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Introduction

In our previous articles, a number of methods
for training pilots to counteract the simultaneous
influence of adverse factors, i.e., factorial overlaps,
were considered [1]. A human operator in flight
may be exposed to a wide range of negative factors,
including weather conditions, the complexity of the
approach for landing, and failures and malfunctions
in avionics. Modern integrated circuits are more
reliable than analog-to-digital components.
However, currently, malfunctions frequently occur
on most operational aircraft. This leads to increased
psychophysiological stress of flight crews during
flight.

The reliability of both avionics and human
operators is subject to stochastic analysis.
Therefore, methods for assessing crew readiness
for emergency flight situations are based on the
laws of probability theory and mathematical
statistics. These issues, such as the probability
density distribution of changes in flight parameters,
have been extensively studied by many authors
[2]-[5]. Some studies focus on statistical
information processing [6]-[9]. The works discuss
expectation maximization algorithms, parameter
vectors associated with threats, and other
algorithms [10]-[12]. These scientific
investigations have formed a significant foundation
for current research.

Problem Statement

In previous articles, a number of methods for
training pilots to counteract the simultaneous
influence of adverse factors, i.e., factorial overlaps,

were considered. During complex onboard
equipment failures, it is advisable to assess the
quality of piloting using correlation fields of flight
parameters. The method for determining piloting
quality based on contours (contour figures) of
correlation fields of flight parameters under
avionics and onboard equipment failures
demonstrates sufficient effectiveness for creating
analyzers of early failure indicators [13].

The analysis of autocorrelation functions and
their spectra was applied to evaluate the quality of
the landing approach on the B-737-500 using a
shortened glide path. High gain coefficients in the
autocorrelation functions and their spectra were
observed during the shortened glide path approach
[14].

As a result of studies conducted on the KTS
An-148 simulator, it was established that, in the
absence of failures or with single failures, the
statistical distribution of such important parameters
as roll and pitch angles does not contradict the
normal distribution law. Under the simultaneous
effect of more than two severe failures, the
statistical distribution of the roll angle conforms to
a generalized Weibull distribution. During such
“flights,” the quality of piloting deteriorates. The
level of psychophysiological stress in the pilot
increases. Cases in which flight parameters exceed
permissible limits are observed more frequently.
These limits are established in the flight operations
manual of the respective aircraft type [15].

One of the variants of the procedure for
applying trend algorithms to analyze pilots’
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counteraction to overlapping factors is as follows.
Given numerical data or plots of changes in
heading, roll, and pitch (y) from the end of the
fourth turn to landing, it is necessary to determine
the distances from extrema to zero. Then, the
differences between subsequent extrema (without
taking the absolute value) of each parameter are
calculated. The resulting amplitude values (A) are
taken in absolute value. The maximum and
minimum values of A for each parameter are
identified (under the condition A > 1’). The half-
periods (T) corresponding to the maximum and
minimum values of each parameter, are then
calculated:

AA — max mm AT — mfil)'(' mm (1 2)

After thlS, a general picture of the
multichannel  variation of parameters is
constructed:

AAA, o = \/AA§ + AA2, + AA%;
(3,4)

Amphtudes can be measured and plotted on
the coordinate axis when working with numerical
values in degrees, and when working with
graphs—in  arbitrary  units; the periods,
respectively, are expressed in seconds and in
arbitrary units.

When using trend algorithms, it is advisable
to compare () the deflections of the ailerons, rudder,
and elevator with (AAA, ,, ») the changes in the
parameters:

AASy g = \JASE + ASE + ASE; (5)
AAA, 5 = \/AA; + 4AA% + AA3. (6)

For example, during turbulence, the
discrepancy can be used to assess the quality of
piloting technique, since in severe turbulence
an experienced pilot does not allow large
deviations of parameters, although the use of
the rudder and ailerons is significant. In the
presence of objective monitoring systems
(OMS) on a full-flight simulator (FFS), this factor
may be disregarded, since turbulence can be
excluded from the instructor’s control panel.

Problem Solution

From the above-mentioned methods, the
issue arises of the prompt and convenient transfer
of the results of assessing the quality of flight crew
training to flight safety instructors. Previously,
pilot counteraction charts for factor overlap based
on the half-period values of the roll angle,
indicating maximum amplitudes during the landing

approach, were developed. A zone of factor
resonance was identified, where the highest values
of the roll angle were observed. However, these
data are insufficient. At present, computing
technology has significant capabilities.

During the landing approach, changes in the roll
angle exhibit an ergodic and stationary nature.
Therefore, for analysis, the autocorrelation
function is sufficient (Fig. 1). For further analysis,
it is advisable to compute the amplitude spectrum
in Mathcad (Fig. 2) using the fast Fourier transform
function fft(v).
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Fig. 2. Listing of the calculation of the spectrum of the
normalized and non-normalized autocorrelation functions
of the roll angle from the end of the fourth turn to landing

Further, a comparison of the maximum and
minimum values of the spectrum of the non-
normalized autocorrelation function of the roll
angle from the end of the fourth turn to landing
is carried out according to formula (1).

However, the roll angle does not provide
complete information about flight quality.
Therefore, for analysis it is necessary to use
formulas (1-4) of the trend algorithms. In the
chart provided to the flight crew training
instructor (Fig. 3), the final assessment of crew
training quality should be indicated, i.e., the
result of comparison using trend algorithms of
“flights” and the spectra of autocorrelation
functions with and without failures.

[ Full Flight Simulator (FFS) l

Flight parameter data Flight parameter data
(with failures) (without failures)

v v
Amplitude difference
coefficients by trending
function spectrum

Amplitude difference
coefficients by autocorrelation
function spectrum

v A 4
Amplitude difference ’ Amplitude difference |

coefficients by trending coefficients by trending ‘
algorithms algorithms

v v

’ Comparative analysis results for flight instructors }

v

[ Comparative analysis results for flight instructors ’

Fig. 3. Data processing scheme for presentation to
instructors

Methodological Recommendations

1. Command staff and instructors should be
aware that modern aviation events are of a low-
probability nature and, despite pilots being
trained to act in special situations, the causes of
most aviation events related to the human factor
are the crew’s inability to act adequately in the
occurrence of low-probability overlapping

factors.
2. Flight instructors must know and teach
crews theoretical information about the

phenomenon of increasing amplitudes of aircraft
flight parameters (IAPFP), which may lead pilots
to erroneous actions.

3. Command staff should introduce into
pilot training programs on complex simulators
(CTS) training for crews in counteracting

complex failures (three simultaneously acting

failures)  that  simulate  low-probability
overlapping factors.

4. CTS instructors should determine
deviations in piloting technique quality

associated with TAPFP using special charts
(developed at the National Aviation University
“KAI”), which will allow identification of such
negative phenomena as factor resonance and the
amplification of pilots’ dynamic stereotype.

5. CTS instructors should introduce failures
before the fourth turn, and these should not affect
the aerodynamics or controllability of the
aircraft.

6. When a deterioration in piloting
technique quality associated with IAPFP is
identified, the instructor should draw the
pilot’s attention to this and conduct a
repeated “flight” with complex failures.

7. Command staff should organize the
collection of information on the level of crew
preparedness to counteract negative
overlapping factors and transmit it for further
analysis to specialists in the human factor.

The analysis of distribution laws requires a
larger amount of experimental data and,
accordingly, time. In the chart for quantitative
analysis, it is necessary to record the
difference in the values of x> of the normal
distribution law for “flights” with failures and
without them.

For qualitative analysis of flights with failures
and for further work, it is necessary to determine
to which theoretical distribution of flight
parameters the obtained statistical distribution
can be attributed (Fig. 4).

When performing complex flight tasks, the
pilot requires real-time information about the
quality of automation operation in the aircraft
control system.

However, the system may sometimes fail. As
a result, it can misinform the pilot. One of the
causes is distorted information received from
individual sensors. Another cause is failures
occurring in electronics, mainly associated with
p—n junctions (n — negative, electronic; p —
positive, hole-type; or an electron—hole
junction—the region at the interface of two
semiconductors of p- and n-type, in which the
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transition from one type of conductivity to
another occurs) in electronic components.

Full Flight Simulator (FFS)

P S
Flight parameter data Flight parameter data
(with failures) (without failures)

h 4 h 4
Deviation from normal
distribution (x2
goodness-of-fit test)

Deviation from normal
distribution (x2
goodness-of-fit test)

A 4 v

Deviation from Comparative
analysis results

normal distribution
(x2 goodness-of-fit test)
A4 \ 4
I Comparative analysis results ]

h 4 v A 4
Consistency of the statistical distribution density ‘

with the selected theoretical model

Fig. 4. Data processing scheme for research purposes

In the case of complex failures of onboard
equipment, it is advisable to assess the quality of
piloting technique using correlation fields of
flight parameters.

Indicators of the strength of the relationship
make it possible to characterize the dependence
of the variation of the resultant variable on the
variation of the factor variable.

In the analysis of correlation field contours,
the most promising approach is the study of the
relationship between the angle of attack and the
roll angle. In this case, the relationship between
the parameters a (angle of attack) and vy (roll
angle) is investigated, and based on its type, the
presence or absence of a failure is determined.

The angle of attack a is the angle between the
projection of the aircraft velocity onto the X, Y,
Z plane and the longitudinal axis of the aircraft-
fixed coordinate system. The angle is considered
positive if the projection of the aircraft velocity
onto the normal axis is negative.

The roll angle y is the angle between the
lateral axis and the axis displaced to the position
corresponding to zero yaw angle of the aircraft.
The angle v is positive when the displaced axis
coincides with the lateral axis by a clockwise
rotation when viewed in the direction of the
longitudinal axis.

The application of the contour correlation
field method for diagnosing complex flight
situations. It has been scientifically and

experimentally proven that when avionics
failures occur in the flight control system, the
configuration of the contour field, which
determines the correlation relationship between
piloting technique parameters, changes from
stochastic to functional.

The forms of manifestation of relationships
are very diverse; in the most general form,
functional and correlation relationships are
distinguished.

Thus, visual analysis of the correlation field
makes it possible to identify not only the
presence of a statistical dependence (linear or
nonlinear) between the studied variables, but also
its strength and form. This is of essential
importance for the next stage of analysis—the
selection and calculation of an appropriate
correlation coefficient.

The correlation dependence between variables
can be described in various ways. In particular,
any form of relationship can be expressed by a
general equation of the form Y = f(X), where the
variable Y is a dependent variable, or a function
of the independent variable X, called the
argument. The correspondence between the
argument and the function can be represented by
a table, formula, graph, etc.

In the case of a failure, correlation fields
effectively disappear, and a deterministic
functional  relationship  between piloting
technique parameters emerges.

The problem of recognizing complex avionics
failures of aircraft using the contour correlation
field method makes it possible to create a new
type of failure analyzers that enable the pilot to
recognize a complex flight situation and make
the correct decision to ensure flight safety.

Thus, the proposed method for determining
piloting quality based on the contours (contour
figures) of correlation fields of flight parameters
consists in identifying the presence or absence of
areas of contour figures of correlation fields of
flight parameters, thereby detecting the initial
signs of the appearance or absence of avionics
failures under complex flight conditions.

The method for determining piloting quality
based on contours (contour figures) of
correlation fields of flight parameters under
avionics and onboard equipment failures
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demonstrates sufficient effectiveness for creating
analyzers of early failure indicators.

During complex failures associated with
transitions from flight segments of the trajectory
to non-flight segments and back, effects of
complete transformation are observed, with
planar contour figures converting into linear
configurations.

The transition to the analysis of correlation
field contours when recognizing contour figures
is limited to 4—6 reference points in order to
detect signs of complex failures based on the
presence or absence of contour areas. This is
critically important for analyzing rapidly
occurring failures, the cycles of which are
comparable to the sensorimotor reaction time of
aviation operators.

Consider, for example, an experiment on the
AN-140 aircraft with engine shutdowns to
simulate failures. The first and second engines of
the AN-140 were sequentially shut down during
cruise flight at an altitude of 3.5-4 km. This
simulation was necessary to analyze failures that
do not lead to non-flight segments of the
trajectory, as well as to determine how the
contour areas of correlation fields transform
under such class of failures.

The results of the engine failure simulation on
the AN-140 aircraft are presented in Tables 1-2
and in Fig. 5 [16]. Flight prior to failure, with the
first engine operational, is shown in Table 1 and
Fig. 5.

Table 1. Flight parameters prior to failure of the
first engine

Paramet | oo | AL | At | At | Ats
ers

a 11 10 2.5 5 5

Y 2.5 7.5 -2 18 0

-20° =16% 0° 10° 20°

.
Fig. 5. Flight prior to failure of the first engine

Next, in a similar manner, the areas of the
correlation fields were determined during and
after the engine failure.

During the failure, the first engine was non-
operational.

The areas of the correlation field contours
were determined (Table 2):

A. For the first engine:

S1=75cm2

S2 =30 cm2

S3 =50 cm2

AS1=75/50=1,5

AS2 =30/75=04

AS3 = during failure / after failure ==0,6
Table 2. Determination of correlation field areas

Indicator | Before During After

Type Failure Failure Failure
S;1=75 S, =75 S3=175

S cm’ cm’ cm’

Comparis

on AS1=1.5 |AS2=04 | AS:=0.6

Indicators

Thus, it is necessary to conduct a sufficient
number of experiments according to the “fit” /
“unfit” principle (Fig. 6).

‘ Full Flight Simulator (FFS)

Deviation from norm of
flight correlation field area
(without failures)

of flight correlation field area
with failures

Deviation from norm

v v

Comparative analysis results

Fig. 6. Assessment of pilots’ piloting quality based on
correlation field areas

This proposal for developing a card to assess
pilots’ piloting quality based on correlation field
areas requires the development of a program and
a sufficient amount of statistical data on flight
parameters.

It should be noted that a large number of
specialists are engaged in pilot training for
emergency flight situations [17-20].

Conclusions

The developed scheme for assessing pilots’
piloting quality, based on amplitude difference
coefficients of flight parameters, the spectrum of
autocorrelation  functions, and amplitude
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difference coefficients of parameters according
to trend algorithms, is intended to provide
information to instructors. The presented
calculation listings demonstrate the feasibility of
developing real-time data transmission to the
instructor team, as well as subsequent storage in
a database.

Refined data on deviations from the normal
distribution and the correspondence of statistical
distribution density to the selected theoretical
distribution, according to the x> goodness-of-fit
criterion, will allow rapid and accurate
assessment of piloting quality in emergency
flight situations. In the same manner, calculations
of electronic equipment reliability are performed.

Assessment of pilots’ piloting quality based
on correlation field areas provides additional
information and may be useful as supplementary
visual data.

Critical roll and pitch angles can lead to the
risk of lift loss. This is especially dangerous at
low altitudes, i.e., along the glide path. Analysis
of the autocorrelation function spectra of roll and
pitch angles in actual flights has shown a
deterioration in piloting technique quality with a
shortened glide path, whereas no such
deterioration occurs with a normal glide path.
This decline in piloting quality is associated with
increased psychophysiological stress on crew
members. Training in this area should be
conducted on a comprehensive aircraft simulator.
Prior to entering the glide path, comprehensive
failures should be simulated to induce
psychophysiological stress on the crew. The
positive outcome of such training will be uniform
amplitude indicators of roll and pitch angles,
both with and without simulated failures.
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Hryshchenko Y., Tachinina O., Chuzha O., Solomakha T.
GENERALIZED ALGORITHM FOR ASSESSING PILOT PREPAREDNESS FOR

SPECIAL FLIGHT SITUATIONS

Currently, significant attention is paid to the training of flight personnel for emergency flight situations.
During training on full-flight simulators, various scenarios involving aircraft system failures are practiced.
However, it is practically impossible to simulate the simultaneous occurrence of multiple avionics failures.
Therefore, in addition to rehearsing specific scenarios, it is necessary to conduct anti-stress training. This training
involves simulating the simultaneous impact of multiple adverse factors in a real flight (factorial overlaps) by
introducing three concurrent failures on a full-flight simulator. This article is devoted to optimizing the application
of methods developed at the Department of Avionics and Control Systems for preparing aircraft crews for flights
under emergency conditions. Schemes have been developed for creating functional evaluation cards for assessing

flight personnel performance by instructors.
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Keywodrs—Human factor;, parameter amplitude; autocorrelation functions; spectrum analysis, flight
piloting technique.

I'pnenko 1O., Taunnina O., Yyxka O., Conromaxa T.

YHI®IKOBAHUI AJITOPUTM OLIIHIOBAHHS TOTOBHOCTI ITIJIOTA JIO
CIEIIAJIbHUX JIITAKOBAX CUTYALIN

Ha cvbo200Hi 3uauna yeaza npuoinaemucs nio2omosyi 160mHo20 nepconany 00 Ha036UYAHUX cumyayiil
nio wac nonvomy. I1i0 uac HasuamHs HA NOBHOPOIMIPHUX MPEHANCEPAX SIONPAYbOGYIOMbCS PIZHOMAHIMHI
cyenapii, nog’sazami 3 giomosamu cucmem gimanvrozo anapamy. OOHAK NPAKMUYHO HEMONCIUBO 3MO0eN08am
OOHOYACHY NOSIBY KIIbKOX GIOM06 agioHiku. Tomy, Kpim 6iOnpayiosanHsi KOHKPEMHUX CYeHapiis, HeoOXiOHO
npoeodumu anmucmpecoge nasuauus. Taxe Haguanus nepedbauae MoOeno8anHs OOHOUACHO20 6NIUBY KilbKOX
HeCHpUAmMAUUX paxmopie y pearvHOMY NOAbOMI (akxmopianbHi HAKAAOAHHA) WIIAXOM 68€0€HH MPbOX
OOHOYACHUX BIOMO8 HA NOBHOPOMIDHOMY mpeHadxcepi. Y yiti cmammi po3ensioaemvcs Onmumisayis
3aCMOCYBaHHST Memoois, pO3pOONeHUX Ha Kageopi agioHiKu ma cucmem Kepy8auHs, OJid NIO20MOBKU JIbOMHUX
eKinaicie 00 nonbomis 3a Hao36UUAUHUX YM08. Pospobneno cxemu cmeopenns YHKYIOHANbHUX OYIHIOBANLHUX
Kapmox 0151 OYiHI08aHHA pOOOMU TbOMHO20 NEPCOHATY THCIPYKMOPAMU.

Knrouoei cnosa — nrodcwvkuti pakmop, amniimyoa napamempa, agmoKopersyitiHi hyHKyii; cnekmpanbHutl
aHaniz;, mexuika nilomyeaHHsi.
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