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IFropapility Density. Fur
Lateral Deviatioi

The risk of unintentional airplane dewatlon from a centerline of flight route can be

estimated with the help of probability density function (PDF) p(x), due to a limited
number of statistical data.

Risk can be estimated as follows:

| R = f_-;p(x)dx + f;p(x)dx,
| or

R=1- f_llp(x)dx, (1)
where | is a separation minimum.
As a PDF a Normal (ND), Exponential (ED), Double Exponential (DED), or
Univariate Generalized Error Distribution (UGED) can be used. In our research we
use UGED with a next form :

7& p(x) = 2ab;(b) exp (_ |x?TM|b_ ) (2)

1. T"p wa  Where ais a scale factor; b is a shape coefficient; p is a mean value; I'(b) Is an Eelier-
i . gamma function.
In our research we use Double UGED (DUGED) function as PDF in the next form:
R =R1+R2 DUGED = p,(x) = ap(x) + (a — 1)p(x) (3)
where a is the coefficient of a gross navigational error.

Lateral separation minimum
Lateral separation minimum

Flight route centerline

-1l -l

R = fp(x)dx

—00

Route width




ArrAvrplane Separation Lost Risk Estimation

Route database
(waypoints and lines tables)

Ay Pugs Avi

A\ 4

Air traffic data A A Coordinates transformation
v P M (LLA to NEU)

Xacrrio Y ackTi ij, ij
A 4
Deviation calculation

A 4

PDF parameters estimation by
MLM

u,a b, a

y

Risk identification

|

R(-I<x2])




A histogram of calculated deviations in the lateral plane of
NEU local Cartesian reference frame accumulates 30
minutes of input data.

A learning sample length includes 2723 measurements of
airspace users coordinates within the boundary of
investigated volume of airspace.

Bin width is equal to 1000 m.

The mean value is equal to -786 m

Standard deviation is 7924 m.

Number

-30

-20

-10 0 10
Lateral deviation, km




HiStogrant o) airspace users deviations in a

laiveral plane within Ukrdinian aspace

110°

Estimated parameters of PDF by MLM
for DUGED:

a=0.374;
m1=-0.0044 km;
m2=-1.2878 km;
al=1;

a2=9.5;
b1=0.96;
b2=0.79.

— — ND
——DUGED
—-—-UGED

[ INormalised frequency | |

Frequency of Event



Risk

Navigation specification SEPRIEL)T
J P distance ND UGED DUGED
AR 80 93 km 2.5 X104 1.5 X10° 2.6 X107
MNP 42.6 km 8.7 X108 1.9 X104 5.4 X10*
Rpl~e 27.8 km 4.8 X104 3.9 X103 8.7 X103
RNP 2
(case when one airplane climbs
or descends through the level of e = Dl =
another airplane)
RNAV 1 13 km 0.1 0.075 0.1
RNP 1 9.3 km 0.24 0.15 0.18




CONCLUSIOL.

During the study;,

« we analyzed a certain airspace volume,

« digital database of routes and waypoints in Ukrainian airspace were developed.

« The location of the aircraft was obtained through the national ADS-B receiver network.

« The processing of all the data obtained allows us to estimate the deviations of airspace users
from the center of the route.

« Arisk assessment method was proposed to identify a potential change in airspace safety.

The results obtained are extremely important for air traffic control because the ability to predict
air safety degradation will allow air traffic to be managed more quickly and efficiently.



