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Abstract—This article addresses issues related to assessing the impact of a pilot's psychophysiological
stress on the quality of aircraft piloting techniques. The quality of aircraft control was evaluated through
changes in flight parameters, specifically the roll and pitch angles during the landing approach. The
study utilized the analysis of autocorrelation functions of the controlled parameter and their spectra. The
proposed mathematical apparatus allows tracking the moment when the pilot's psychophysiological stress
increases to the point of emotional instability, constructing a function of its influence on the quality of
aircraft piloting. This method is necessary for improving crew training for special situations in flight.

Index Terms—Human factor; parameter amplitude; autocorrelation functions; spectrum analysis; flight

piloting technique.

I. INTRODUCTION

A significant number of aviation incidents are
caused by pilot errors, especially during critical
flight phases. The International Civil Aviation
Organization (ICAO) has classified the main types
of aviation incidents, with a substantial portion
falling into categories such as Loss of Control
(LOC), Controlled Flight Into Terrain (CFIT), and
Approach and Landing Accident (ALA) [1].

The automation of control processes helps reduce
the cognitive load on pilots, as the amount of
information per unit of time increases during landing
approaches, while the human operator's (pilot's)
capabilities for perception, comprehension, and
processing of information are limited. The pilot's
attention and reaction to aircraft deviations approach
their physiological threshold, exceeding which can lead
to an aviation incident. Therefore, when considering
the economic efficiency and regularity of flights, it
is essential to prioritize the primary qualitative
indicator of civil aviation activity—flight safety.

Flight safety involves the continuous
identification of hazardous factors and risk
management. Hazardous factors during landing can
include bringing the aircraft to critical flight
conditions, which, under low altitude and low-speed
conditions, leads to the risk of aircraft stalls.

Preventing the aircraft from reaching critical
conditions during landing requires constant
monitoring and improving crew training quality.

It is known that an aircraft stays airborne due to
the lift force (L), which is generated by the wing and

is a result of pressure differences. The lift force
depends on the air density (p), the velocity of the air
relative to the wing (V), the wing area (S), and the
lift coefficient (C.), which is expressed by the
equation [2]:
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The air density (p) within the vertical cross-
section of the glide path changes little, and the wing
and fuselage area (S) of the aircraft remains almost
constant, so they have minimal impact on the change
in lift force. The lift force is more significantly
affected by the aircraft's airspeed (V) and the lift
coefficient of the aircraft's aerodynamic surfaces
(C.), which is a function of the angle of attack of the
wing [3]. Additionally, a parameter that accounts for
the combination of all forces acting on the aircraft is
the load factor (n), which characterizes the aircraft's
maneuverability. A reduction in lift force to a level
below the aircraft's weight leads to a loss of altitude
(Fig. 1), and a sharp decrease in lift force results in a
stall and a subsequent fall. Therefore, one of the
main dangers for an aircraft is a stall due to a critical
reduction in lift force (L).

Landing an aircraft consists of a descent segment
and the actual landing distance. During the descent
phase, the aircraft follows a sloping trajectory
downward from the approach altitude to the flare
height of about 15 meters above the ground,
maintaining a constant descent speed (V) that
should exceed the stall speed (Vs) by 1.3 times.
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Fig. 1. Forces Acting on an Aircraft

During the landing approach, risk factors that can
lead to a loss of lift and a stall at low altitudes
include [3]:
loss of airspeed;
critical angles of attack;
exceeding weight limits;
critical roll angles;
influence of weather conditions.

When the true airspeed (TAS) is lost, the lift
force will decrease. To maintain lift at a level
sufficient to compensate for the weight, it is
necessary to increase the lift coefficient (C.), which
means increasing the angle of attack (a)). Therefore,
the slower the speed, the greater the angle of attack
should be until the lift coefficient reaches its critical
maximum value (Cpn.), and the angle of attack
becomes critical (aS). Further increasing the angle
of attack will result in a sharp decrease in the lift
coefficient and an aircraft stall. In this case, the stall
speed can be determined by the expression:

2L
V= |——=—.
pCLmax

To maintain the aircraft in level flight, i.e., with a
constant vertical load factor (7, ), the lift force (L)
must compensate for the weight of the aircraft (W).

N,y = W =1.

Landing with an exceeded landing weight
(nzw<1) leads to an increase in the calculated stall
speed (Vsg).
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Therefore, the minimum landing speed (¥7min)
needs to be increased as well. This factor is relevant
for landing aircraft after an emergency takeoff when
the fuel quantity is maximal.

Critical roll angles (y = AOR) during landing
affect the lift force of the aircraft. During a roll, the
lift force (L) is divided into components, where the
vertical component (L), which compensates for the
weight of the aircraft, becomes smaller. As a result,
the aircraft starts to lose altitude with a sliding
motion towards the tilted wing, which is dangerous

at low altitudes (Fig. 2), so it is necessary to increase
the lift force [4]. At a roll angle of y = 45°, to
stabilize the altitude, the lift force should increase by
a factor of 1.4.

Vertical
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Lift

Centrifugal
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Fig. 2. Dependence of lift force on roll angle LV = f(y).

The increase in the number of aviation incidents
in recent years is due to the growing degree of
automation of aircraft to simplify crew operations.
This leads to a loss of piloting skills by the crew in
extreme conditions, which 1is evident when
automated control systems fail, especially at low
altitudes and speeds during landing approaches.
Therefore, the detection of deteriorating piloting
skills should be a priority among measures to
enhance flight safety.

II. PROBLEM STATEMENT

After preliminary evaluation of the piloting
technique quality by the airline pilots, we will select
the most indicative flights [5]. Additionally, flights
during landings at the complex X airport are of
interest. We will conduct spectral analysis of the
autocorrelation functions of the roll angle of these
flights (Fig. 3).

a)
Fig. 3. Listing of the calculation of the spectrum of the
unnormalized autocorrelation function: (a) is the Pilot 1.
Flight 12. Antalya. Heading 185 degrees. (After the 4th
turn for landing, ¢ = 240 s); (b) is the Pilot 2. Flight 7.
Antalya. Heading 2 degrees. (After the 4th turn for
landing, # = 100 s); (c) is the Pilot 2. Flight 11. X. Heading
270 degrees. (After the 4th turn for landing, ¢ = 60 s); (d) is
the Pilot 3. Flight 17. N. Heading 47 degrees. (After the
4th turn for landing, =260 s)
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Fig. 3. End. See also p. 101
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TABLE 1. CALCULATION OF SPECTRA OF
UNNORMALIZED AUTOCORRELATION FUNCTIONS
SAMPLES OF FLIGHTS WITH DIFFERENT GLIDE PATH

LENGTHS
Pilot’s | The name of the airport of | Flights after the
namber landing 4th turn for
landing
1 Antalya. Heading 185 87.758
degrees. (After the 4th turn
for landing, t = 240 s).
2 Antalya. Heading 2 19.36
degrees. (After the 4th turn
for landing, = 100 s).
2 X. Heading 270 degrees. 185.96
(After the 4th turn for
landing, = 60 s).
3 Pilot 3. Flight 17. N. 23.556
Heading 47 degrees. (After
the 4th turn for landing,
t=260s).
Let's consider the difference in maximum

amplitudes  of  spectra  of  unnormalized
autocorrelation functions during landing approaches
at Antalya airport between flights after the 4th turn
for landing.

© _87.758-19.36

= = 0.63853.
87.758+19.36

Let us consider the difference in the maximum
amplitudes of the spectra of non-normalized
autocorrelation functions during the approach to
airport X and N after the 4th turn before landing.

_ 185.96-23.556

=22 _().77514.
185.96 +23.556

Let us consider the difference in the maximum
amplitudes of the spectra of non-normalized
autocorrelation functions during the approach to
airport X and N after the 4th turn before landing.

During the approach to Antalya airport, all
pilots adhere to the limitations set by the Flight
Operations Manual (FOM). The bank angle
limitation is 28° according to the FOM. After the
4th turn for landing, the first pilot shows maximum
values of unnormalized spectra, while the second
pilot shows minimum values. During the landing at
airport X, the bank angle for the second pilot
reached 20 degrees. This is due to a shallow glide
path during landing. The pilot's technique
resembles a "damped sinusoid." The pilot
demonstrated high-quality piloting skills. However,
a less experienced pilot in this situation could have
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struggled. It is worth noting that such a shortened
glide path may lead to increased psychophysiological
stress. For an untrained pilot in this regard, this
could result in a deterioration of piloting skills.

The data analysis of unnormalized (u) spectra of
autocorrelation functions [6] of pitch angle during
the landing approach of Boeing 737 NG aircraft
under normal flight conditions is presented in
Table II.

TABLE II. THE DATA ANALYSIS OF UNNORMALIZED
(U2) SPECTRA OF AUTOCORRELATION FUNCTIONS
OF PITCH ANGLE

Flight number y
1 9.108
2 5.462
3 5.1336

These data show that there are no significant
changes in piloting technique quality during a
normal glide path.

The deterioration of piloting technique quality on
the glide path is directly related to the deterioration
of landing quality [7].

Therefore, it is necessary to conduct crew
training for in-flight emergencies on comprehensive
aircraft simulators [8]. Crews should be given
failures on the simulator before entering the glide
path. This increases the psychophysiological stress
on the crew members. A similar situation occurs in
real flights during landing approaches with a
shortened glide path.

III. CONCLUSIONS

Critical roll and pitch angles can lead to the risk
of loss of lift. This is especially dangerous at low
altitudes, i.e., on the glide path. Analysis of
autocorrelation function spectra of roll and pitch
angles in real flights has led to the conclusion that
there is a deterioration in piloting technique quality
with a shortened glide path. This deterioration does
not occur with a normal glide path. The deterioration
in piloting technique quality is associated with
increased psychophysiological stress on crew
members. Crew training in this area should be
conducted on a comprehensive aircraft simulator.
Before entering the glide path, comprehensive
failures should be simulated, leading to

psychophysiological stress on the crew. The positive
outcome of training will be uniform amplitude
indicators of roll and pitch angles both with and
without simulated failures.
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IO. B. I'pumienxo, O. O. Yyxka, T. C. Conomaxa. CneKTpajabHUi aHATI3 aBTOKOppeJsAliiHNX PYHKIiH KyTiB
KPeHY Ta TAaHTaXKy

VY craTTi po3MISHYTO MHUTAaHHS, MOB’S3aHI 3 OIHKOIO BIUIMBY NMCHXO(]i310JI0TIYHOr0 HAINPY)KEHHs IJIOTa Ha SIKICTh
TEXHIKH MiJOTYBaHHS JIITAKOM. SIKiCTh KEpYBaHHS ITOBITPSHUM CYIHOM OILIIHIOBaJIacs 3a JIOIOMOTOI0 3MiHH MTapaMeTpiB
MONBOTY, a caMe KYyTiB KpeHa 1 TaHraxy IijJ 4yac 3aXoQy Ha MOCaJAKy Jiitaka. J{Jsi MpOBENeHHS NOCIiIKEHHs
BHUKOPHCTOBYBABCSl aHAIII3 aBTOKOPEILIIIMHUX (PYHKIIKH KOHTPOJIBOBAHOTO MapaMerpa i iX CHeKTpH. 3anpOornOHOBaHHUN
MaTeMaTUYHUH arapaT JAa€ MOXKIIMBICTh BIZICTEXHUTH, B SIKUH MOMEHT IICUXO(]i310JI0TiUHE HANPYKEHHS ITIJI0Ta 3pOCTae
JI0 CTaHy eMOLIHHOI HecTabUIbHOCTI, MO0y yBaT! (YHKIIIO HOTr0 BIUIMBY Ha SIKICTh MUJIOTYBaHHS JiTaka. el meron
HEOOXITHUH JJIs TIOKPAIICHHS IiATOTOBKH EKIMaXiB O OCOOJUBUX CHTYaIllill B MOJIBOTI.

Karwu4osi cioBa: moacekuii Gaktop; amInliTyaa mapamerpy; aBTOKOPENSLiNHI (YHKIIT; aHali3 CHEKTpiB; TEXHiKa
MJIOTYBaHHS TIOJITIB.

I'pumenko 0piii BitamiiioBma. ORCID 0000-0002-1318-9354. JlokTtop TexHIYHUX HAyK. J{OLEHT.

Kadenpa asioniku, DakyabTeT aepoHaBiraiii, CJICKTPOHIKM Ta TEJICKOMYHIiKamii, HamioHaapHUN aBiallidiHUN
yHiBepcurer, KuiB, Ykpaina.

Ocgita: KuiBChbKHii IHCTUTYT 1H)KEHEPIiB IUBLIBHOI aBiarii, Kuis, Ykpaina, (1987).

HamnpsiMm HaykoBOi JisuTbHOCTI: Oe31eKa MOJIbOTIB 1 HaIHHICTh TEXHIYHHUX 1 epraTHYHUX CHCTEM.

Kinpkicts myomikamii: 51.

E-mail: hryshchenkol8@nau.edu.ua

Yy:ka Onekciii Onexcanaposuu. ORCID 0000-0002-4625-2938. Kannunat TexHiyHUX HayK. JIOIEHT.

Kadenpa asioniku, DakympTeT aepoHaBirailii, CJICKTPOHIKM Ta TeJICKOMYHIiKamii, HamioHadpHUN aBiallidiHUN
yHiBepcurer, KuiB, Ykpaina.

Ocgita: KuiBcbkwuii iHCTUTYT BiticbkoBo-IToBiTpsiHux Cuit, Kuis, Ykpaina, (1998).

HamnpsiMm HaykoBOi JisTIbHOCTI: KOHCTPYKIIisl HOBITPSIHUX CY/EH Ta iX aBiOHIKa.

Kinpkicts myomikarmii: 36.

E-mail: oleksii.chuzha@npp.nau.edu.ua

Cosomaxa Tersina Cepriieaa. ORCID 0000-0002-6202-4070. AcucteHt kadenpu.

Kadenpa asioniku, DakyabTeT aepoHaBiraiii, CJICKTPOHIKM Ta TEJICKOMYHIiKamii, HamioHaapHUN aBiallidiHUN
yHiBepcurer, KuiB, Ykpaina.

Ocgita: HanionanpHu# aBiamiduuii yHisepcutet, Kuis, Ykpaina, (2014).

Hamnpsim HaykoBOI AisUTBHOCTI: €KCIUTyaTallis, TeXHiuHe 00CITyTOBYBaHHS Ta PEMOHT 3aC001B TPAHCIIOPTY.

Kinpkicts myomikarmii: 20.

E-mail: tetiana.solomakha@nau.edu.ua



