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Abstract—The article presents aircraft flight data in the landing approach mode, which was obtained on
an integrated flight simulator and in actual flight conditions, processed by various probabilistic-
statistical methods. These data were used to assess the quality of flight crew piloting techniques. We have
reviewed the methods based on the Neyman—Pearson criterion, and the optimal Bayesian criterion is
considered. When using them, we revealed the presence of a deterministic sinusoidal component in the
flight parameters. We also used the method of analyzing autocorrelation functions and the method of
analyzing the spectra of flight parameters of normalized and unnormalized autocorrelation functions. In
a comparative analysis of these methods, we have shown that the most informative approach is the
analysis of the spectra of flight parameters of normalized and unnormalized autocorrelation functions.
This paper shows that the successful completion of the landing stage largely depends on the accuracy of

the aircraft entry to the glidepath intercept point.

Index Terms—Autocorrelation functions; human factor; parameter amplitude; spectrum analysis;

director control mode; flight simulator.

I. INTRODUCTION

An analysis of aviation accidents shows that the
greatest number of them occur due to the fault of the
human operator. A human error in aviation is an
incorrect or untimely action to control an aircraft
without deliberately violating the established rules
of flight operation. Most pilot errors are of a causal
relationship, as they can be due to deficiencies in
onboard information systems and equipment, both in
general and in a specific flight situation. For
example, most modern aircraft do not have standard
equipment to detect the presence of volcanic ash,
dust accumulation or other fine particles in the air.
As you know, they can cause all aircraft engines to
stop and other in-flight failures. An example of
information limitation in the case of an abnormal
situation in flight may be the failure of any
functional aircraft system or avionics failures. Also,
the limitation of information may be due to adverse
weather conditions, difficult flight conditions and
other factors. Such and similar situations lead pilots
to a state of increased psychophysical pressure or
stress. In most cases, this is the cause of an
inadequate assessment of the current situation in
flight and subsequently leads to incorrect actions
when flying the aircraft. Thus, in the presence of the

above factors, we can conclude that it is not entirely
correct to say that only a person was wrong. Also,
the concept of the human factor in piloting implies
the presence of another type of error. They are called
personal nature errors and depend only on the
individual characteristics of the human operator, his
psycho-emotional state and state of health.

One of the effective ways to reduce human errors
and improve flight safety is the continuous
improvement of pilot training. It involves the
training effort of airstaff according to some
techniques. Among these methods, there are also
those devoted to stress-relieving training activity [1].
In the presented work, we aim to improve the
methods of assessing the quality of piloting
techniques in avionics failures.

II. PROBLEM STATEMENT

Aim. Evaluation of the quality of piloting
techniques depending on the impact of negative
factors in flight

On modern aircraft, in most cases, landing is
carried out in automatic control mode. The transition
to the director control mode increases the psycho-
physiological pressure of the aircrew. Failures of
some avionics systems can cause stress for pilots.
The accuracy of the glideslope capture affects the
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quality of the glide path piloting technique [2].
Complex flight simulators make it possible to
simulate such situations. Also, it imparts a stable
skill to counteract psychophysiological pressure and
to deteriorate the quality of piloting techniques.

For manual piloting, it is necessary to keep the
arrows of the flight director display (or its frame in
the multi-function display) in the center. When the
autopilot is engaged, it maintains such a position
automatically. When approaching along with the
Instrument Landing System (ILS), the director
display shows the necessary position of the aircraft
to maintain the heading and glide path [3], [4].

Arrows of flight directors are a very useful tool
that displays hints for directing pilot or autopilot
control signals along a selected and calculated flight
path. These arrows in any type of aircraft are usually
located in the main attitude indicator (flight director,
multi-function display etc.). The arrows show the
required attitude of the aircraft to reach the set
parameters and maintenance of these parameters.

Arrows of the flight directors are used to fly on a
given heading at a given speed and altitude. An
integrated aircraft simulator is used in the training of
pilots to simulate the above flight parameters. Use
the aircraft Mode Control Panel (MCP) to set the
required parameters. We can activate the arrows of
the flight indicators through a special toggle switch

located on the same panel. The arrows are displayed
on the flight director indicator in the form of two
intersecting lines that form a cross shape.

For example, the movement of a vertical arrow
accompanies a change in heading parameters. With a
climb or decrease in altitude, the horizontal arrow
changes its position. When the aircraft moves to the
left, the vertical bar on the instrument shifts to the
left, and when the aircraft moves to the right, the
arrow will shift to the right. With varying climb
times or heading changes, the flight director will
automatically calculate and update the desired
position.

If the pilot manages the directors manually this
will increase his workload. Because he himself must
program the parameters to perform each procedure
Or maneuver.

III. PROBLEM SOLUTION

Methods
characteristics

In flight, inadequate actions of pilots can lead to
aviation accidents (Fig. 1). Methods for assessing
the characteristics of an ergatic control system and a
system for training crews on an integrated flight
simulator are necessary to eliminate an inappropriate
increase in the amplitude of aircraft flight
parameters (IAAFP).

and algorithms for  assessing

Plane crashes that are related to
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Fig. 1.

Methods and algorithms for estimating the
characteristics of ergatic aircraft control systems
require automated processing. The instructor staff
should provide information to the spectra of the
autocorrelation functions of the flight parameter in
the form of coefficients for IAAFP using

Air accidents of modern aircraft, which are associated with IJAAFP

polyparametric trend algorithms. In case of failures
of the system for transmitting information about the
value of the angle of attack or speed over the areas
of correlation fields. Let's consider the presence of a
deterministic component of the flight parameter in
the form of comparative coefficients for flights
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without failure and with failures according to the

Neyman—Pearson and Bayes criteria (Fig. 2).

We can use autocorrelation analysis to evaluate
flight quality from the end of the third turn to the

Parameters of
flight
information
during
trainings on
integrated
aircraft
simulator

fourth and beyond until landing. Let's calculate the
coefficients for modulo comparison of its first
negative  values  y.n,,  using  normalized
autocorrelation functions.

"I Block analysis
Correlation of spectra of Block selection
field analysis | |autocorrelation || of the deterministic
Block analysis unit function component of flight
|| of rend parameters
algorithms v v
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. *| complex processing
—*{ Failure counter *| fthe received >
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Flight stage
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Fig. 2. Scheme of Obtaining Initial Data From Objective Control Systems and Providing them to the Training

Specialists
TABLE L. VALUES ON THE MODULUS OF THE FIRST NEGATIVE AMPLITUDE WHEN FLYING AFTER THE 3%°
TO 4™ TURN AND WHEN FLYING AFTER THE 4™ TURN TO LANDING
No Pilot Flight after the 3rd to 4th turn Pilot Flight after the 4th turn
before landing
1 4 0.0027797 3 0.0093231
2 1 0.019928 1 0.056971
3 1 0.06815 2 0.091785
4 3 0.17819 3 0.12093
5 3 0.18558 1 0.20234
6 3 0.21424 2 0.24683
7 2 0.22582 4 0.30369
8 3 0.23082 1 0.30708
9 3 0.23975 4 0.30907
10 3 0.27341 3 0.33677
11 3 0.27361 3 0.37931
12 4 0.29059 4 0.38101
13 1 0.31251 3 0.41716
14 4 0.33913 2 0.46557
15 2 0.35425 4 0.47752
16 1 0.40327 2 0.51386
17 2 0.41642 1 0.60838
18 4 0.44514 3 0.60857
19 1 0.46516 3 0.61652
20 2 0.46975 3 0.63843
21 3 0.61236 1 0.66751
22 2 0.67 3 0.85517
23 2 0.76226 2 1.2745
24 3 0.82037 2 1.3527
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Next, we group the data according to the value of
Yamp and compile a table as y,m, increases (Table I).
In the next step, we calculate the spectrum of the
unnormalized autocorrelation function with the
smallest exponent y.m, and compare it with the large
exponents [5].

Using experimental analysis, we found that this
method of assessing the quality of piloting
techniques and psychophysiological stress of the
human operator in flight on the B-737-500 is better
from the fourth turn to landing than on the glide
path. With the help of an oscillograph chart, we can
define the flight information and the accuracy of
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glideslope capture. Negligence when entering the
glidepath intercept point in the director control mode
has a negative effect on the quality of flight during
the glide path and landing.

However, the method of analyzing the spectra of
flight parameters of unnormalized autocorrelation
functions seems to be more illustrative for assessing
the quality of the crew's piloting technique.

Figure 3 shows an example of calculating the
spectrum of autocorrelation functions of the bank
angle, and Table II shows the dependence of the
values of their spectra.
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Fig. 3. Listing of the Calculation of the Spectrum of Normalized (yyorm = 6.1635) and Unnormalized (yypnorm = 111.3)
Autocorrelation Functions

TABLEII. THE UNNORMALIZED SPECTRUMS OF AUTOCORRELATION FUNCTIONS
No Pilot Flight after the 3rd to 4th turn Pilot Fl‘gh;:}fffer lt;‘lf d‘:ﬂ; turn
1 3 2.7489 2 19.36
2 3 4.2039 3 23.556
3 3 13.849 1 87.758
4 2 111.3 2 185.96

We found the psychophysiological pressure of
the human operator during flights from the end of
the third turn to the fourth turn, by comparing the
data obtained on the flight simulator (FS) in the case
of complex failures that do not affect aerodynamics
and aircraft control systems. Predicted limits of
entry into the glide path by correlation functions in
the form of an ellipsoid are presented in [6].

On the FS of the An-148 aircraft it is established
that without failures and in case of not difficult
failures the law of distribution of a bank angle does
not contradict the normal law of distribution, and at
difficult complex failures does not contradict
Weibull's distribution.

In the actual flight on the An-148 aircraft from the
end of the second turn (excluding turns) to landing,

the calculations showed that the pitch distribution 9
does not contradict the normal distribution.

Let's consider the flight quality assessments on
the An-140 aircraft with the engines turned off to
demonstrate the imitation of failures. Table III shows
the calculation of the areas of the contours of the
correlation fields, which are obtained by comparing
the parameters of the bank angle and the angle of
attack in case of failure of one of the engines.

The above methods must be applied in a complex
manner. Conduct quarterly checks on a complex
simulator. Store data in a data bank block for
constant comparison of results. These methods by no
means exclude existing simulator training programs.

Analysis of ergatic aircraft control systems
requires automated processing.
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1O. B. I'pumienko, B. I'. Pomanenko, T. O. Ilinuyk. BaockonajieHHss MeTOIiB OUiHIOBAHHSI SIKOCTi TeXHiKM
MiJIOTYBaHHSA JILOTHOI' O CKJIALY

JlaHi 3 IUJIOTYBaHHS TOBITPSHOTO Cy/IHA B PEXKUMI 3aX0/y Ha MOCAJKy, OTPUMaHi Ha KOMIUIEKCHOMY TPEHaXKepi JliTaka
Ta B YMOBaxX peajbHUX MOJIbOTIB, 0OPOOIAIN Pi3HUMHU HMOBipPHO-CTATHCTUYHUMHU METONAMH. IX BUKOPUCTOBYBATH IS
OIIIHIOBAHHS SKOCTI TEXHIKH MJIOTYBaHHs JHOTHOI'O CKIIamy. Po3rismanucs MeToau, mo0y0oBaHi Ha OCHOBI KPUTEPIlO
Heiimana—Ilipcona ta ontumansHOro baitecoBchbkoro kpurepito. IIpu BukopucTanHi iX Oyjn0 BHSBJICHO HAasBHICTh
JIETepMiHOBaHOI CHHYCOINAJIIbHOI CKJIaJ0oBOi y TapaMeTpax IHOJbOTYy. Takok 3acTOCOBYBaBCS METOJ aHali3y
aBTOKOpEJSIIHHUX (QYHKIIH Ta METOJ aHali3y CHEeKTpiB MapaMeTpiB MOJLOTY HOPMOBAaHMX Ta HEHOPMOBAaHUX
aBTOKOpeISIiHHUX (GYyHKIIA. [TopiBHANBHUKA aHami3 OUX METONIB IOKa3aB HaHiH(QOPMATHUBHINIMH METOJ aHaNi3y
CHEKTpIB MapaMeTpiB MOJIHOTY HOPMOBAHHX T4 HEHOPMOBAaHUX aBTOKOpEALINHMX (QyHKIIH. ¥ poOoTi mokazaHo, mo
yCIIIIIIHE 3aBEPIICHHS eTaly IMOCaJAKH 0araTto y YoMy 3aJIeXKHTh BiJI TOYHOCTI BXOMY JIiTaKa JJO TOYKH TIIiCaIH.

KirouoBi cioBa: aBTOKOpeNAIlifiHA (QYHKIA; aMIDIITYla Mapamerpa; JIOAChKUE (haKTop; CIEKTpaJbHHUN aHai3;
JUPEKTOPHHUIA PEXKUM KEPYBaHHSI.
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IO. B. I'puinenxo, B. I'. Pomanenko, T. O. [Tunuyk. CoBepiieHCTBOBAHNE METOI0B OLIEHKH KA4eCTBA TEXHUKH
TMHJIOTHPOBAHUS JIETHOTO COCTABA

JlaHHBIC TIO MWJIOTHPOBAHUIO BO3IYIIIHOTO CYJAHA B PESKUME 3aX0/a Ha MOCAIKY, KOTOPHIC MOJYyYSHBI Ha KOMIUICKCHOM
TpeHaXkepe caMojieTa M B YCJIOBUSIX PCANBbHBIX IOJICTOB, 00padaThIBAIH PA3IUYHBIMH BEPOSTHO-CTATUCTHYCCKUMHU
MeToAaMH. X WCHONb30BamM I TPOBCACHUS OICHKM KauyecTBA TEXHUKHM IHJIOTHPOBAHMS JIETHOTO COCTaBa.
PaccmatpuBaiuch MeTOJbI MOCTPOCHHBIC HAa OCHOBe Kpurepus Heiimana—IIupcoHa u onruMaiabHOro baiiecoBckoro
kputepus. [Ipu MCIoap30BaHUN UX OBLIO BBIABICHO HAJHMYUE JCTCPMUHHPOBAHHOW CHHYCOUAIBHON COCTABIISIFOIICH B
mapaMmeTpax rmojyieta. Taxxke MPUMEHSIICS METOJ] aHalu3a aBTOKOPEIAIIMOHHBIX (DYHKIIUH M METOJ aHAJIHM3a CIICKTPOB
MapaMeTpoB I0JIeTa HOPMUPOBAHHBIX U HEHOPMHUPOBAHHBIX aBTOKOPPEIAIMOHHBIX (yHKIMHA. CpaBHUTEIBHBIA aHAIH3
9THX METOJIOB IIOKa3all, YTo HamOosiee MH(OPMATUBHBIM SBIISIETCS METOJ aHaNM3a CIEKTPOB MapaMeTpoB IojeTa
HOPMHPOBAHHBIX M HEHOPMHUPOBAHHBIX AaBTOKOPPEIAIMOHHBIX (yHKIMA. B pabore mMoOka3aHO, 4YTO YCIEIIHOE
3aBepIIICHUE dTala MOCaJKA BO MHOI'OM 3aBHCHUT OT TOYHOCTH BXOJ[a CaMOJIeTa B TOUKY IJIMCCAIBL.

KiroueBble cJioBa: aBTOKOppENAUOHHAS (DYHKIHS;, aMIUIMTYya MMapaMmerpa; YeJOBEUYCeCKUN (hakTop; CHEKTpabHBIN
aHAJIN3; TUPEKTOPHBIA PEKUM YIIPABICHUS.
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