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Abstract—An information system is proposed for the examination of flight crew members’ functional
states; the system is based on the concept of human's organism’s oxygen regimes control. It was imple-
mented on the base of the database managing system and the Lasaru programming system. This electron-
ic information system includes two automated work place; the list of their functions and functions’ de-
scriptions are described as well. These automatic work places allow providing of significant practical
support in solving of set of tasks that are linked with improvement of organism state, development of the
general physical qualities and the special physical training of flight crews’ members.

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

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

The human health and adaptation to flight work
is a state that characterized by the effective perfor-
mance by human of it biological, labor and social
functions, by the rational mobilization of energy
resources of organs, systems and the whole organ-
ism, by the adaptation to the influence of flight envi-
ronment extreme factors. Reliability and health of
pilot depend, first of all, on the reserves of his ca-
pacity for adaptation [1], [2].

Studying the dynamics of aviators functional
state in process of their professional activity with the
help of physiological research methods allows with a
high degree of reliability to estimate their organ-
isms’ potential capabilities and to diagnose changes
in the functional state under the influence of various
factors and loads, both different according to their
complexity and degree of influence. Some authors
[3] have found that the regulatory systems of pilots’
bodies are under especially hard influence of com-
bined effects of extreme factors.

Flight work is going in special conditions that
differ significantly from other types of professional
activity. During the flight, the pilot's body is under
the influence of complex set of factors of changed
environment, acceleration and overload, differences
in barometric pressure and temperature, rocking,
noise, vibration. Also, considerable inconveniences
during the work are the results of pose stiffness,

flying suit and special equipment, the need to use
oxygen-respiratory  equipment.  Unlike  other
professions linked with the management of complex
machines and aggregates, the pilot interacts with two
dynamic systems simultaneously: he controls the
work of engines and aircraft mechanisms and
performes the movement of the aircraft in a three-
dimensional space. Under these conditions he must
perform a large number of generalization operations
during the short time intervals of information flows
from the numerous indicators of airplane and
equipment management [4], [5].

II. PROBLEM STATEMENT

The pronounced organism reaction on adverse
factors of flight work influence is determined by the
strength and length of the action. Besides of this, the
response-reaction will be determined by the complex
influence of the initial organism functional state and
its reactivity that depends on many conditions of the
internal and external environment, state of organism
health, ability to distribute properly their forces for
the entire time of work, the ability to apply correctly
breathing techniques and techniques of protective
muscle tension, as well as the concomitant effects of
other extreme environmental factors and flights.
Responses-reactions of organism can have both
adaptive type, as well as to reflect cumulative
damaging effects of extreme loadings [3], [5] and [6].
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Overloadings on modern aircraft are characte-
rized by the significant numbers (up to 9 units) and,
this is the most important, by a high speed of their
increase (up to 5-7 units/s), which reduces their
portability, and requires the implementation of
measures for the special training of pilots [7] — [9].
Thereby, the actuality of researches aimed on the
studying of tolerance to aerodynamic overloads by
pilots who flights on manoeuvrable aircrafts and the
development of methods for resistance increasing to
these effects, especially after breaks, is currently
increasing.

The estimation of functional capabilities and the
degree of physical pilot fitness to the influence of
aerodynamic overloads is carried out currently when
performing a staggerometric test, which is based on
the creation of static muscular effort [10].

In works [11], [12], based on the methods of the
theory of reliability, a model of reliability of the
functional state of operators of the system of
continuous interaction, which also includes persons
of flight crews (in the form of a chain with a "weak
link"), is proposed. There also were grounded that
the "weak links" of pilots are the respiratory system
and system of psycho-physiological functions. So, it
is obvious that when performing the staggerometric
test there is a need to inspect the respiratory
functional system, which provides the pilots ability
to perform the set of training and combat tasks. It is
clear that such an examination involves the need to
process and accumulate the large volumes of
information [13], [14], which needs to be processed,
stored, compared and analyzed thus, it is necessary
to develop the appropriate mathematical, algorithmic
and software means.

The purpose of present work was to create an au-
tomated information system for diagnosing a pilots’
functional respiratory system.

This system would allow to:

— implement a diagnostic algorithm for the esti-
mation of functional status of flight crew members;

— accelerate repeatedly processing of the data ob-
tained during pilots inspection;

— accumulate in centralized manner the informa-
tion for its pre-processing, storage and collective use;

— develop an algorithmic device for providing of
the opportunity to prove scientific hypotheses, to
develop options for optimization of decisions when
assessing the professional suitability of flight crew
members.

III. PROBLEM SOLUTION

A. Organism’s oxygen regimens and their regulation

At present, one of the most effective and relative-
ly simple methods to obtain the information about

the respiratory system functional state is the estima-
tion of organism’s oxygen regime (OOR) and the
phased oxygen delivery to human body. This me-
thod is based on the concept proposed in [15] about
the regulation of organism’s oxygen regimes, ac-
cording to which there are two linked groups of pa-
rameters of oxygen transport speed and its partial
pressure and pressure at the main stages of its path
in human body (lungs, alveoli, arterial blood, mixed
venous blood). Analysis of these two groups of pa-
rameters combination allows us to characterize the
function of body's system of oxygen supply both
quantitatively and qualitatively.

This approach allows us to obtain general charac-
teristics of gas homeostasis with a minimum of indi-
cators, to give it detailed analysis involving the fun-
damental mechanisms that provide the transport of
respiratory gases, to carry out the diagnosis of the
main syndromes associated with disruptions of the
gas transportation function, to give the oxygen "por-
trait" of the organism and its dynamics at various
functional states, to estimate the organism ability to
recover itself from external and internal distur-
bances. The systematic accumulation of these data,
their systematization and subsequent processing and
analysis provide the possibility of recognition and
objectivity of characteristics of large number of
flight crews’ personnel, which are examined. All this
makes possible to follow the changes in dynamics of
key indicators in process of general physical training
of pilots, which contributes to the recovery and im-
provement of organism and the development of gen-
eral physical qualities and special physical training,
which is professionally oriented and directed primar-
ily to increase the body's resistance to overloads that
are happening during flights. Special physical train-
ing develops and improves physical qualities such as
muscular strength and static muscular strength,
which are professionally important for pilots of ma-
neuverable aviation [16].

B. Structural scheme of information system

With the development of the use of mathematical
apparatus and capabilities of modern computer tech-
nologies to improve the means and methods of oper-
ational collection, processing and analysis of the
data from a complex study of flight personnel on the
basis of database managing system (DBMS) and
Lasarus programming system, an information sys-
tem (IS) was developed and implemented, its block
diagram is presented on Fig. 1. Information system
allows: to accelerate processing of the data obtained
during inspection of pilots; to implement diagnostic
algorithm for assessing of the functional state of



108

ISSN 1990-5548 Electronics and Control Systems 2018. N 2(56): 106-113

flight crews’ members; to centralize the accumula-
tion of information for its pre-processing, storage
and collective use; to develop an algorithmic device
for providing of the opportunity to prove scientific
hypoteses, to develop options for decisions optimiz-
ing during estimation of professional suitability of
flight crews’ members.

In the database (DB), which is a part of IS, the
information about each person who has undergone
the examination is collected, including questionnaire
data, hours of exposure, data on special technical
and physical state, and the results of comprehensive
survey that is performed for the estimation of
respiratory system.

DB password

Choose of work place Ii

VF
Doctor

| Laboratory Assistant |
Work with the tasks
"] ofchosenplace |
* Data input *
| Data elimination Data editing |—
and processing

Informing about
necessary actions

y

'

Input data control

Fig. 1. Block diagram of automated information system (AIS)

Since IS organization suppose the data structure
that reflects the various diverse pilots’
characteristics, its development has become a
prerequisite for the solution of many tasks related to
the estimation of flight personnel professional
adaptation. Accumulation of structured information
in the database provides effective means for:

— collective use of information in a mode with
many users (multi-users mode);

— obtaining of enquiry on all information arrays
or on individual fragments, including an arbitrary set
of conditions that is defined by the user;

— constructing of series of indicators values from
DB structure and their transfer for statistical
processing of results;

— automation of evaluation process of the results
of testing with the subsequent integration of indica-
tors of different aspects of pilots preparedness;

— formation of output documents, tables, graphs,
reports, histograms for different categories of users;

— conducting a retrospective analysis of the train-
ing of flight crews’ members who have achieved
significant results in special training for generalizing
of psychological, physiological, sociological factors,
experience of initial basic training, which provided
the background and improvement of flying skills.

During the development of the IS, two automated
work places (AWP) were provided — “Doctor” and
“Laboratory Assistant”. This division was due to the
fact that data collection during survey requires a set
of specific knowledge and skills, while for the re-
cording of initial information, anthropometric stu-
dies, blood sampling for analysis, this knowledge
did not needed. Besides of this, the blood tests are
carried out in the laboratory but not at the
workplace. Indicators that characterized the state of
the system of external and alveolar respiration, car-
diac activity, and blood circulatory system are rec-
orded directly at the workplace and can be input by
the Doctor. The block diagram of IS of the Doctor is
presented on Fig. 2. The units of the Doctor's AWR
are shown on Fig. 2, they perform following func-
tions (Table I).

C. The algorithm of system functioning

The system functioning algorithm is following.
After logging in to the “Laboratory Assistant” AWP,
user input general data about examined person: last
name, age, qualification, hours of flight, preparation,
and etc. The system has the ability to form groups
by age, qualification, training, and etc. After that,
the examination applications for defined group
under the specified condition are being prepared.
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TABLE 1.

DocToOR's AWR UNITS’ FUNCTIONS

DBMS

Managing mechanisms, editing and the work with the system data at DB
level

Tables, stored procedures, triggers

Instruments for DBMS management that were provided by developers for
the optimization of access to the data, in dependence on the tasks that are
solved (non-accessible for user)

The work with DB unit

Provides interaction between DBMS and users via above described in-
struments

Control unit (program)

Provides the calculations, connection with DBMS, fulfillment of users’
tasks

Units of work with reports, work on

Sub-tasks of the AWP, that are fulfilled through interaction with the user

109

experiments, work with applications,
work on analyzes and results, work
with contracts, work with clients

via dialog interfaces

On the basis of examination applications, the collec-
tion of general data from external environment is
carried out (barometric pressure, partial pressure of
water vapor, altitude, temperature at environment,
and etc.). A blood samples for analysis are also car-
ried out. Further, the “Doctor” examines respiratory
system, geodynamics, cardiac activity in a state of
the rest and during the loading (veloergometric load
possible, step-test, statoergometric test), depending
on the purpose of survey. When all necessary data

Reports unit

T

Experiments unit «&——®» Applications unit

for the calculation are input, the program calculates
the organism's oxygen regimes and distributes them
in groups according to different parts of respiratory
system. Also, the indicators that characterize veloci-
ty, intensity of the phased oxygen delivery as well as
indicators characterizing the efficiency of respiratory
system and blood flows, parameters that characterize
the hypoxic state of the organism are determined.
Transactions within the framework of one applica-
tion can be performed multiple times.

Unit of work with
analysis and results

+

Y

Contracts unit

Clients unit

Block for works
with requests

¢

Control block (program)

¢

Database unit

¢

Tables, stored procedures, triggers

omws

Fig. 2. Block diagram of automated work place (AWP) “Doctor”



110

ISSN 1990-5548 Electronics and Control Systems 2018. N 2(56): 106-113

D. Information system software

Block diagram of IS software is presented on
Fig. 3. Such software distribution allows performing
the functions assigned to it optimally. Let’s describe
the functions, internal and external data of individual
units in details.

Initial data input unit. Provides the correct input
of the data about the examined personnel group, the
state of groups’ organisms at different moments of
examination, it includes also verification of the data
compatibility.

Regular Data Input Unit. Provides correct input
of general human data-characteristics: name, last
name, age, qualification, flying hours, and etc. The
results are recorded in the database.

Personal data input unit. Provides correct view
of anthropometric data, data of laboratory research.
The results are recorded in the database and used in
current calculations.

HELP

Results submission

Y

Examination data input unit. Ensures the correct
input of examination data. The results are recorded
in the database.

Incoming data maintenance unit. Provides the
data storage in the database. Recording takes place
either automatically or according to user directives.

Mathematical solver unit. Constructs and per-
forms calculations.

Result submission unit. Performs graphical and
table representation of the results of the work.

Reports maintenance unit. At the request from
the user, forms the report about the work done.

Developer info[rmation] unit. Provides an infor-
mation about developers with the contact data.

HELP unit. Provides contextual help, instructions
and advices for user from any task.

Exit from the system unit. Provides correct out-
put, saving of parameters and current data through
user dialogue.

—

Developer info

Exit from
the system

Reports

Initial data input

maintenance

v

v v

Regular data
input

Examination data

Personal data
input input

v

v v

v

Mathematical solver

Incoming data maintenance

Fig. 3. Automated information system (AIS) software scheme

The crucial unit is the Main Menu, which is de-
fined by the tasks of the user's AWP. General units
for both AWRs are "Help", "Developer info", "Exit"
units. In other units there are functional divisions
depending on the tasks solved by these AWRs. In
particular, the "Mathematical solver" unit does not
participate in the work of AWR “Laboratory Assis-
tant” and is an exclusive part of AWR “Doctor”.
“Regular data input” and “Personal data input” are
exclusive only for AWP “Laboratory Assistant”.

On the other hand, units “Reports maintenance”,

“Submission of results” and “Initial data input”
works in each AWR according to the same prin-
ciples, but with different data.

Since the AWP are implemented on the basis of
the DBMS, this enabled to use such powerful tool as
report editor. Thus, based on the data ordered in the
database, we can perform a statistical survey and
data processing according to different criteria and
present the results in documented and normative
terms that are available for further processing by
standard text editors.
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IV. CONCLUSION

This information system has proven itself well in
practice of examining of athletes who specialize in
cycling sports (highway cycling, speed skating,
rowing), martial arts (freestyle wrestling), and alpin-
ists of high-level qualification. This system also can
provide significant support for the solution of com-
plex of tasks connected with the organism improve-
ment and with the development of general physical
characteristics and special physical training of flight
crews’ members; training that is professionally
oriented and aimed on the increasing of resistance to
the influences of piloting overloads. This automated
information system permitted the implementing of
diagnostic algorithm for the estimation of functional
state of flying crews’ members.
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[IpemtokeHa aBTOMAaTU3UPOBaHHAS UH(POPMAITMOHHASI CHCTEMa JIJIS MCCIIeNOBaHMS ()YHKIIMOHAIBLHOTO COCTOSIHHS JIUI]
JIETHOTO COCTaBa, KOTOpas 0asupyeTcs Ha KOHIEIIMH PEryJIUPOBAHUSA KUCIOPOIHBIX PEKUMOB OpraHM3Ma YelIOBEKa.
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