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Abstract—This article discusses the problem of the quality assessing of the crew An-148 piloting
technique, taking into account the human factor. The calculations showed that the statistical distribution
of the pitch angle does not contradict the normal distribution. It is known that the normal law of the
distribution of parameters indicates a good quality piloting technique. An analysis of autocorrelation
functions and its spectrum is proposed to quickly solve this problem. The assessment of the quality of the
piloting technique by analyzing the autocorrelation function of the pitch angle and its spectrum is
consistent with the estimation method according to the distribution laws. A good technique was
established for piloting the An-148 pilot under normal piloting technique. It also offers a scheme of a
warning system for failures of systems for displaying the values of the angle of attack or speed and an

algorithm of actions in such cases.

Index Terms—Autocorrelation functions; indicated air speed; human factor; parameter amplitude;

autocorrelation functions; spectrum analysis.
I. INTRODUCTION

Safety issues occupy one of the main places in
the air transport system. Most often, there is
deterioration in the quality of piloting techniques in
the event of special cases in flight. Usually, in this
case, the crew flies in the director mode of control of
the aircraft. Accidents take improbable character due
to equipment malfunctions and failures. The human
operator exacerbates the negative situation in most
cases due to the stress state. Therefore it is necessary
to prepare crews for flights in special cases. We
suggest evaluating the quality of piloting techniques
by autocorrelation functions and its spectra. This
method is appropriate for further automation of this
process. In addition, it is necessary for a trained
crew to report on their psychophysiological tension.
Despite the fact that the pilots are prepared for
action in special cases in flight on the complex
simulators of the aircraft, but all situations cannot be
foreseen. Therefore, they must be prepared for
adequate action in a state of psychophysiological
tension. Action algorithms are needed for
reproducing the position of the aircraft in space for
other flight instruments in case of failures
(malfunctions) in the speed indicator system. The
relevance of the work lies in the fact that there were
air crashes during failures in the air pressure receivers

of the speed indicator system. A warning system for
the failure of the angle of attack or speed indicators is
required. All of the above methods, system and
methods are aimed at improving flight safety.

II. PROBLEM STATEMENT

Aim. The aim of this work is to improve the
quality of the ergatic aircraft control system.

Earlier, methods were obtained for assessing the
quality of the crew piloting technique by
autocorrelation functions and the laws of roll angle
distribution [1] — [4]. The normal distribution law
and small values of the coefficients of
autocorrelation functions indicate a good quality
piloting technique.

In this paper, it is proposed to consider the
autocorrelation function, its spectrum and the
distribution law of the pitch angle of the real flight
of the An-148 aircraft.

There are cases when pilots in a state of stress
allow unacceptable values of the angle of attack and
at the same time do not control the readings of other
instruments, according to which it is possible to
restore the spatial orientation. Not less than three
cases are known in case of a failure in the speed
indication system, when the actions of the pilots led
to air crashes. Therefore, it is necessary to prescribe
an algorithm for the pilot's actions in such a situation.
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III. PROBLEM SOLUTION

A. Analysis of the law of distribution

Large pitch angles, which are associated with the
psychophysiological state of the pilot, affect the
quality of flight in a horizontal plane. Let us analyze
the flight quality in the horizontal plane in pitch in
the real flight of the An-148 aircraft from the end of
the second turn to landing.

We construct a histogram of the distribution of
the pitch angle when approaching the pilot after the
2nd turn (excluding pitch during turns) before
landing (Fig. 1). We also select the corresponding
theoretical distribution.
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Fig. 1. Listing of the construction of a histogram of the
values of the pitch angle (9), its approximation by the
normal distribution law

Let us verify the correspondence of the theoretical
normal distribution to the statistical one according to
the Pearson agreement criterion (Fig. 2).

The calculations showed that the statistical
distribution 9 does not contradict the normal
distribution with a probability of approximately 0.7.

B. Analysis of the autocorrelation function and its
pitch angle spectrum

We use the analysis of autocorrelation functions
[5] to assess the quality of the flight from the end of
the second turn to the fourth and after it until landing
(excluding turns). We consider only the amplitude of

the parameters. Using normalized autocorrelation
functions, we calculate the coefficients of its first
negative values y; (Fig. 3).
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Fig. 2. Listing of verification of compliance of the
theoretical normal distribution with the statistical one
according to the criterion of agreement
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Fig. 3. Listing of the calculation of the normalized
autocorrelation function of the pitch angle (yyorm= 4.453)

Let us calculate the spectrum of the unnormalized
autocorrelation function of the pitch angle (Fig. 4).
Listing a fragment of a function implementation.

Based on the obtained values of ypom = 4.453 and
Vumorm = 603.28 and relying on studies on the angle of
roll, we conclude that the quality of the piloting
technique is good. This also confirms the normal
distribution law.
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Fig. 4. Listing of the calculation of the spectrum of the
unnormalized autocorrelation function of the pitch angle
(Vunnorm = 68.77)

C. Installation of an additional piloting alert system
in case of failure of angle or speed sensors

Cases of inappropriate actions of pilots during
failures in speed indicator systems have been
recorded. The failure in the systems connected with
the lack of heating of the full pressure pipelines or
the ingress of ice particles into the air pressure
receiver. There were at least three such cases ended
in an exident. In the absence of any action on the
part of the pilots, there would be no exident. During
take-off and improper operation of the speed
indicator, the pilot turned the plane into a dive from
which he could not exit. On the flight level, the
pilots pulled in one case the steering wheel, in the
other the joystick towards themselves, which led to a
stall. If the angle of attack indicator in the system
failed due to its freezing, the pilots could not
establish an error in the autopilot. It reads the
indications from the angle of attack sensor. This led
to the stall in the spin and, as a result, to an exident.

When developing the aircraft operation manual,
tables are entered there that can be used to determine
the correct dependence of speed on the angle of
attack. If this dependence is incorrect, then it is
necessary to signal the crew (Fig. 5).

Consider the algorithm of the crew actions in
case of failure in the systems for indicating the angle
of attack or speed (Fig. 6).

Figure 6 illustrates the signal path from accepting
different parameters to indicate on the display [6],
[7]. This value is further implemented through the
actuator displayed on the interface (displays).
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Fig. 5. The alarming system about a failure in the
indication systems of the angle of attack or speed
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Fig. 6. Scheme of the algorithm of actions of the crew at
the alarm signaling in case of failure in systems of
indication of angle of attack or speed

If an incorrect mismatch is detected, then one of
the sensors will probably fail.

The crew action algorithm in this case is as
follows:

1. Move the look to the horizon and compare its
changes with the angle of attack indicator.

2. When correlating them, suspicion falls on a
malfunction in the instrument speed indicator system.

3. Verify proper engine thrust.

4. After confirming the suspicion of a
malfunction (failure) in the instrument speed
indicator system, focus on the indicator of the
horizon, engine thrust and angle of attack.

5. If there is a failure in the system of indicating
the angle of attack, check the correlation between
the indicators of the horizon and the angle of attack.

6. Next, focus on the horizon, engine thrust and
speed.

7. If there is a natural horizon, check actions on it.

The methods, systems and recommendations
proposed above are advisable to apply in
combination. The main result of the above studies
should be an increase in safety in case of failures in
avionics systems.
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10. B. I'pumenxo, C.B. IlaBaoBa, /. M. Ilina, 1. B. KpaBenb. CucremMu OUIHIOBAHHS SIKOCTI TeXHiKM
MiJIOTYBAHHS Y BePTUKAJBHIN IUIOIIMHI

VY naniif crarTi po3nISIHYTO MpOOJeMYy OLIHIOBAHHS SKOCTI TEXHIKM MIJOTYyBaHHs eKimaxeM AH-148 3 ypaxyBaHHSIM
JIOJCHKOTO (hakTopa. PozpaxyHKH Moka3aniu, MI0 CTATUCTUYHUE PO3MOILUT KyTa TaHTaXXy HE CYyNepeduTh HOPMAIbHOMY
posnominy. lle cBimUMTH TPO XOpPOIIY SKICTh TEXHIKM MIJOTYBaHHA. JIJis ONEpaTHMBHOTO BHPIIICHHS IIi€i MpodieMu
MIPOITOHYETHCSI aHAJII3 aBTOKOpENALiHNX QyHKII#H 1 11 criekrpiB. OLiHKA SKOCTI TEXHIKH MUIOTYBaHHS METOOM aHaTi3y
aBTOKOpEJIIIHHOT (QYHKILIT KyTa TaHraxy i ii CIeKTpa y3roIKeHI 3 METOAOM OIIHKH 3a 3aKOHAMH PO3MOILTY.
BcraHoBeHO XOpoma TexHika IMiIOTYBaHHs Imijora AH-148 mij yac moipOTy HOPMaJBHHX YMOBaxX. 3arlpOIOHOBAHO
CXeMY CHCTEMH IIOIEPEHKCHHS MPO BiAMOBH (3001) CHCTEM BimoOpa)keHHs 3HAueHb KyTa arakd abo IIBUAKOCTI 1
AJITOPUTM il B TAKUX BHITAIKaX.

KoarwuoBi cmoBa: aprokopensiiiiHa (yHKIS; aMmIDITYIa NapaMeTpa; JIOACBKHNA (akTop; NpPWIaJoBa IIBHIKICTB;
CHEKTpaJbHUH aHaIi3.
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1O. B. I'pumenko, C. B. IlasaoBa, /. M. IMuma, U. B. KpaBen. CucreMbl OLEHKM KayecTBa TeXHHUKH
MUJIOTHPOBAHUS

B nmaHHO# craThe paccMOTpeHa MpoOieMa OIEHKH KauyecTBa TEXHHWKH MUJIOTHPOBAHUS SKHIMaxkeM AH-148 ¢ yueTom
YenoBedeckoro (akropa. Pacdyerhl MoKa3aid, 4TO CTATHCTHYECKOE PACTIPEIC/ICHHE yIia TaHTaka He MPOTHBOPEYHT
HOPMAJIBHOMY DACIPENeCHHI0. DTO CBUACTENBCTBYET O XOPOIIeM KauecTBE TEXHHKMA NHIOTUpOBaHus. Jlist
OIEePaTHBHOTO PELICHHs 3TOM MPOOIEMbI MpEIaracTcs aHAINH3 aBTOKOPPEIAIIMOHHBIX (YHKIHIT U ee criekTpoB. OleHKa
Ka4eCcTBa TEXHHKU IMHIOTHPOBAHHS METONOM aHAJM3a ABTOKOPPEISIIHOHHONW (YHKIMU yIiia TaHTaXa W ee CIIEeKTpa
COMIACOBAHBI C METOJIOM OILICHKH 110 3aKOHAM paclpeneseHus. YCTaHOBICHA XOPOIas TEXHUKA MHITOTUPOBAHUS MTHIOTa
AH-148 mpu monere HOPMaNbHBIX YCIOBUSX. [IpemyiokeHa cxema CHCTEMBI NpeAylnpexaeHus o0 orkazax (cOosix)
CHCTEM OTOOPaXKEHHUS 3HAUCHHH YIJIa aTaKH WK CKOPOCTH U alTOPUTM ACHCTBUH B TAKUX CIydasX.
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