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Abstract—In this article, the questions of the approaching the glide path of airplane in the horizontal
plane are considered, suggestions are given on the analysis of the correlation fields and the alarm system
in case dangerous flight regimes of flight. Antistress training methods are proposed. Requirement of alarm at
go-around maneur is substantiated in case of flight during conditions. A system of warning of a steering wheel

rapid movements on go-around was developed.

Index Terms—Glide path; correlation function; dynamic stereotype; negative factors.

I. INTRODUCTION

Civil Aviation is one of the leading field of the
national economy, equipped with the modern
aviation technology. The main indicators of the civil
aviation activity are passenger turnover, flight
safety, flight regularity, and economic efficiency.
Every year, according to ICAO, the number of the
flight events caused by the "human factor" increases.

Extremely large impact on the human-operator
are made by the complex flight conditions. In this
case, the quality of piloting technology is
deteriorating and false actions occur.

II. PROBLEM STATEMENT

At present, the most problematic phases of the
flight are landing and missed approach/ GO
AROUND maneuver. Previously, the authors
considered issues of approaching the glide path in
the vertical plane and recommendations for training
operators while they were affected by the negative
factors in these phases of the flight.

In this article, the questions of the approaching
the glide path in the horizontal plane and the
proposals for signaling while performing missed
approach/ GO AROUND maneuver are considered.
The requirements of engineering psychology is also
taken into account.

A way to improve the method of analyzing the
contours of correlation fields is proposed. The
necessity of signaling at the exit of a missed
approach/ GO AROUND maneuver under special
conditions of flight, which can improve safety and
quality of flights is shown.

The purpose is to develop methods for assessing
the airplane's ergonomic control system in extreme
flight conditions and warning systems for
deteriorating flight quality.

Methods of research — analysis of the correlation
functions, analysis of the experimental data of the
field experiment.

III. TRAJECTORY OF THE APPROACHING THE GLIDE
PATH IN THE HORIZONTAL PLANE

The deviation of the flight path from the target
heading is characterized by the correlation function
between the given and the realized flight paths. In
this paper, the physical meaning of the correlation
function is analyzed. The connection between the
correlation function and the difference between the
planned and actual flight paths is determined.

Let's consider the flight trajectory of the aircraft
at a constant altitude, so we get plane z = const. The
coordinate y represents the lateral deviation from the
flight path line. Horizontally, at a certain fixed area,
it has an initial reference point x; and a final
reference point x, (Fig. 1).
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Fig. 1. Scheme of entering the glide path
in the horizontal plane

The square of the integral difference of the
planned and real flight trajectories in a certain
section is equal to:
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A= j [Y,(0)-7Y, (x)]zdx, (1)

where Y,(x) is the planned flight trajectory; Y, (x)

is the implemented flight trajectory; x,,x, are
starting and ending points of the horizontal flight
trajectories.

Let's make the algebraic transformation of the

expression (1)

A= j PY2(x)dx -2 j U Y, (x)Y, (x)dx + j Y7 (x)dx.

2
Denote the components of equation (2)
[ ¥ (vyax = Lp,,
[ r@y, de=Lp,,,
j Y2(x)dx=Lp,,
where L=x,-x, functions p;,p;,,p, is the

autocorrelation functions of the planned flight
accordingly, (p,) correlation function between the

planned trajectory and the real trajectory (p,,) and

p, is the autocorrelation function of the real flight

path.
Now represent expression (2) in the form:
A=Lp,-2Lp;, +Lp,. 3)
Since the autocorrelation functions p, and p,

are approximately equal to each other, then we take
P3P, Py 4)

p, is the function of autocorrelation of the planned
and realized process.
We rewrite formula (3) with accordance to (4)
A
2L

It is clear from (5) that if the trajectories coincide
A=0, then p,, =p,,.

A=2L(p,=ps,)> P, =Pu (5)

The value of the integral error per unit length

is equal to the difference between the

2L
autocorrelation functions p, and the correlation
P;,- We calculate these three functions for different

types of trajectories.
Now consider the flight trajectory, which is
defined by the expression:

me=y—%% (6)

where y is the initial lateral deviation from the

trajectory; L is the flight length in a given area.
Let's consider the particular case — the delay of
the aircraft approaching the intended flight path

4=y—%u—m, (7)

where 7y is the delay value.

Then the correlation
functions are equal:

and autocorrelation

Lol oy s
T A S
1 o y y
p=—| | y—=x|y—=(x—x) |dx
Lt L L
y:oyt oy y’ (50
P SR APV A RN AR
3 2L 22k 6L2X’
—lj‘o[ —l(x— )}a’x—yz+y—2
Pe=T), |y~ 3ot
. Y
ly A )
22L2 61*

In what follows we denote p(—y).

We substitute the values (8a, b and c) in the
formula (3) and find the integral difference between
two trajectories

3 2 2 2
y y y’
A=L>—-2L=—-2L +2L —2L
3 3 2 SLAAL Y 6L3X
y2 y2 2 y2 2
+L—+1L 121 L=y’ =21y
LRy L =S Ly
2 3y2 y2 3y2 y2
Bl SV APV AV T SV S A 3’
3 Y L x 617 L X 6L2X
)

when X=0,A=0,X=L,A=%Ly2.
Let's write (7) as:
X 2 1 X 3
A=3L 2(—) -=L 2(—) .
") "6 L

From equation (8) it is clear that with increasing
y. from O to L the value increases.

(10)

The flight path during the lead mode is equal:

Z(x+n)=y—2(x+). (11)

L

We split the range (0, L) into two sections
(0,L-y) and (0,L+7). The lead function on the
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section (L—7y,L) is equal to zero Z(x+y)=0.
Thus, the lead correlation function is determined by
integration only in the gap (0,L —y)

P3, =P(+X) =% ! (y—%x)[y—%(ﬂx)}dx

vy oy
=y 4+ -—
3 20t er

(12)
%

Equating the expressions (8b) and (12)

2 2

y y 2
— — + - .
p(=x) —p(+x) AL
we can conclude:
p(=x) > p(%)-

The autocorrelation function of the lead path is:

2

P (+%) =%ﬂy—%(x+x)} dx

2
zy_ZJ'L[l_H_X} dx
L0 L

2 2 2
yo 2y Yo,
= - NS L-
(L sz L3X)( x)

(13)

2 2
—“Z—Z(L—x)2+3y7(L—x)3-

The conditions of an unreal flight can be
represented by the expression p(—y)—p(+y)=0,
when y =2L.

Under the condition L>>y, the delay value is
much smaller than the path length, which is quite

realistic, the autocorrelation function of the lead path
is

1 2 2y2 y2 2
p,(+x) == — Ly 4y, 14

Now substitute in the equation (3) the values
Ps.p, (+x) and py, (+x), we get:
2 2, 0yt oy 1, 2y

N S A A SO
37 TR e T3 T,

A1
=37 7

1 227 +y—2

L X 3y L X I’
1, 3)’2 2y2 2 y2 3
==y ——x+ —==".
3y L X I’ x 3L3X

v
2 2

Thus, the ratio of the square of the integral
difference of the trajectories to the length of the

trajectory has a quadratic dependence on the lateral
deviation.

IV. ANTISTRESS TRAINING OF AVIATION
PERSONNEL

The methods developed earlier [1] allow to teach
pilots how to counter the factor loads, but their
further implementation was stopped due to the lack
of financing.

Previously, crashes of Boeing 737 type aircraft
were considered in case of performing missed
approach/ GO AROUND maneuver in the difficult
weather conditions [2]. It should be noted that with a
high probability pilots of these aircraft would not
have made a disproportionate and sharp actions with
steering wheel in the case of training through the
above methods.

Interesting proposals are presented in an article
on the analysis of correlation fields [3], [4,]. The
correlation between a (angle of attack) and y (bank
angle) is analyzed there.

With complex failures associated with the
transition from the flight sections of the trajectory to
the uncompleted sections and back, the effects of
complete transformation and transformation of
planar contour figures into linear configurations can
be seen.

In the case of failures that are not related to the
transition to the nonflight sections of the trajectory,
effects of compression and reduction of the areas of
contour figures (contours) of the correlation fields
are observed. A transition to the analysis of the
contours of correlation fields is proposed for the
recognition of a contour figure, which is limited to
detecting the signs of complex failures by 4-6
reference points while revealing the fact of the
change in the field area.

It should be also noted that the existing sliding
pointer or the computing system with the
accelerometer partially performs this function. It is
clear that an uncoordinated turn, exceeding the angle
of attack o with poor roll coordination, can only
increase the time to stall in the spin with loss of
speed.

Therefore, it is necessary to analyze a three-
dimensional coordinate system. From what has been
said above, it follows that false readings of
instrument speed represent the greatest danger.

The main aims of anti-stress training are:
decreasing of risks, coincides with operators’
"opposition to superposition factors (SF)" training;
establishing ergonomically optimal flight control
systems.

In accordance with factor model of action and
counter-action in flight (MACF) and taking into
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account nature of intensified reflexes (IR), flights
are considered as extremely complex processes
contain risks caused by expected processes,
uncertainties and occasions, external errors. The
most complex flight uncertainties are SF. SF is an
interaction between factors. There was no scientific
works before, which consider training of IR saving
under SF action. Our model allows to take into
account this training.

One more distinctive feature of our model is that
more earlier prevention of accident is a variant of
aftereffect. Also MACF allows to prevent accident
thanks to SIR (even during negative flight or at
presence additional error).

Difficulty of solving this problem is considering
very much of interacted factors. Our scientists
distinguish more than 1500 of these factors. So,
problem of aircrew error prevention is very difficult
(even when causes sure known) [1].

The possibility of determining of counteraction
of a pilot from negative superposition factors on

Environment

‘ v

modern aircraft flight parameters, evaluating the
effectiveness is shown on Fig. 2.

In the course investigation was established that
the invariance of the "man-machine" allows
determining  the invariant properties and
characteristics of the human operator for the engine
output without placing a contact and contactless
psychophysiological sensors which basically carry
the information about characteristics of the human-
operator that is mathematically described by the
general theory of oscillations. The oscillatory nature
of the output characteristics of the human operator
allows to make a conclusion for tracking systems,
that the engine outputs systems are invariant with
respect to the input characteristics of the system, if
the input of such a system works by a human
operator. From the general theory of automatization
and automatic control systems is well known, that in
relation to all types of oscillations (sinusoidal,
modulated, with a random spectrum, etc.), existing
systems are invariant under the scheme "input-
process-output" [1].

Monitoring of systems

. Equipment of
Operator Machine quip
measurements
Internal
processes

f

Machine output )
of the aircraft

Output on
efficiency Assessment
of the person of level of

Signaling device of amplitude gain of a dynamic stereotype

J

Assessment of
technique of
piloting (not

invariant)

counteraction
of FN (invariant)

Fig. 2. Method of pilot’s characteristics determination through machine approach

It was found that the pilot's handwriting, when
exposed to FN, does not change and it can only be
fixed by changing of the amplitude of the flight
parameters [2].

V. THE WARNING SYSTEM THE SHARP WHEEL
MOVEMENTS AT THE APPROACHING THE SECOND
CIRCLE

As a result of the analysis of the events presented
in the article [2], we can conclude that it is necessary
to develop and install the system of warning of the
avoidance of sharp up-down movements on Boeing-
737 aircraft when it approahes the second loop in a
steady state during the difficult weather conditions
and during excavation the plane from dumping.

The Language informant system GPWS (Ground
proximity warning system) generates the "PULL
UP" signal in 20-30 seconds before a calculated
collision with a relief or an artificial obstacle. When

the alarm "PULL UP" is activated, the crew
deactivates the autopilot and throttle, removes the
interceptors if they are released, manually outputs
engines to the maximum operating mode and
immediately transfers the plane to the set height.

If necessary, the pitch can be increased up to the
alarm signaling about the approaching speed of
dumping. In this case, it is important to avoid sharp
movements with a steering wheel from itself to
prevent nosedown [5].

Alarm is triggered when the conditions are met:

(15)
where Ao, and Aa,, is the current and the

maximum magnitude of the angle of attack
respectively; V,, and ¥V, is the current and the
maximum permissible values of the vertical speed of

2
yinst + eiinst s

JAal + V2462 > \JAod + V]
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the aircraft; 67 and 0> _ is the current and installed O 0

i finst Ao =—2—mn o  #0, 17)
magnitude of the pitch angle. a

I/instr < I/l'nst + AV’ (16)
where V, . is the indicated airspeed of the aircraft;
Ve 18 the sufficient/established speed of aircraft at

which stalling starts; AV is the increase in speed
required to trigger a warning signal of sharp
movements.

The angle of attack is calculated as follows:

where Ao is the magnitude of the angle of attack;
o is the critical value of the angle of attack, at

which the flow stops; o is the minimum value of
the angle of attack amplitude.

The functional scheme of the development device
— the warning alarm of the prevention of the sharp
movements presented on the Fig. 3.

Comparison

I/instr
ADIRU .
device

o

—

»' GPWS I
%l Physical alarm |

Warning signs
preventing sharp
movements

Fig. 3. The functional scheme of the warning alarm of the prevention of the sharp movements

There are three types of alarm: voice (the command
"SLIGHTLY", smoothly), visual (illuminated text
display on the steering wheel) and physical (small
increase of the pilot's efforts for the movement of
the steering wheel).

Alarms are triggered simultaneously.

The command "SLIGHTLY" is used in pairs with
GPWS, because the signaling of this system reports
about the possible convergence with the ground. The
sound signal "SLIGHTLY" goes after the "PULL
UP" signal while missed approach.

The visual alarm lights up the "PULL UP
SLIGHTLY" text indicator in yellow, this color is
used to indicate boundary modes that require
caution. The visual indication in the case of off-line
alert in the form of gray text without its illumination
on a steering wheel of a Boeing 737 NG type is
shown in Fig. 4.

Working out of visual warning about preventing
the sharp movements is shown on Fig. 5.

Physical alarm assumes an artificial reduction in
the wheel's sensitivity by 25%, which increases the
pilot's effort to move the steering wheel along the
longitudinal axis to prevent sharp movements with
the steering wheel, which can lead to dive.

VI. CONCLUSION

Delay in the approaching the glide path in the
horizontal plane is more dangerous than lead mode.

In analyzing the contours of correlation fields at
the angles of the roll and the attack, it is necessary to
take into account the indicated speed of the aircraft.
For this purpose, it is necessary to carry out
calculations of mistakes of the first and second kinds.

In order to improve the training of a human-
operator for actions in special situations of flight
with failures of avionics it is proposed to increase

the number of complex failures in "flights" on
complex simulators of the aircraft.

The necessity of the alarm is shown at missed
approach under the special conditions of flight,
which can improve safety and quality of flights.

The developed system of warning of sharp
movements of the wheel on missed approach is aimed
to improve the safety of flights. Two accidents that
occurred for this reason could have been avoided if
there was a signaling device on Boeing 737.
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Fig. 5. Indication of the alarm trigger warning of preventing sharp movements on the steering wheel
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