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DEVELOPMENT OF A METHOD OF QUANTITATIVE ASSESSMENT OF THE
FLIGHT SAFETY CURRENT LEVEL DURING THE FORMATION OF AIRCRAFT
FLOWS IN THE AREA OF RESPONSIBILITY

Abstract: Flight safety is the most important operational and technical characteristic of the air
transport system, which is influenced by many factors, unstable and random in nature, which, as a rule, are
interconnected with each other. The management of any property of a complex dynamic system, including
the safety property of an operated air transport system, provides, as a mandatory procedure, a quantitative
assessment (measurement) of the current value of the parameters by which control is carried out, since, in
accordance with the basic postulate of management, to control is possible only by what is measurable.
During the operation of the aircraft, information is accumulated about the state of the automatic exchange,
as about the object of study. In this case, to some extent, the uncertainty in the knowledge about the object is
eliminated. The main reason for uncertainty is the randomness of phenomena and processes. Obviously,
there are no phenomena or events in which there are no elements of chance. No matter how accurately and
carefully the operating conditions of the aircraft are recorded, it is impossible to ensure that with repeated
(continued) observations, the results completely and exactly coincide. Random deviations inevitably
accompany any natural phenomenon. Unlike common practice random elements cannot be neglected,
especially since the result of operation depends on a large number of factors and even more combinations of
them. It is necessary to study random phenomena, investigate patterns and find out the causes of random
occurrences in a regular phenomenon. Finding any stable patterns is usually very difficult. However, if we
consider a sequence of a large number of observations, then some rather interesting properties are revealed:
individual (separate) observations are unpredictable, and the average results show stability or a pronounced
trend of change (pattern of change) characteristic of dynamic systems.
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Abpanna A.  Jlvomna axademisa Hayionanenoeo asiayitinozo yHieepcumemy, Kponusnuyvxuti

PO3POBKA METOAY KIJIBKICHOI'O OINIHIOBAHHS ITOTOYHOI'O PIBHA
BE3ITEKU NOJIBOTIB IIIJI YAC ®OPMYBAHHS ITIOTOKIB JIITAKIB Y 30HI
BIAITIOBIJAJIBHOCTI AEPOIIOPTY

Anomauia: be3nexa nonbomie € HAUBANCIUSIULON EKCHIYAMAYIUHO-MEXHIYHOI0 XaPAKMEPUCMUKOIO
NOBIMPAHO-MPAHCROPMHOL cUCmeMU, HA AKY 8naugac 6azamo haxmopis, HeCmabilbHUx i 6UNAOKOBUX 3d
xapaxmepom, AKI, AK HPABUNO, B3AEMONOB'A3aHI 00uH 3 OOHUM. YnpagniwHa 6Y0b-AKOK0 61ACMUGICTI0
CKAAOHOT OUHAMIYHOI cucmemu, y MOMY YUCAL 61ACMUGicmio 0Oe3neKu excniyamosanoi nosimpsHol
MPAHCNOPpMHOL cucmemu, nepeddavae, K 0008'13K08y npoyeodypy, KilbKiCHY OYIHKY (8UMIip) NOMOUH020
SHAYeHHs napamempie, 3a AKUMU 30IUCHIOEMbCA KOHMPOTb, OCKIIbKU , 32I0HO 3 OCHOGHUM HOCMYIAMOM
MEHeOHCMEHMY, KOHMPOIO8AMU MOXCHA Tuue mum, wo sumiproemocs. 11i0 yac excniyamayii 1imanvHoeo
anapamy HaKonuuyemvcs inghopmayis npo CMan A8MOMAMUYHO20 0OMIHY, K HPo 00'ckm docriodcenns. ¥
YbOMY BUNAOK)Y NEBHOK MIPOI0 YCYBAEMbCSA HEBUSHAYEHICMb Y 3HAHHAX Npo 00 'ekm. OCHOBHOIO NPUYUHOIO
HeBU3HAYEeHOCMI € 8UNA0Kogicmb ssuwy i npoyecis. OuesuoHo, wo Hemae a6uw Yu nOOil, y AKUX He 0y 6
enemenmie eunaoxkosocmi. Ax 6u mouno i pemenvHo He DIKCYBANUCS YMOBU EKCHAYAMAYil JIMaibHO20
anapama, HemMoMCIUBO 0OMOSMUCH, W00 NPU NOBMOPHUX (NPOOOBIHCYBAHUX) CNOCNEPEINHCEHHAX pe3ybmamu
nosuicmio i mouHo 306icanucsa. Bunaoxogi GiOXunemHs HeMuHyue CYRpO8OONICYIOMb OVOb-aKe NpupooHe
asuwe. Ha 6iomiHy 6i0 36uuauinoi npakmuku, 8URAOKOBUMU eleMEHMAMU HeXmyeamu He MOXNCHA, Mum
Oinvute, Wo pesyrbmam onepayii 3anedcums 6i0 eauxoi Kitbkocmi gaxmopis i we 6inbuioi Kitbkocmi ix
KomOiHayit. Heobxiono eusuamu eunaokosi sasuwya, 00CHIONCY8Amu 3aKOHOMIPHOCMI ma 3'aco8yseamu
NPUYUHY BUNAOKOBUX NOSIE Y PeVIAPHOMY Auwi. 3nalimu 6y0b-aKi CMabiibHi 3aKOHOMIPHOCII 3a36UYati
Oyarce gadxcko. Oouax, AKWO po32aA0amu  NOCHO0BHICMb  BEIUKOI  KIIbKOCMI CNOCIMepedCcetnb, mo
BUABTAIOMBCA OOCUMb YIKABI 8IACTIUBOCI. OKpeMi (OKpeMi) cnocmepedicen s Henepedbauyeami, a cepeoHi
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pe3yibmamu 0eMOHCMPYIOmMb CMAOIIbHICMb ab0 SUPANCEHY MEHOCHYII0 3MIH (WAOIOH 3MIiH), XAPAKMEePHUTL
0151 OUHAMIYHUX. CUCTNEMU.
Knwuosi cnosa: memoo, beznexa nonbomis, iimax, aeponopm, cucmema.

Adpamna A.  Jlemuas axkademus Hayuonanvnozo asuayuonnozo ynusepcumema, Kponusnuyxuii

PABPABOTKA METOJA KOJIMYECTBEHHOI'O OHNEHUBAHUA TEKYIIEI'O
YPOBHA BE3OITACHOCTMH ITOJIETOB ITPH ®OPMUPOBAHUU ITIOTOKOB
CAMOJIETOB B 30HE OTBETCTBEHHOCTH ADPOIIOPTA

Annomauua: be3onacHocms NONEMO8 AGAAEMCA  BadCHeluwel IKCHIYamAayuoHHO-MEeXHULeCcKol
Xapakmepucmukolu  6030YWHO-MPAHCNOPMHOU  CUCMEMblL, HA KOMOPYIO GIUSIOm MHo2ue paxmopul,
HecmabuibHble U CAYYaliHble NO Xapaxmepy, KOmopbvle, KAK NPAasuio, 63auMOCEi3aHbl Opye ¢ OpY2OoM.
Ynpasnenue n106vim  colicmgom  CrONCHOU OUHAMUYECKOU CUCTNEeMbl, 6 MOM UUCie CEOUCEOM
bezonachocmu  IKCHIYAMUpyemou  8030YWHON  MPAHCHOPMHOU  CUCIeMbl, NPedyCMAmpusaen, Kax
00513amenbHyI0 npoyedypy, KOIUYECMBEHHYI0 OYEHKY (UsMepeHue) meKywe2o 3HAYeHus Nnapamempos, 3d
KOMOPbIMU  OCYUWECMEISAeMCsl KOHMPOTb, HOCKOAbKY, CO2NACHO OCHOBHOMY NOCMYNAmy MeHeodcMenmd,
KOHMPOIUPOBAMb MOJCHO MONLKO meM, umo uzmepsemcs. Ilpu sxcnayamayuu nemamensHo2o annapama
HAKANIueaemcs. UHQPOPpMayusi 0 COCMOSHUU ABMOMAMUYECK020 00MEHA Kak 00 obvekme ucciedosanus. B
9MOM ClyHae 8 ONPeOeNeHHOU CIMEeNneHU YCMPAHAEmcs HeONPeOeleHHOCMb 6 3HaHusAx 00 oovexme. OCHOBHOU
NPUYUHOU HeONpPeoeleHHOCTNU AGISAeMCs CYYAUHOCY A8NeHull U npoyeccos. OuesuoHo, 4mo Hem s6ieHuUll
unu cobvimuil, 6 KOMopvix He ObLio0 Obl 2nemenmos cayyatnocmu. Kax 6vl mouno u mwamenvHo Hu
PUKCUPOBATUCH YCTIOBUA IKCNIYAMAYUY JEeMAMenbH020 Annapamd, He8O3MONCHO 000UmMbCs, umodvl npu
NOBMOPHBIX (NPOOOIHCAIOWUXCS) HADTIIOOCHUSX Pe3VIbmamsl HOIHOCMbIO U MO4HO cosnadanu. Cnyuatinvie
OMKNOHEHUsT HeU30elCHO CONYMCMEYIOm J0O0MYy NpupooHoMy sigleHulo. B omiauuue om 00bluHOU
NPAKMUKY, CIVYAUHBIMU DIeMEHMAaMU NpeHebpe2amb Heab3s, meM 0Oojlee YmMo pe3yibmam onepayuu
3asucum om OOILULO2O KOAUUECMEA paxmopos u ewe OoIbuLe20 Koaudecmsa ux komounayuii. Heobxooumo
uzyvams cayuaunvle A61eHUs, UCCIe008amy 3aKOHOMEPHOCTNU U BbIACHAMb NPUYUHDBL CIYYAUHBIX NOSAGTEHUU
6 peeynsipnom signenuu. Havimu niobvie cmabuibhble 3aKOHOMEPHOCIU OObIYHO O4eHb 3ampyOHUMENbHO.
Oodnaxo, eciu paccmampusams RHOCIE008AMENLHOCHb — OONbUIOZ0  KOAUYECed HAOMoO0eHul, mo
0OHAPYIHCUBAIOMCL  OOCMAMOYHO — UHMEPECHble CBOUCMBA: O0mOoeabHble (omoenvible) HAOMOOEHUS
Henpeockasyemul, a cpeoHue pe3yibmamvl OEMOHCIMPUPYION CIAOUTILHOCIb UTU GbIPANCEHHYIO MEeHOECHYUIO
usMeHeHUll (WabI0H USMEeHeHUll), XapaKkmepHbulll 015 OUHAMUYECKUX. CUCTEeMbL.

Knwouesvie cnosa: memoo, 6e30nacHocms noiemos, CaMoLem, a3ponopm, CUcmemd.

1. Introduction

Randomness is a type of uncertainty that obeys some regularity, which is expressed by a
probability distribution. Knowing the probability distribution, we can determine:

- in what interval are the values of a random variable;

- what is the most likely value;

- what is the scattering of realized;

- what is the relation between different implementations/

In order to determine the law or density of distribution, information about the object of study
is required. Measurements of random variables and processes in the field of are essentially a
measurement of an output parameter that characterizes certain properties of the evaluated object.
Based on such measurements, the issues of restoring the type and parameters of the distribution law,
calculating regression and correlation coefficients, restoring spectral densities, etc. are solved.

Features of the results of monitoring [1]:

- large dimension of the array of initial data,

- diversity of initial and required data,

- noisy data (the observed value differs from the true value). The statistical properties of
interference may not depend on the quantity being measured,

- deviations from assumptions, distortion of results,

- the presence of missing values (part of the observations are not brought to the estimated or
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expected sign or aviation event due to the rare occurrence of characteristic events),

- changing in space and time the properties of the automatic telephone exchange and operating
conditions (the influence of many factors that cause uncertainty and non-stationarity). Variability of
parameters.

The task of obtaining a reliable estimate of the parameters is complicated by the presence of
an inevitable random error and a systematic dynamic error, primarily due to ongoing changes in the
operated automatic telephone exchange, both as a result of possible natural progress or regression,
and as a result of targeted actions to minimize the risk of accidents within the system [2].

2. Analysis of literature and problem statement

The problem formulated is proposed to be solved through a probabilistic approach to both
single-parameter and multi-parameter (integral or cumulative), both direct and indirect assessment
of the level, both in the airline [3], and in the department or aviation industries on a national
(regional) scale.

Quantitative assessment of the level is traditionally performed according to generally accepted
standardized indicators (statistical and probabilistic) [4-6], using mostly methods known to
specialists [7]:

- calculated - when assessing the level, as a rule - for the group of factors "aircraft" at the
stage of development and certification of the type of aircraft;

- statistical - in a posteriori estimation and forecasting of the level based on the results of tests
and operation;

- expert - with a priori assessment and prediction of the level according to the conclusion of
specialists.

Estimates of indicators, obtained initially by calculation methods, are a posteriori refined as
information on the results of tests and operation is accumulated. By the end of the operation of the
type of aircraft, the estimates of indicators are approaching their true values.

The task of a priori estimation of the level, like most tasks related to the assessment of the
risks of accidents and disasters, is generally incorrect, since it is characterized by:

- high level of uncertainty and variability of parameters reflecting the current and prospective
levels;

- lack of reliable objective information and initial statistical data;

- dynamism and multifactorial dependence of the level.

Due to the unequal conditions in which observations are carried out (due to the changing
conditions of aircraft flight operation, regional, intradepartmental and corporate features, ...), the
available data, according to the theory of measurements, are unequal series of conditionally equal
observations [8].

If a certain parameter (for example, the frequency or statistical probability of an aviation event
of a fixed severity) is estimated from multiple observations made over a long period of flight
operation (for example, for several years under different operating conditions), then it should be
taken into account that the change and the conditions of its operation can cause significant
systematic and random changes in both the mathematical expectation of the estimated parameter
and its dispersion [9]. To take into account the noted changes, observations are carried out in
several series, between which and within which qualitative transformations of the operated
automatic telephone exchange are possible. If there is insufficient information about the object
under study, information about the functioning of analogue objects is used.

Formulation of the problem. This paper proposes an approach to this paper proposes an
approach to development of a method of quantitative assessment of the flight safety current level
during the formation of aircraft flows in the area of responsibility.

3. The aim of the study

The aim of the study is to develop of a method of quantitative assessment of the flight safety
current level during the formation of aircraft flows in the area of responsibility.
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4. Airline safety survey by incident frequency

Within the framework of the SMS of an aircraft operator, the main (but not the only) indicator
is “the number of incidents per 100,000 flights or hours” [10], i.e. the frequency or statistical
probability of an in-flight incident [11-14]. This indicator is subject to direct quantitative
assessment both in a planned manner for a certain period of flight work (month, quarter, year), and
as incidents occur.

In the case of an airline’s transition from the concept of “accident prevention through the
reduction of the number of incidents” to the concept of “incident prevention through the reduction
of the number of incident precursors”, the considered indicator can also be extended to the
precursors of incidents, provided that such category of aviation events is clearly and unambiguously
defined, if not on the state, then at the corporate level.

However, the indicator “the number of incidents per 100,000 flights or hours” cannot be of
general use within a state, since the level for a state (region) is set and estimated by the relative
number of accidents with human casualties, i.e. the relative number of disasters. Therefore, this
indicator should determine, control and adjust the acceptable level within the state, as well as the
established and current level in airlines.

The absence of "infinity"” type uncertainties in the indicator values obtained from the results of
cumulative observations leaves the possibility of using the apparatus of probability theory and
mathematical statistics in the processing and analysis of observation results.

The experience of current (monthly) measurement of BP characteristics and trend analysis,
including using the method of quantitative assessment of indicators of the current level [15],
showed the expediency of improving the previously developed methodology in order to expand its
analytical functions.

If during the estimated period (for example, a month) in N flights an aviation event (for
example, an incident) was observed n times, then the frequency of this being is defined as an
estimate of the mathematical expectation of the probability of its occurrence (table 1).

Table 1.
Trus_t_ U
probability

0.8 1.282

0.85 1.439

0.9 1.643

0.95 1,960

0.99 2.576
0.999 3.290

Long-term monthly monitoring of indicators allows expanding statistical analysis to spectral
analysis with the construction of a histogram of the distribution frequencies of incident probability
estimates (Fig. 1).

According to the histogram, the most probable value of the estimated parameter is determined,
corresponding to the achieved level. Figure 1 shows an example of a real bimodal distribution of
incident probability estimates where the estimated air transport system is characterized by an equal
probability of both a frequency of 30 incidents per 100,000 flights (which is quite consistent with
the ICAO level of 46 incidents per 100,000 flights) and 60 incidents. per 100,000 flights (which
clearly does not correspond to the given level).
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Figure 1. Histogram of the relative frequencies of the incident probability distribution in the
observed period of operation of the air transport system

The given methodological approach extends to the assessment of indicators of direct
measurement. When indirectly measuring indicators, for example, when estimating the probability
of a catastrophe for the entire set of aviation events that have taken place [8], the accuracy and
reliability of the estimates obtained is determined by the method of indirect measurements.

The most common approach to assessing the level of an aircraft operator's safety level is
through an average value, using a sequence of current values of the "number of incidents per
100,000 hours" indicator. In the general case, there are values of some indicator obtained from the
facts of aviation events for equal periods of time.

To assess the current level in a state (region), ICAO recommends using the five-year moving
average method [14].

A simple moving average t, at some discrete moment (determined by averaging the past
current values of the indicator y, over a certain number of observation periods n (smoothing factor)
up to the current moment.

A simple moving average is used in the case of stationarity of the series, as the simplest
("traditional™) method of short-term forecasting, while it is assumed that the calculated value of m
reflects the expected value of the indicator in the future, i.e. is considered a prediction [4].

In table 2 shows the values for smoothing coefficients from 2 to 5.

Table 2.
Smoothing factor (n) Square deviation (5 ,,)
2 2557
3 1749
4 2039
5 2293

From the data of Table 2 it can be seen that for the annual sample of K in a large airline, the
moving average has the smallest deviation with a smoothing coefficient n = 3.

It should be noted that the simple moving average method in the task of monitoring and
identifying trends in the dynamics of the level has a significant drawback, which consists in the
inevitable delay of the average values of the indicator relative to its current values - for any
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smoothing coefficient n. In some cases, smoothing (filtering) using simple moving average turns
out to be so significant that the development trend is manifested only in the most general form, and
individual factual data important for analysis disappear as a result of smoothing (averaging)
fluctuations or bends in the trend [5]. Moreover, as the practice of statistical evaluation shows, after
smoothing, some fluctuations can change their sign, i.e. instead of a convex section on the trend, a
concave section on the line of a simple moving average is obtained, and vice versa.

So, for example, in the case of a one-time significant jump in the level, the indicator of a
simple moving average will be equally "noisy" during n time periods of the smoothing interval (in
the variant recommended by ICAO - 5 years). Therefore, when assessing the level (frequency of
rare events), it is more acceptable to use the weighted moving average indicator, in which more
recent data are taken into account with more weight than old ones.

Estimation of the degree of deviation of the values of the linearly weighted moving average
V,. from the values of the indicator y; for the year (for a certain period) with a given smoothing
coefficient n = 2...5, performed by the least squares method.

The evaluation results are given in table 3.

Table 3.
Smoothing factor Square deviation
2 777
3 1445
4 1607
5 1794

Comparative analysis of the data given in table 2 and table 3 shows that for any smoothing
coefficient, the dynamics of the time series is best reflected by the weighted moving average.

The calculation of the moving average is a simple and accessible operation for the aircraft
operator, which, however, transforms the dynamic series to a greater extent than it seems at first
glance [9]: if before smoothing the levels of the series were independent, then after this
transformation, successive calculated levels (in within the smoothing interval) are somewhat
dependent on each other. In turn, the relationship of levels can, when smoothing out significant
random fluctuations, lead to an undesirable effect. The resulting trend is characterized by
periodicity (insignificant cyclicity of development compared to the initial random fluctuations),
while in reality it was not (the Slutsky effect) [10].

In order to increase the reliability of estimating the level, taking into account the requirements
of the Global Plan for [5], it is advisable to supplement the Method for monitoring indicators in an
airline [1], as well as the procedure for forming an acceptable level of in commercial aviation, by
smoothing the current values parameters according to the method of linearly weighted moving
average.

Thus, assessing the current level using the linearly weighted moving average method should
be preferred both at the corporate and state (regional) levels.

The stated methodological approach applies to indicators that reflect the frequency of aviation
events, but does not apply to indicators such as "aircraft event flight" and "number of flights
performed per aviation event”, since in the absence of these events at least at one time stage of
observation, there is uncertainty type "infinity", which significantly complicates or excludes the use
of the apparatus of probability theory and mathematical statistics.

In modern conditions, characterized by an increase in the fleet of aircraft and an increase in
the number of types of aircraft in operation, the problem of training flight personnel with the
required qualifications has become aggravated in the leading airlines.

Naturally, for any airline, intensive growth, accompanied by the development of new types of
aircraft for the airline, new routes and airfields, is a well-known accident risk factor mainly in terms
of the “Human Factor”, and out of almost 80% of accidents and disasters, on average, 25- 30% [2].
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(According to other data, the share of erroneous actions of flight personnel among the causes of
accidents reaches 70% or more [3]). Internationally, it is recognized that at least three of four
incidents are the result of errors admitted by apparently healthy individuals with proper
qualifications [6].

In the context of crisis phenomena, the problem in commercial aviation is exacerbated by the
forced desire of operators to achieve maximum efficiency in the flight operation of air transport. An
obligatory, but the most difficult condition for the prevention of accidents is the training of pilots of
the appropriate professional level while reducing the time and costs associated with training,
commissioning, professional growth, including admission to flights on new types of aircraft, when
appointing aircraft commanders, instructors, etc. To some extent, the solution of commercial
problems periodically conflicts with the provision of the required level of BP, since the risk of an
aviation event increases as a result of insufficient professional training, which causes flight
parameters to go beyond operational limits.

When determining the professional level of a pilot (the degree of his compliance with the
required level of safety in terms of the “Crew” factor), a specific decision is made on the basis of a
subjective assessment of the degree of readiness of the pilot for solo flights (or for instructor work).
The use of the functionality of on-board means of recording flight information, hardware and
software for processing, including express analysis, contributes to an increase in the objectivity of
assessing the quality of piloting in each individual flight. It is natural to determine the achieved
professional level based on the total number of flights performed, which differ from one another in
the degree of complexity and, consequently, in the degree of potential success (danger), i.e. an
appropriate database should be maintained.

When quantifying and predicting the level in a corporate SMS, the greatest difficulty is
estimating the probability of an accident by the “Crew” group of factors due to the significant
dependence of this parameter on the functional reliability of pilots, i.e. on the quality of piloting.
One of the most significant characteristics of piloting quality is the probability of piloting without
going beyond the operating limits.

Flight parameters that are subject to operational restrictions are obligatorily recorded in the
onboard data storage devices. The subject to processing and analysis in at least 90% of flights.
Modern hardware and software for processing makes it possible to accumulate in the database the
extreme values of flight parameters obtained by express analysis, including those for which
operational restrictions have been introduced. Thus, it seems possible to estimate the probability of
piloting parameters going beyond the operational limits - based on the total number of flights
performed by each aircraft commander (pilot).

5. Conclusions

Thus, it is possible to draw the following conclusions:

1) the air transport system, as a control object, corresponds to all the signs of a complex
dynamic system, the assessment of the state of which requires a systematic approach.

2) a dynamic and multifactorial property, is evaluated by relative indicators characterizing it
with a high level of uncertainty and variability, which have deterministic and stochastic
components.

3) the assessment of the level in addition to the random component of the error, contains a
systematic dynamic error due to ongoing changes, both as a result of regular changes and as a result
of targeted actions to minimize the risk of an accident.

4) the greatest reliability of estimating the current level using the moving average technique is
achieved by using a linearly weighted moving average.

5) the smoothing coefficient is subject to optimization taking into account the scale of the
estimated system. For large airlines, when assessing on a monthly basis by the frequency of
incidents, the coefficient n = 3 is optimal.

6) to assess the degree of compliance / non-compliance with an acceptable level, the most
common and accessible indicator is the assessment of the frequency (probability) of accidents,
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calculated from the totality of aviation events that have taken place, starting from incidents, taking
into account their causal factors.

7) during evaluating indicators, the reliability and accuracy of the values obtained are subject
to calculation.
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