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Abstract—This article discusses the problem of the quality assessing of the crew piloting technique at the
entrance to the glide path. The boundaries of the entrance to the glide path have been clarified, taking
into account the human factor in the director mode of aircraft control. When entering the glide path, is
important to consider not only the accuracy of movements but also the airspeed of the aircraft. The issue
of receiving a warning about a failure In the systems measuring airspeed or angle of attack is considered.
The developed warning system is based on the analysis of the correlation fields of flight parameters.
There are cases when, instead of maintaining the correct flight parameters, the crew disproportionately
increases the angle of attack, which leads to a corkscrew, or introduces the plane into a sharp dive with a
further collision with the earth's surface. Therefore, it is necessary to assess the quality of the crew
piloting technique before entering the glide path. When flying in a circle, this is from the end of the fourth
U-turn to landing. Incorrect actions of the crew are associated with its stressful state. It is also offered a
system for determining the deterioration of the piloting technology quality under the influence of negative
factors on a human operator. This system is based on the analysis of the. autocorrelation functions. Index
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Terms—flight path; glide path; human factor,; parameter amplitude.

Index Terms—flight path; glide path; human factor; parameter amplitude.

I. INTRODUCTION

Safety issues occupy one of the main places in
the air transport system. Most often, there is a
deterioration in the quality of piloting in the event of
special cases in flight. Most often, the crew flies in
the director mode of the aircraft control.

The final stage of the approach (landing) depends
on the timely entry into the glide path and further
maintaining its trajectory.

The entrance to the glide path must be accurate,
taking into account the angle of attack and the speed
of the aircraft. Integro-differentiated pilot control
movements are stationary. However, at present they
are mainly guided by deterministic methods for
assessing the quality of entry into the glide path
under the director's management mode.

In this paper, the accuracy of entry into the glide
path is estimated by correlation functions. We
suggest determining the dependence of speed on the
angle of attack from the contours of the correlation
fields.

It is necessary to prepare crews for flights in
special cases. We suggest evaluating the quality of
piloting techniques by autocorrelation functions.
This method is appropriate for further automation of
this process.

All of the above methods are aimed at improving
flight safety.

II. PROBLEM STATEMENT

Aim. The aim of this work is to increase the
reliability of the ergatic control system of the aircraft
at the glide path entrance.

In article [1], boundaries and an assessment of
the quality of entry into the glide path were
obtained, taking into account the deterioration of the
piloting technique in the form of a paraboloid. This
article specifies the boundaries for assessing the
quality of piloting technology.

In paper [2], a method for determining the
mismatch between the angle of attack and the
instrument speed during failures in avionics systems
was developed. Quantitative indicators of flight
quality are determined. However, the information
display system requires improvement.

The accuracy of the glide path entry depends on
the ability not to degrade the quality of the piloting
technique under the influence of negative factors.
For this, it is necessary to conduct anti-stress
training of the crew, both on complex simulators and
during training flights. This requires a system for
analyzing the autocorrelation functions of flight
parameters.
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III. PROBLEM SOLUTION

Analysis of the verge of entry into the glide path,
taking into account the human factor.

When considering the flight of an airplane along
a given trajectory at a constant height, that is, in the
plane Z = const, the y coordinate is a lateral
deviation. On a fixed section of the trajectory of
long L — xi, the starting point of reference, x, is the
ending point of reference:

L:XQ—.X'].

The square of the integrated difference of the
ideal and real flight paths in a certain area is:

A=)y, ()] as

X1

where y;(x) planned flight path; y,(x)is the real

flight path.
The ratio of the square of the integral difference
of the trajectory A to the length L, when the delay y

is determined by the expression:
A 1 3p? 22 y?
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Similarly, when flying an airplane into the zone

of its entry into the glide path, the flight altitude will

vary z = var:
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Then, for three-dimensional space with lateral
deviation y and vertical deviation z, the ratio of the
square of the integral difference A to the length of
the trajectory is written in the form:

A (1 3y 2 % (5 +2?)
L3 1 2 3p )V ’

The function A / L for specific L and y will be a
paraboloid of revolution (Figs 1 and 2).

At x more than 1440 there is following picture
(Figs 3 and 4).

Thus, a formula has been developed for
determining permissible glide path entry limits in
three-dimensional space with lateral deviation y and
vertical deviation z, and a methodology for plotting
the dependence f (), z) is presented. A geometric
interpretation of the probability of deviation from a
given point at the entrance to the glide path is
presented.
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Fig. 1. Calculation listing A/ L=f(y, z)
Fig. 2. Dependency graph f'(y, z)
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Fig. 4. Dependency graph f (y, z), where y = 1450 m

Functional dependence p= f [%} is a numerical

parameter of  the paraboloid function
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In =f(x/ L) paraboloid

A (1 3x 2y° .

—=|= =5 +z%), depending on the
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numerical value p= f(x/L), geometric values and

its position in three-dimensional space can vary.

At %e(—oo;o.123)U(2.31;3.62) intervals ~ the

function has positive values. They determine the
position of the paraboloid in such a way that it has a
minimum point. With an increase in the deviation y
with respect to the length L, the geometric
dimensions of the paraboloid also decrease. It takes
the form of a point with values

X 20123, X ~2,31, £ x3.60.
L L L

With negative numeric parameters of the function
p= f(%} at intervals %e (0.123;2.31)U(3.62;+)
the paraboloid flips 180° and has a maximum point.

X

In real conditions, the ratio T is a small value that

tends to zero. Therefore, values in the vicinity of
zero may be of practical interest. Theoretically, ratio

% of the value of units in absolute value.
Function p = f (%j of the relation y from the
entry point to the path L has the following form:
3 2 1
{1 8] A5}
L L L) 3

Considering the characteristic features of this
function (Figs 5 and 6).
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Fig. 5. Listing a fragment of a function implementation
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Fig. 6. Graph of the fragment of the function
implementation p = f (/L)

It has an extremum point: minimum point —
(1; -1); maximum point — (3; 1/3). Points of
intersection with the axes: ordinates (0; 1/3);
abscissa — (0.123; 0), (2.31; 0), (3.62; 0).

Thus, from Figs 2 and 4 it follows that the
unifying figure is an ellipsoid.
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Fig. 7. Graph of function implementation p = /(3 /L)

A. Avionics failure warning system

The warning system in avionics is based on the
calculation of the correlation fields areas has the
following form (Fig. 8).

[Computing device of DS
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Sensor failure information
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Fig. 8. The scheme for obtaining the information about
the failure of one of the sensors (angle of attack or speed)
over the areas of the correlation fields of flight parameters
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In case of receiving information about a failure in
the display system of information of the angle of
attack or speed, it is necessary to switch attention to
the readings of the horizon and engine thrust. This
will help to develop the correct algorithm of actions
[3]. This information must be clearly displayed on
the display, which is located on the dashboard of the
pilots.

B. Assessment of the quality of pilots’ training for
flights in special cases

To assess the quality of the pilots’ trainings, the
flights that were managed in special cases and
normal conditions are compared. The autocorrelation
functions were also analyzed [4], [5].

Consider a system for analyzing autocorrelation
functions of flight parameters (p,,,, , Fig. 9).

Flight data without
av ionics failure

v, 0,8, Vy) 1

Comparison
sy stem

Y

Display system
of information
about the
deterioration of
the quality of
piloting
technology

h 4

Flight data with j

av ionics failure
(v, v, 8, Vy)

Y

Fig. 9. A system for analyzing autocorrelation functions

The calculations of autocorrelation functions are
carried out according to the following formula:

e B 13
Pipar :n——j+1 ; [Ayi;izlAyij'[Aij—l ;;ijg
where n is the number of observations in the time
series 4,, j=1,2,3, ... L represents the argument lag
on0,1,2...(L-1).

In order to determine the amplification factors of
the integro-differentiated stercotype, the average
values of the first negative maximum amplitudes of
the autocorrelation functions are compared. For
comparison, flights are selected for normal and
special cases.

HryshchenkoYurii. orcid.org/0000-0002-1318-9354
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IV. CONCLUSIONS

It is necessary to take into account all three
methods for obtaining a complete picture of the
quality of glide path entrance. These methods are
obtained in this article. Researches have shown that
the boundaries of the glide path entrance represent
an ellipsoid if we take into account the human factor.
It is important to enter these boundaries at the speed
that is set in the aircraft’s flight manual. It is
necessary to adequately assess the information of
other avionics systems if information about the the
failure in angle of attack system is received. For this,
it is necessary to calculate and obtain the amplitude
gain of the integro-differentiated dynamic stereotype
of the pilot in the flight. This will reveal the extent
of the pilot tension, which adversely affects the
quality of the piloting technique. Preparing flight
crews for flights in dangerous cases will increase
flight safety.
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10. B. I'pumenko, B. I. Pomanenko, . M. Ilina, A. 1. Amesina. CucteMu OUIHIOBAHHS SIKOCTi TeXHIKH
MiJI0TyBaHHS

VY crarti po3mISHYTO NpOOJeMY OL[HIOBAHHS SIKOCTI TEXHIKM ITJIOTYBaHHS eKiMaXkeM IIiJi Yac BXOMy B TIIcany.
YTOo4HEHO Mexi BXOAYy B DNicaay 3 ypaxyBaHHSM JIIOACHKOrO (akTopa Ui AUPEKTOPHOTO PEXHUMY KEepyBaHHS
noBiTpssHUM cyiaHoM. [lix yac Bxomy B miicaay BakiMBa HE TiJIBKM TOYHICTH BXOAy B IJIicajy, ajie W IOBITpsiHA
LIBHKICTB JliTaka. PO3MIISIHYTO MUTaHHS OTpUMaHHS MONEPEPKEHHs Mo 3001 B cucteMi BioOpakeHHs iH(opMarii mpo
MOBITPSHY IIBHIKOCTI ab0 KyToBi araku. Po3poOiieHa cucreMa MoOmepeKeHHS 3aCHOBaHA HAa aHai31 KOPENAIIHHUX
MIONIB ITapaMeTpiB MONBOTY. MaroTh MicClle BUMAJKH, KOJIU €KiNaXk 3aMiCTh BUTPHUMYBaHHS NPaBHJIbHUX IapaMmeTpiB
MOJBOTY HEMPOMOPLiHHO 30UIbIIYe KYT araky, 10 IPU3BOIUTH JIO0 3BAIOBAHHS B INTOMOpP, 200 BBOIUTH JIITaK B KpyTe
MiKipyBaHHS 3 TOAAJBIIMM 3ITKHEHHSIM 13 3€MHOIO IOBepxHero. ToMy Tpeda OLIHHWTH SIKICTh TEXHIKM MUJIOTYBaHHS
eKiMmaxy Tepei BXOOOM B Tiicaxy. Y pasi MONBOTY MO KOy Iie BiJ KiHI[I YETBEPTOTrO PO3BOPOTY IO MOCAIKH.
HenpaBunbHi fii ekimaXy NHOB’s3aHi 3 HOro CTPECOBHUM CTaHOM. TakoXX 3alpOIIOHOBaHO CHCTEMY BH3HAu€HHS
TIOTIPILIEHHS SKOCTI TEXHIKH MUJIOTYBaHHs y pa3i BIUTMBY HETaTHBHUX YMHHUKIB Ha JIFOJMHY-omepaTtopa. [aHa cucrema
3aCHOBaHA Ha aHai31 aBTOKOPEIALIHHUX (DYHKIIIH.

KoarouoBi ciioBa: Tpaexropist NonboTy; DIicana; JIOACKKUHA (aKTop; aMIUTITyIa ITapaMeTpa.
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10. B. I'pumenko, B. I. Pomanenko, /. M. Ilina, A. . Ameaunna. CuctemMbl OIeHKH Ka4eCTBA TeXHUKE
NUJIOTUPOBAHUS

B crathe paccmarpuBaeTcs mpoOiieMa OIICHKH KauyeCTBa TEXHHMKH IMHJIOTHPOBAaHUS SKUIAKEM IPU BXOIE B INIHCCAY.
YTOYHEHBI TpaHMIBI BXOIA B IVIMCCAAY C YYETOM dYeJoBeuecKoro (hakTtopa MpH AUPEKTOPHOM PEKHUME YIPaBICHUS
BO3IYIIHBIM CyTHOM. [Ipu BXojie B mnccajy BaskHa HE TOJIBKO TOYHOCTH BXOJa B TVIKMCCAy, HO U BO3AYIIHAS CKOPOCTH
camosieTa. PacCMOTpEeH BOMPOC MONYYCHHS MPEIYNPSKIACHUI O c00e B CHCTEME OTOOpaKeHHsS HH(POPMAIUH O
BO3AYIIHOM CKOPOCTM WIIM YIJIe arakh. Pa3paOoTaHHas CHCTeMa MPEAYNPEKICHUS OCHOBaHA Ha aHAIIU3e
KOpPPEISAIMOHHBIX TIONeW mapaMeTpoB Tonera. FIMEIOT MeCTO cllydad, KOrla SKHIIaXX BMECTO BBIIEP)KUBAHUS
MPaBWIBHBIX MapaMeTPOB IMOJEeTa HECOPA3MEPHO YBEIMUMBAET YTOJ aTak, YTO MPHUBOAUT K CBAJIMBAHUIO B IITOMOD,
JU00 BBOIUT CAMOJIET B KPYTOE MMKUPOBAHUE C TATbHEUIIIMM CTOIKHOBCHHUEM C 36MHOU IOBEPXHOCTHIO. [1oaTOMY Hazi0
OIIEHUTh KaueCTBO TEXHUKU MUJIOTHPOBAHMS SKUIMAaXKa Mepes] BXOAOM B miuccany. [lpu mosere mo Kpyry 5To OT KOHIIa
YETBEPTOrO Pa3BOpoTa 0 mocajaku. HempaBuibHble JEMCTBUS dKUMaKa CBA3aHBI C €r0 CTPECCOBBIM COCTOSIHHEM. Tak
JKe Tpe/iyiaraeTcs cucreMa onpeAeNeHus YXYyIIIIeHUs KaueCTBa TEXHUKY MIJIOTUPOBAHUS TPU BO3ICHCTBUM HETaTUBHBIX
(hakTOpOB Ha YeoBeKa-oneparopa. JlaHHas cucreMa OCHOBaHA Ha aHAJU3E aBTOKOPPEIIAIIUOHHBIX (DYHKIIUH.
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