyuchko, V.I. Mashkin, 1.V. Mashkina Algorithms for Data Models Processing for Integral ... 99

UDC 519.8 (045)
DOLI: 10.18372/1990-5548.55.12788

N. L. Aralova,
0. M. Klyuchko,
*V. I. Mashkin,
“I. V. Mashkina

ALGORITHMS FOR DATA MODELS PROCESSING FOR INTEGRAL ESTIMATION
OF FLIGHT CREWS’ PERSONNEL STATES

'Institute of Cybernetics of V. M. Glushkov National Academy of Sciences of Ukraine, Kyiv, Ukraine
*Educational & Research Institute of Air Navigation, National Aviation University, Kyiv, Ukraine
*Borys Grinchenko Kyiv University, Kyiv, Ukraine
E-mails: 'aralova@ukr.net, “iesy@nau.edu.ua, *mashkin_v@ukr.net, “mashkina.iv@gmail.com

Abstract—The algorithm for data model processing is proposed for the estimation of the physical,
psychophysiological and functional state of flight crew personnel. There are the number of information
technologies that combine the complexes of devices and methods to determine the psychological and
psycho-physiological characteristics of operators in the process of their professional activities in present
time. The work done can be used in the development of information and diagnostic system designed for
automatic collection, storage and processing of physiological and psychophysiological data for
preventive medical examination services for personnel from the flight crews.

Index Terms—Functional state of operator; operator efficiency; integral estimation; regressive model;

estimation of the state of flight crews’ personnel.
I. INTRODUCTION

The quality and efficiency of operator work of
the system of continuous interaction, which includes
personnel from the flight crews as well, depends on
the organism functional state (FS). There is a need
for its evaluation at various stages of activity, from
professional selection to operator's specialty, and
ending with a periodic estimation during profession-
al activity process.

There are a number of information technologies
that combine the complexes of devices and methods
to determine the psychological and psycho-
physiological characteristics of operators in the
process of their professional activities in present
time. In [1] there is a profound analysis of literary
data concerning methods that allow us to evaluate
the functional state of operators.

II. PROBLEM STATEMENT

There are a number of contemporary information
technologies that combine the complexes of methods
and devices to determine the physical, psychological
and psycho-physiological characteristics of opera-
tors of continuous interaction systems; this is linked
with the needs of professional selection and ongoing
control of the functional state of operators in process
of their professional activity.

According to [1], the most common methods that
make it possible to investigate the functional state of
operators are the methods for determining of the
amount of short-term memory, velocity of informa-
tion perception, the intensity of attention, the accu-

racy and duration of time intervals reproduction,
lability of the nervous system, and etc. [2]; methods
for determining the values of psychophysiological
characteristics of operator, estimation of the quality
of activity and reliability of the system, indicators of
human body subsystem activities [3] — [5].

There are also a number of complexes [6], [7],
that determine the operator functional state by means
of organism electrical signals (electroencephalo-
gram, electrocardiogram, electromyogram, electrical
resistance of skin).

The work of operators who control the movements
of objects has characteristic features, which are
caused by the significant velocity of object move-
ments, the critical situations sudden appearances, the
significant probability of environmental parameters
changing, and etc. [8]. For operators located on the
object, the state of their emotional tension is quite
important during their activity. In addition, they
depend on such factors as acceleration, pressure
changes, temperature, vibration, oscillation, noises,
and etc. In addition, in some cases operators should
work in special equipment and be in small closed
spaces; like pilots, in particular. It is clear that such
system by itself increases requirements for the state of
the health and physical training of operators [9], [10].

In article [11], in order to evaluate effectively the
operator's work capacity, the complex methods were
proposed including following estimations:

— quality of the health, including integral estima-
tion;

— special operator abilities at defined moment;
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— ability to work in extreme environmental condi-
tions;

— recovery after fatigue;

— hidden functional reserves;

— ability for adaptation to new conditions and
high loadings, and etc.

The purpose of the work is to design an algo-
rithm for the estimation of physical, psychophysical
and functional state of flight crews’ personnel.

III. PROBLEM SOLUTION

Let’s describe the algorithm for determining of
integral estimations based on the analysis of
deviations of physiological parameters from nominal
values. We have to note that proposed algorithm is
one of the modifications of algorithms developed by
researchers of Yu. G. Antomonov school, that are
based on the regression models use for the obtaining
of integral estimations [12], [13]. This is significant
in the case if the studied system state is evaluated
using large number of parameters.

The task of estimation of the flight crew mem-
bers’ state is following: for each organism subsystem
the estimation of the degree of this subsystem
deviation from the "norm" is made separately. Then,
according to obtained estimations, the evaluation of
pilot organism state have to be constructed as a
whole in form of a linearly weighed sum.

Let’s identify with the system S any of blocks or
any subsystem. This system is characterized by
indicators S. Let’s suppose that the intervals of
changes of real values x,,x,,....,x, are known:

X, Sx,<x . @8

‘mi ax

As well as intervals of changes x,, when profes-
sionals consider i values in “normal” limits, or

x| <x;<x . 2)

T min max

n

It is clear that x;' , x;'  satisfy the condition

X SX, <X S (3)

we introduce for each x; the pair of logical signs o, ,
B,, whose values (0 or 1) are given from the
physiological or psychophysiological peculiarity of
the indicator. Lets suppose that for o, =0 is meas-
ured parameter x,, that lies to the left of the interval
"norm", or when

X, Sx,<x . 4)

Imin max

It does not refer to one that is deviated from the
"norm" to the field of pathological values according

to its physiological or psycho-physiological pecu-
liarities. In this case, we can extend the interval
"norm" for this indicator to the left, up to the value

x, . In the opposite case, for o, =1 the value x,

‘min

that satisfies (4), should be considered as one that
characterizes the pathological process, or, as going
beyond the limits of the "norm" to the left in the area
of pathological values.

The similar appointment has a sign 3,. The dif-
ference is that sign 3, extends to the case when the

measured indicator x, satisfies the condition

x| <x,<x; |, %)

and, therefore, deviates from the given interval
"norm" to the left.
Thus, for B, =0 interval there is no interval of

pathological parameters of the parameter (x; ,x, ],

and, in this case, interval “norm” [x” ,x
2 2 lmin’

i max

] we can

to extend to the right up to the interval [x, ,x, ].

‘max

For B, =1 interval (x] ,x,

lmax

] is considered for x,
as area of pathological values.

Let’s also introduce for each x; the sign p,.
When user of algorithm for index x, states the
sign p, =1, this may mean that he wants to take into
account this index x; for the estimation of physio-

logical or psychophysiological state of system S.
For p, =0 system index or has not been stated by

researcher, or x, not necessary to take into account

in this task for construction of estimation of physio-
logical or psychophysiological state.

For our convenience for future let’s introduce
non-empty set of indices of indicators:

I ={1,2,..,n}, (6)

I,s={iel;:p =1}. @)
Being used (6) and (7), the sets {1,2,....,n} and
{x,: p, =1} let’s introduce as

{x,tiel}, ®)

{x,:iel, g} 9)

Then the previously formulated task of construct-
ing an estimation of the physiological and psycho-
physiological state of the system S can be formu-
lated as follows: on the set of parameters (9) to con-
duct an analysis of experimental data for the system
S, and to obtain an integrated estimation of the state
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of system ¥, which should indicate the degree of
output of indicators x,:i e/, in the field of patho-
logical values, which are determined by o, and P, .

It is clear that even with such a statement,
evaluation V can be obtained by various methods.
Specificity of the choice of method depends on the
requirements for informativity of evaluation V. As
already noted, the algorithms for constructing of the
estimation V are based on the use of regression
models like

Ve=>y, %, (10)

ielog
where X, are unified standardized indicators of sys-
tem Vg, v, are the weighting coefficients.

The choice of the weighting coefficients is based
usually on the knowledge about the significance or
the level of input of x, in comparison with other
indices. For the determination the following hypo-
theses were used. The first one indicates that the
weight of the coefficient x, is the higher, the higher
the ratio of the ranges "norm" (2) to the length of
total interval (1). And if this hypothesis is true for all
x,:ie€l,g, then in this case y, count according to

os »
equations:
k,
Vi =—’k , (11)
2k
iclos
Xow X
k, = ,iely. (12)
Xiw i

In the case when the second (the inverse of the
first) hypothesis is taken, which is that the weight of
the indicator x, is the higher, the less the ratio £,
calculated according to (12), and this is true for all

x;:i€l,, then v, is determined by the equation

(13)

e
B kY Uk

ielpg

Sure, the algorithms (11) — (13) of the calculation
of weight are easily generalized for the case, when
one part of the indicators x,, i€/, €1, is the sub-

ject to the first hypothesis, while other indicators x;,,

iel,el, (I, vl,=1,) are determined by the
second hypothesis:

k. | Ay,
TNk Ay, el

iel,

(14)

1
AOS Zij +Zk_

Jjel Jjel, v

(15)

During the implementation of the algorithm, the
estimations ¥ (in percents) of the deviations of the

indices x,:ie€l,, from the given intervals of the

“norm” in the area of pathological values are calcu-
lated, as well as the integral estimation (in percents)
of the degree of violation of the system as a whole.
Here is a brief description of the algorithm and its
modifications.
As input data in algorithm are experimentally
measured indices x,:ie /g, their intervals “norm”

[, !

Imin Imax

and the signs, introduced above «,, B,, p,. Let’s

], intervals of possible change [x, ,x, ]

consider that for each x, the value

xsz.S(xf’ +x; )

Imin

(16)

From the point of view of the system functional
state the optimal value s are (x, #x, ). Let’s
consider that measured index x; deviates from op-
timal value by 50 %, if x, is equal to x/ —or x/ .
Also, we will distinguish the sign of x; deviation. If
x,—x} >0, then the deviation x, from x} is
positive (deviation to the right), and vice versa, if
x,—x <0 the deviation x is negative.

The real deviation of x, from x in the values, in

which the given input measured values are denoted
by Ax,, which is determined by

Ax, =x,—x;. (17)
Relative deviation x; (in %) is calculated by the
equation
P =— 2% 100%. (18)
i Ty

Imax Imin

Value P, will be considered as estimation V_

of the indicator x;:

Vo=

X

P (19)

i

Thus, using the formulas (17), (18), for each
measured parameter x,:i€/,; we obtain a system

of estimations V_, iel,, according to which it is

os >
already possible to decide about the deviation degree
of system S from the optimal values x!.

An algorithm for obtaining ¥ estimation is pro-
posed to be constructed on the base of the hypothesis
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about the equivalence of estimations ¥ previously
determined by formulas (17) — (19). Let’s note that
from this hypothesis does not follow the equivalence
of parameters x, :i € [, but it allows us to calculate
Vs with the same weight coefficients in accordance

with the following rule of the solution:

1
Vi=—)>"

ros ielpg

; (20)

&

where 7, is the dimension of the set /.

The estimation (20) is an integral one. It is con-
structed basing on the values of deviations of all
parameters from nominal values, which were pre-

viously defined as optimal and equal to x_. Here the
assumption is made that the deviation from x; to
any side worsens the state of a system with equal
force, which depends on the absolute value V. For
the researcher Vg is an important integral indicator
of the system S functioning, which can be used in
combination with estimations V_. Let’s note that
V. indicates the degree of deviation of the indicator

x, (in %) from its nominal value, and sign of the
estimation V_ is the direction of deviation (right or
left) from the nominal point.

A more informative integral index of output de-
gree of system S parameters in the area of patholog-
ical values is the estimation ¥, which is constructed
according to the equation

1
_— V. 1-50|, r, =0,
Vs= Tos "EIZM;S(‘ ; ) . (21)
0, 70s=0,

where [,,; is the set of indices of parameters

x,:iel,s, that are measured in an experiment.
Their values are rejected in the area of pathological

values, 7, is the dimension of the set [, the

number of those x, :i e [, , whose values are patho-

os >
logical. Let’s note that the estimation V, obtained
by equation (21) is based on values ¥ for which

one of the conditions is true:

V, <=50%, p, =1, o, =1, (22)

v, >50%, p,=1, B,=1. (23)

The set /1, used in (21) is formed according to
(22), (23).

In the case where the hypothesis of equivalence
of estimations V is disputed, it is necessary to use
weight coefficients and to solve the task of their
determination. Taking into account the weight fac-
tors, the estimation V, in the formulation given
above, is calculated according to equation

1
—- N v (|7.|-50), #5, =0,
V=41 ,Z ( i ) 108 (24)

0, 745 =0.

Weights coefficients y, >0, iel, should be
normalized, which means that

ZY,-ZI-

ielyg

(25)

The procedure for normalizing of weight coeffi-
cients is simple indeed, if previously the initial out-

put coefficients y; are known for all i e /5

v
Vi=~ 5> [€ly- (26)
21

J€lps

So, the relation (26) permits to calculate the nor-
malized weight coefficients that are used in (24) for
those group of indices x,, for which ie /.

Let’s turn to the problem of obtaining of integral
estimation of the physiological and psychophysio-
logical state of organism, whose status, as already
noted, consists on the number of physiological and
psychophysiological subsystems, which we identify
with systems of type S. Let’s consider that the
number of such systems S, which define the physio-
logical and psychophysiological status of an organ-
ism, is equal to m . Using the algorithm described
above, we can obtain estimations

5o 1= L2,..m.

For the obtaining of integral estimation of the physi-
ological and psychophysiological state of organism,
the linearly weighted function is proposed:

Vis = 2.8V, (27)
i=l

where V,, is estimation of the physiological and
psychophysiological state of organism; o, are
weight cweight coefficients of systems S,,S,,...,S,

The practice of using of relation (27) to obtain of
an integral estimation of the physiological and
psychophysiological state of organism demonstrates
that subsystems that make up the physiological and
psychophysiological organism state are equivalent (or
practically equivalent). Therefore, the task of
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determining of weight coefficients d, disappears, and
in this case the estimation V,; is based on equation

Vi = iZV&. (28)
m -

In article [14], it was substantiated in detail that
special physical training solves successfully the tasks
for certain periods of increasing the professional skill
of flight crews — re-training for a new type of air-
crafts (or helicopters), practice in flights at low and
extremely low altitudes, restoring of pilot skills after
a long break in flying activities. The purpose of phys-
ical training is in formation of physical and psycho-
logical pilot readiness to study the complex aircraft
technology, its effective use, and high psychophysio-
logical reliability of organism in terms of training
and combat activities. In order to assess the quality of
this training we propose to apply suggested algorithm
for processing of data models. As data models we
propose to use the data that characterize the subsys-
tems of the functional state of organism, including
the subsystem of special work ability of pilots [8] —
[10], the subsystem that determines the functional
state of organism by means of electrical signals [6],
[7], the subsystems that characterize the state of the
functional respiratory system [15], and the subsystem
of psychophysiological indicators [§].

IV. CONCLUSION

The proposed algorithm can be used for the devel-
opment of information and diagnostic system de-
signed for automatizing of collection, storage and
processing of physiological and psychophysiological
data for services of preventive medical examinations.
A separated task of elaborated system is the task of
forecasting of the physiological and psychophysiolog-
ical state of organism of the members of flight crews,
which is solved according to realized algorithm.
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HAJIBHOTO COCTOSHHS YWICHOB JICTHBIX SKUIAXKeH, KOTOPBI MOXET OBITh MCIIOIB30BaH IPHU Pa3paboTKe HHPOPMAIIMOH-
HO-JIMATHOCTUYCCKON CHUCTEMBI, MPEIHA3HAUCHHOM I aBTOMAaTH3AIMK cOOpa, XpaHeHHs U 00pabOTKH HUH(OpMAIUU
(DU3HOJIOTHYCCKHUX U MCUXOPUIUOTOIHICCKUX TaHHBIX CIY)KOBI MPOGHUIAKTUICCKAX METUITUHCKUX OCMOTPOB JIUIY JICT-
Horo cocraBa. CyIlecTByeT psa WHGOPMAIIMOHHBIX TEXHOJIOTHH, KOTOPbIE OOBEAMHAIOT KOMIUICKCH YCTPOWCTB U Me-
TOMOB JUIsI OIpPEICICHHUS MCUXOJIOTHYCCKUX M IMCUXO(PHU3UOIOTHYCCKUX XapPaKTEPUCTUK OMEPaTOpOB B MPOIECCE HX
podeCCHOHATIBFHON NeITEeIbHOCTH B HacTosIIee BpeMs. [IponenanHas paboTa MOXKeT OBITh UCIIOJIb30BaHA TIPU pa3pa-
00Tke HMH(GOPMAIIMOHHO-TUATHOCTUUCCKOW CHUCTEMBI, TPEIHA3HAYCHHOW I aBTOMATHYECKOro cOopa, XpaHCHHS U
00pabOTKU (PU3UOTIOTMUYCCKUX M TICHXO(DU3MOIOTHISCKUX MAHHBIX IS NMPOGHIAKTUUYCCKUX MEAUIIMHCKHX OCMOTpPOB
JUTSI TIEPCOHANA JICTHBIX SKHITAXKEH.

KiroueBbie ciioBa: (pyHKIIMOHAIBHOE COCTOSHHE OIepaTopa; padOTOCIOCOOHOCTh, MHTErpalibHas OICHKA; PEerpeccu-
OHHAs MOJIEJIb; OI[CHKA COCTOSIHUS TIEPCOH JICTHOT'O COCTaBa.
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