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Abstract—This article deals with issues related to assessing the impact of the pilot's psychophysiological
pressure on the quality of the flight piloting technique. The quality of the aircraft control technique was
evaluated by changing one of the flight parameters, namely the pitch angle during the landing approach.
The analysis of the autocorrelation functions of the controlled parameter and their spectra were used to
conduct the research. The proposed mathematical apparatus makes it possible to track the moment the
pilot's psychophysiological pressure increases to a state of emotional instability, build a function of its
influence on the quality of the flight piloting technique, and develop an effective method of anti-stress

training for crews.

Index Terms—Autocorrelation functions; human factor; spectrum analysis; flight simulator; flight

piloting technique.

I. INTRODUCTION

The problem of flight safety is one of the key
problems in the aviation industry. Safety issues must
be brought to the fore, and flight safety technologies
must be constantly improved. Since the lives of the
entire crew and passengers on board the aircraft
depend on safety, awareness of the importance of
safety and its efficiency issues in aviation is the
main driving force for its continuous development.

According to statistics, the cause of 80% of
aviation incidents and disasters is the human factor.
Therefore, it is significant to study all the factors
influencing a person and to be able to manage the
emotional component of the aviation crew. A person
can be unpredictable in his actions and emotions. To
acquire skills to deal with stressful factors, an
aircraft pilot needs experience that can provide such
countermeasures.

The main goal in the analysis and research of the
human factor is to find out the human operator's
physical, psychological and other capabilities and
limitations in certain conditions and environments.
In the future, the obtained research results will help
to understand how to avoid aviation incidents caused
by the human factor and, in particular, to improve
the professional training of pilots with the help of

unique methods developed to prevent these
incidents. Another aspect of using the results of such
studies is the creation of conditions for comfortable,
safe and effective human work in the energy system.

To understand the effectiveness of a pilot as an
operator when controlling an aircraft at various
stages of its flight, it is necessary to assess the
quality of its flight piloting technique. This
procedure allows for a deeper analysis of flight
information and to identify the most dangerous areas
of the flight. Also, it helps to create measures to
counter negative factors that come out when piloting
an aircraft.

This article examines the impact of changes in
flight parameters, namely changes in the pitch angle,
on the quality of aircraft control techniques. For an
in-depth description of flight parameter changes, the
analysis of the autocorrelation function and its
spectra is used.

II. PROBLEM STATEMENT

The purpose of this work is to assess the quality
of the aircrew flight piloting technique in the ergatic
system.

The papers [1], [2] considered the issue of
assessing the quality of the piloting technique in the
horizontal plane by the angle of roll in the director
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control mode [3]. The studies were carried out on
the flight simulator An-148 and B-737-500.

In this paper, we analyze the data from the
transcripts of real flights of the B737NG, An-148
and the An-148 full flight simulator in the vertical
plane along the pitch angle on the glide path. To do
this, a spectral analysis of the autocorrelation
functions of the pitch angle is carried out. A block
diagram of the aircrew training is developed taking
into account the results obtained.

III. PROBLEM SOLUTION

The autocorrelation function makes it possible to
characterize the degree of correlation between
individual elements of a time series presented as a
random process. In our case, such elements are pitch
angle amplitude values.

In the case of the analysis of flight parameters, in
particular, changes in the pitch angle, the
autocorrelation function provides a complete
description of random processes and makes it
possible to track at which moment the pilot's
psychophysiological pressure increases. Flight
analysis with the help of the autocorrelation function
significantly expands the possibility of obtaining
statistical data about the flight.

The first negative values of amplitudes by
modulus indicate that the pilot's stress level is
increasing. Such a change is dangerous and can
cause the pilot's movements to become hasty and
imprecise or completely uncontrolled, which in turn
can cause critical angles of attack to be reached and
cause the aircraft stalling.

When calculating the autocorrelation function, we
used graphs of real flights on a modern Boeing 737
NG aircraft. To calculate the autocorrelation
function, we first determined the pitch angle change
amplitude during four flights. After that, the
normalized autocorrelation function was calculated
using the formula:

K(0)= 350 (0,-m) (0, -m))

where N is the number of observations in the time
series ¢, 0; is the pitch angle amplitude, i = 1, 2, 3; m
is the mathematical expectation, ¢ is the mean
square deviation.

And then calculate the unnormalized
autocorrelation function according to the formula:

w(t)

= O, m)®,, -]

To calculate the spectrum of autocorrelation
functions 0 for discrete values, we use the Fourier
integral formula:

—i2mit

S =yN'Ke ¥ .

We will analyze the autocorrelation functions of
four flights in the airline on the Boeing 737 NG
aircraft.

Let's analyze the autocorrelation functions of the
pitch angle. Figure 1 shows the full calculations of
the normalized and unnormalized autocorrelation
functions for flight parameters #1.

So, first, let's consider the spectrum calculations

for flight #1:

On Figure 2 shows the calculation of the
spectrum  of normalized and unnormalized
autocorrelation functions for flight #1. The

maximum values of the amplitudes of the spectra of
normalized and unnormalized autocorrelation
functions are equal to 2.6755, 9.108, respectively.

The next step is to calculate the spectrum of
autocorrelation functions for flight #2. The maximum
values of normalized and unnormalized autocorrelation
functions are equal to 1.7532, 5.462 (Fig. 3).

During the spectral analysis of flight parameters #3, it
became known about its maximum values, which are
equal to 1.3185, 5.1336 (Fig. 4).

Data from the analysis of normalized (yl) and
unnormalized (y2) spectra of autocorrelation functions of
the pitch angle during landing approach of B-737 NG
under normal flight conditions are presented in Table I.

These data indicate the good quality of the flight
technique of the aircrews. Pilot 3 has a slightly better
piloting technique.

Next, an analysis of the real flight without failures of
the An-148 aircraft on the glide path is carried out
according to the autocorrelation function (Fig. 5) and its
spectrum (Fig. 6), which is 0.40339, 3.1291.

There is an approximate correspondence between the
data of flights without failures of the B-737NG and An-
148 aircraft.

Now let's consider the negative effect of complex
failures on the psychophysiological pressure of the crew
on the full flight simulator An-148.

Next, an analysis of the real flight without failures of
the An-148 aircraft on the glide path is carried out
according to the autocorrelation function (Fig. 7) and its
spectrum (Fig. 8), which are equal to 1.7885, 70.893.

The maximum values of the unnormalized spectra of
autocorrelation functions during a real flight on the An-
148 without failures and with complex failures on the An-
148 full flight simulator differ in 22.656 times.

To avoid such phenomena, it is necessary both to
prepare the crews for special cases on the full flight
simulator and to prompt the crew for actions in flight.
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Fig. 1. Listing of the calculation of normalized and unnormalized autocorrelation functions
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Fig. 3 Listing of the spectrum calculation of normalized and unnormalized autocorrelation functions for flight #2
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Fig. 4. Listing of the spectrum calculation of normalized and unnormalized autocorrelation functions for flight #3

TABLE L. ANALYSIS DATA OF NORMALIZED (Y1) AND UNNORMALIZED (Y2) SPECTRA OF AUTOCORRELATION
FUNCTIONS OF THE PITCH ANGLE
Flight number yl y2
1 2.6755 9.108
2 1.7532 5.462
3 1.3185 5.1336
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The increase in the amplitudes of the aircraft
parameters is directly related to the change in the
psychophysiological state of the pilot.

0
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A comprehensive analysis of the function, where the
flight parameters are presented, can help determine the
psychophysiological state of the pilot and show his level
of training (Fig. 9).
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Fig. 9. Scheme of signaling in case of determine psychophysiological pressure of the pilot

The first step in the operation of the system is to
determine the pitch angle of the aircraft, the amplitude of
changes in its parameters using telemetry data of the
aircraft. These indicators directly characterize how
smoothly the aircrafft moves. To calculate the
autocorrelation function, we collect the input data of the
flight amplitude. In our case it is the parameters of the
pitch angle. As a result of calculating the function, we
have graphs that show us in what condition the pilot is. If
the calculation of the autocorrelation function results in
negative values on the graph, it indicates that the pilot
feels tension and his stress level may increase depending
on the number and magnitude of negative values. The
system defines this indicator as evidence that the pilot-in-
command is under psychophysiological tension. In this
case, the system works and displays recommendations for
reducing stress and directs the pilot's attention to the
information that will help him return the aircraft to a safe
position.

IV. CONCLUSIONS

Thus, as research has shown, for assessing the quality
of piloting techniques, the technique of using
autocorrelation functions, depending on the researched
random parameter, has a high enough informative capacity,
which can give a complete description of this process.

The analysis of autocorrelation functions and their
spectra showed that at certain sections of the flight, at
appropriate time intervals, the pilot transitions between a
normal emotional state and a state of emotional
instability. Such an analysis shows the time intervals of
flights in which the pilot was maximally exposed to stress
and psychophysiological pressure.

During the analysis of changes in the quality of
piloting using the oscillograms of Boeing-737-NG flights,
it was determined that the random pitch angle function is
ergodic and stationary in nature.

Based on the graphs presented above, it can be argued
that during the landing approach, if the pilot moved with
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10. B. I'pumenko, T. O. Ilinuyk, B.I.Pomanenko, O. II. Cuaobonsin. BniauB mncuxogizionoriynoro
HABAHTA’KEHHSI MJIOTA HA AIKICTh TEXHIKM MiJIOTyBaHHSA

B nawiii craTTi po3mISHYTI MUTaHHS, SIKI 1TOB’53aHI 3 OLIHKOIO BIUIMBY NCHXO(]i310JI0TIYHOI HAIIPY)KEHOCTI IIiJI0Ta Ha
SIKICTh TEXHIKU MUIOTYBaHHS JITaKOM. SIKiCTh TEXHIKHM KEpYBaHHS MOBITPSHAM CYJHOM OIIHIOBAJIaCh 3a JIOMOMOTOIO
3MIiHM OJIHOTO i3 MapameTpiB MOJbOTY, & caMe — KyTa TaHraka NpW 3axo[i Jiitaka Ha mocaiky. J[is mpoBeneHHs
JIOCITIJPKEHHS] BUKOPUCTOBYBABCS aHAJ3 aBTOKOPENAIMHUX (DYHKIIiH KOHTPOJILOBAHOTO MapaMeTpa Ta iX CIEKTPH.
3anpornoHoBaHUil MaTeMaTUYHHWH amapar Ja€ MOXJIHMBICTh TPOCIIAKYBaTH Y SKUH MOMEHT Icuxodi3ionoriyna
HANPYXEHICTh IJIOTa 3pOCTa€ 10 CTaHy EMOIiHOI HecTaOlIbHOCTI, MoOyayBatu (YHKIiO i1 BIUIMBY Ha SIKICTh
MJIOTYBaHHS JIiTaka, Ta PO3poOHTH e()eKTHBHY METOIUKY aHTHCTPECOBOI IiITOTOBKH EKiMaKiB.
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