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CAA Civil Aviation Agency

EASA European Aviation Safety Agency

FAA Federal Aviation Authority

FAR Federal Aviation Requirements

IATA International Air Transport Association
ICAO International Civil Aviation Organization
IOSA IATA Operational Safety Assessment Audit
JAA Joint Aviation Authority

SMS Safety Management System

Medium-sized enterprises: less than 250 employees and with either an annual turnover to EUR 50 million,
or a balance sheet total of no more than EUR 43 million.



The main task of the airline is to maintain an adequate level of safety in accordance with the ICAO
recommendations and to develop measures to analyze, assess and take measures to reduce risks to an
acceptable level, as well as to control risks.

Aviation safety is the state of an aviation system in which the risks associated with or directly sup-
porting the operation of aircraft are reduced and controlled to an acceptable level [11]. Safety manage-
ment is based on a systematic approach to the identification of sources of hazards and the control of risk
factors that exist in an airline, and their planning therefore requires organizational measures to iden-
tify and address them, which means an orderly approach involving responsibilities, principles, policies
and procedures. In this way, the safety management system makes it possible to anticipate and rectify
problems before they occur. Experience in flight safety determines that an airline needs a structured
and targeted process organization that works against potential risks. In addition, the organization of
this process must involve not only the people responsible for the field, but also professionals, airline
management, and senior airline staff.

However, to date, there is no common approach to risk management in aviation safety within a
single airline, and the guidance provided by ICAO and EASA documents is not sufficient to establish
an effective safety system at this level. In the absence of common requirements, standards and rules in
this area, each airline develops its own safety concept. As the process approach is very popular in the
company’s operating system, it is widely used as a methodology to manage and improve work processes
in various areas, including management and safety processes. In order to improve the efficiency of a
complex structure such as a flight safety system, it is necessary to develop an automated system for the
collection, processing and use of risk data (deviations from the standards for staff of different struc-
tures and airlines). To improve the efficiency of such a complex structure, automated systems for the
collection, processing and use of data have been developed to ensure the required level of flight safety
in the airline. The proposed approaches to building an information base will allow airlines and deci-
sion-makers at airlines to identify, process and provide timely information on the areas where the risk
of adverse events is greatest, as well as to identify trends in flight changes. Such an airline database with
an integrated management system makes it possible to determine the expected level of safety in a timely
and reasonable manner. The research data are devoted to the development of theoretical and methodo-
logical approaches to create an information database for the flight safety system in an airline of one of
the Latvian Airlines. This approach means moving to a new level of safety management in the airline.

Development of theoretical and methodological approaches to create an information base for the
aviation safety system, including identification, compilation and processing of risk factors.

1. Analysis of approaches to solving transport safety problems.
Development of airline information system model.
3. Development of an algorithm to identify and analyze anomalies and irregularities in the perfor-
mance of departments and airline personnel under conditions of uncertainty.
4. Development of a methodology for developing indicators for airline safety decision-makers.
Development of methodological approaches for safety performance assessment.
6. Development of a generalized model of the influence of the technical factor on flight safety.

w



7. Development of methodology for aircraft maintenance impact on the safety of flight operations
8. Approbation of methodologies for determining Group C safety performance related to aircraft
and operations.

Safety level of airline.

Information base for assessing the level of safety using an airline’s integrated management system.
Medium-size airline, ICAO, IATA, EASA, ISO, CAA documents, airline statistics and documents.

The following scientific methods were used in the study:
1. Mathematical modeling.

2. Probability theory.

3. Statistical data processing.

4. Expert assessment.

The following scientific methods were used in the research:

Semiotic modeling.

Statistical methods.

Expert evaluation methods.

Method statistics processing using Microsoft Office Excel 2016 software.

Calculation mathematical software Matlab.

Methods for risk assessment: ICAO, IATA (I0SA), EASA, ISO, SHELL, DEMATEL, etc.
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All the specific calculations and statistics used in this work are provided for a medium-size airline.

1. Development of an airline information system model.

2. Development of an algorithm to identify and analyze anomalies and irregularities in the activi-
ties of department and airline personnel under conditions of uncertainty.

3. Methods for developing safety performance indicators for airline structures and decision-mak-
ers.

The implementation this system in the airline will allow timely provision of the necessary informa-
tion to the airline’s entities and decision-makers in the areas with the highest risk of adverse events, as
well as identify trends in safety performance, based on information flows from the airline’s integrated
management system, which allows the expected level of safety to be determined in a timely and reason-
able manner.



An airline information system model that takes into account all types of deviations from stand-
ards and violations within the airline.

Algorithm for identification and analysis of anomalies and irregularities in the operations of
airline structural units and personnel under conditions of uncertainty.

Mathematical modeling of flight safety indicators for the developed system.

An information database model has been developed for the airline to identify, process and pro-
vide information in a timely manner, allow the airline and decision-makers to provide objective
information on areas at risk of adverse events, and identify trends in safety performance based
on information flows from the various areas of the airline’s operations with an integrated man-
agement system that allows the expected level of safety to be determined in a timely and reason-
able manner. This makes it possible to minimize the risk and thus maintain an acceptable level
of safety for the airline, as well as to forecast the safety performance for the next period. This
approach can be as a transition to a new level of safety management at airline level.

An algorithm has been developed for the detection and analysis of anomalies and irregularities
of departments and errors of airline personnel under conditions of uncertainty, which allows the
analysis of safety aspects based on factual information coming from various sources to airline
information database, which is collected, classified, stored and analyzed using analytical meth-
ods and techniques. Based on this algorithm, software for automated information processing
and analysis has been developed.

A system of indicators has been developed for the assessment of flight safety (6 groups of indica-
tors for the general directions of the airline’s operations), each of which should include a specific
set of indicators, as well as the methodology for their assessment.

A methodology has been developed to determine the level of flight safety using Group C in-
dicators related to the aircraft and its operation by assessing that as the multi-level functional
system, which takes into account the probability of failure of each level and the severity of the
consequences.

The developed methodology was tested on the basis of the airline’s performance, the results of
which show that the implementation of this system in the airline’s practice will allow timely
provision of the necessary information to the airline’s entities and decision-makers in those
areas where the risk of adverse events is highest, as well as the identification of trends in safe-
ty performance based on information flows from different areas of the airline’s activities, with
an integrated management system that allows for the timely determination of expected levels
of flight safety in a reasonable manner.

All research results are based on the author’s practical calculations, regulatory requirements,
and the airline’s documents.

The mathematical models, methods, algorithms, diagrams and organizational structures devel-
oped by the author have been tested in practice and implemented in methodological and regula-
tory documents, taking into account the standards of airlines, the practice of airlines, including
international airlines.

The developed system is checked against the airline’s data



The results of the research have been presented in 6 international scientific conferences in Latvia and
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Chapter 1. Analysis of flight safety approaches at company level
In this chapter, based on the analysis of modern flight safety requirements and practical approaches,
the author offers his approach to safety assessment using regularities defined by Henry and Berd.

Chapter 2. Developing a model for an airline risk analysis system
This chapter presents a model of a process approach to air safety in an airline, a model of a system
for the collection, storage, processing, analysis and use of airline performance data.

Chapter 3. Development of a methodology for determining the composition of safety indicators for
departments and decision-makers
This chapter shows the algorithm for organizing expertise, selecting experts and methods of exper-
tise processing.

Chapter 4. Development of a methodology for determining the level of safety
This section presents a process approach model for assessing the operational airworthiness of an
aircraft and its components by dividing the aircraft into multi-level structures taking into account
risk factors.

Chapter 5. Risk assessment methodology and flight safety indicators. The risk assessment methodology
presented in this section for flight completion by incident and the selection of safety indicators tak-
ing into account various factors.

Chapter 6. Approbation of the results obtained in the Doctoral Thesis
In this chapter the approbation of the methodology has been performed according to the proposed
model of the determination of reliability indicators.

Summary
The main conclusions are published in this section.

Conclusions
This chapter publishes the conclusions of the research and approbation of the results in the practical
activities of the airline.



Safety is a state of an operational condition in which the occurrence of a hazard is excluded with a cer-
tain probability or there is no excessive hazard. Safety in all areas of life is a pressing socio-economic issue.

In manufacturing and transport, as in all other areas of life, there are safety-related problems: ter-
rorist and man-made threats, negligence and human factors, economic problems - the irrational use or
management of resources, etc. Within the framework of legislation, safety means “the state of protec-
tion of the vital interests of the individual, society and the state against internal and external threats”.
One of these interests is entrepreneurship. At the same time, the main purpose of ensuring the safety
of an organization is to protect its property and employees from internal and external threats, to iden-
tify and, where possible, to address their causes. The purpose of ensuring the safety of an organization
is to protect the two basic interests of society: the first is to preserve and increase the property of the
organization, and the second is to ensure and protect the business reputation of the organization. An
effective safety system requires governance based on clear coordination of all its elements. A high level
of interaction between departments is possible only if there is a general regulation of departmental
activities, which is clearly defined in the organization’s policies and procedures, as well as in the regula-
tory framework. Modern technical tools and means make it possible to prevent situations related to the
above-mentioned problems or to deal with their consequences. The problem of safety establishment is
complex, which means that a system of targeted measures needs to be put in place to help prevent and
reduce the number of accidents and economic losses and prevent consequences. At the same time, there
are both general and specific approaches to addressing safety issues in different areas of life.

Risk is a function of the expected frequency or probability of a hazard, the probability of an adverse
event occurring and the potential for harm.

There is currently no uniform formula for risk assessment, the general approach to risk assessment
can be expressed as

{Risk} = {probability of occurrence} x {harm from an event}. (1.1.)

Risk is most often defined as the frequency or probability of an event. It can be calculated on the

basis of statistical information:
R= M 1.2)
Q(r)
where N(¢) is the number of unfavorable events at time t;
Q(¢t) is the number of common events at time .

For example, the risk of death from lightning is R=107/ year; risk of death due to a technological
accident is R=107°-10"*/ year; risk of death at work as a result of an accident or occupational disease is
R=10"7-10"*/ year. There are more than 200 types of risks in the scientific literature.

Depending on the degree of danger followed by the emergency, the adverse event may also vary in
severity. The terms “threat” and “danger” are synonymous. If the probability of an adverse event occur-
ring is significantly greater than zero, then there is talk of danger; if it is significantly greater than zero,
then it is a threat. Adverse events are divided into incidents and disasters. Disasters are associated with
death and/or serious property damage; incidents are only related to actual or potential threats that do
not result in a catastrophe.

The development process of an adverse event is shown in Fig. 1.1. It also shows that the person
(operator) is able to intervene in the process and reduce or eliminate the consequences of the risk or
completely eliminate the threat to the safety of the facility.
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Development of adverse event in production and transport.

Signs of an adverse event (precursors) have already existed before the events take place and only
become clear later. Latent unsafe conditions may have existed before the accident. An objective and in-
depth risk analysis is needed to identify and prevent these latent conditions. Therefore, a systematic ap-
proach to safety breaches is needed, based on the systematic identification and prevention of precursors
to these events, which requires an objective and in-depth risk analysis. Although it is very important to
fully investigate adverse events with a high number of deaths, this is not the most effective way to identi-
ty safety deficiencies in an organization. It must be ensured that the analysis of the rational (acceptable)
risk and unsafe conditions of the operation of the facility does not diminish the “vital priority” that is
often revealed after fatal events. There are different models that determine the relationship between the
signs of adverse events (precursors) and the events themselves. One of the first to establish such a link
in the field of occupational safety was Herbert William Heinrich.

Herbert William Heinrich formulated the Injury Law in 1931, essentially defining a scientific ap-
proach to preventing adverse events in the workplace. The Heinrich Law (Injury Pyramid, Accident
Pyramid, or Heinrich Triangle) states that for every major accident at work, there are 29 minor injuries
and 300 potentially dangerous events without consequences.

In 1969, scientist Frank Birds [8] also carried out a safety study in the industrial sector, and a serious
statistical analysis concluded that for every 600 low-level incidents, 30 accidents with property damage
(accidents without serious injuries) can be considered to occur: 10 accidents with seriously injured peo-
ple and 1 fatal accident. Thus, a pyramid was obtained, called the 1:600 rule [39], [42], [57].

Cause-and-effect relationship stability between pyramid levels allows us to introduce correlation
coefficients K| - incidents and events ratio, and Ky - staff and personnel raised non-compliance to the
ratio of incidents in order to determine the relationship between the pedestal level of non-compliance
incidents and incidents (Fig. 1.2).

This allows the pyramid to be used to build a safety management system and to shift the focus from
traditional, more incident-based methods to systematic activities to reduce the pyramid pedestal by
systematically reducing the number of non-compliances in the organization’s services and staff.



Accidents (catastrophes
and disasters 1 > Destruction of transport of facilities,
fatalities (death of people)

Incidents Damages of transport and
> facilities, soft injuries, cases
without significant consequences
Nonconformities,
inconsistencies, occurrences, Occurrences without loses
deviations from standards —> L
and injuries
and procedures

Compliance factors.

The stability of compliance in the Heinrich pyramid allows to quantify the level of safety in a par-
ticular object as a probability indicator for the “upper level” of the pyramid - the level of incidents (dis-
asters and accidents). It is suggested to use the number of events per unit of time as the main indicator.
This intensity can be estimated as a linear combination of three estimates based on the pyramid (Fig.
1.2). The result will be a comprehensive indicator of safety, or safety level Kp;:

1. e Iag

Ky ==k, — -+ —, (1.3,
PL73™ 3K, 3Ky )

Reactive management methods are essentially creating the influence of management in response
to major incidents. The reactive management method (Fig. 1.3) consists of investigating the causes of
accidents and planning corrective actions. The main disadvantage of the retrospective management
method is that an accident (catastrophe or accident) is a signal to work on improvement of operational
processes at the top of the pyramid. Improvements in the organization’s operations are made only after
a serious accident.

Accidents (catastrophes 1 Root cause Corrective action
and disasters) analysis plan
Liquidation
. of consequences
Incidents and root cause
elimination

Nonconformities
(pedestal)

Principle of the reactive management method



Proactive safety strategy is an active collection of information from various sources that could in-
dicate new safety issues. Organizations implementing a proactive safety management strategy shall
consider that the risk of accidents can be minimized by identifying vulnerabilities before they consti-
tute a hazardous situation and by taking the necessary measures to mitigate those risks. Accordingly,
systemic unsafe conditions are proactively identified using appropriate tools (Fig. 1.4).

© Nonconformity
identification

© Root cause analysis

o Corrective action plan
and correction

Safety level
evaluation Ky,

Proactive safety management method

The predictive safety method approach is based on the principle of identifying deficiencies before
they occur. Thus, the risk factor forecasting system collects and integrates data from various sources of
information that may indicate the possible cause of the risk factors.



The basis for an airline’s safety management is a systematic approach to identifying sources of haz-
ard and controlling risk factors, as required by ICAO. This includes the compilation and analysis of
deviations in the airline’s departments, services and staff, and the use of their results in the develop-
ment of management measures and the implementation of corrective actions. Such a system allows
the organization to anticipate and eliminate problems before they lead to an adverse event (incident or
catastrophe) [70].

Non-compliance raised by personnel means violation of the norms and regulations governing the
operation of the elements of the aviation complex, as a result of which such non-compliance poses a
threat to flight safety.

Non-compliances in the work of structural units and airline personnel include intentional or
unintentional violations of regulations, such as non-compliance with technological documentation,
non-compliance with management orders governing the operation of aviation components. Such dis-
crepancies and deviations can lead to special situations during the flight and create risks that can lead
to an adverse event (incident or catastrophe) [76], [77].

The safety of the airline is ensured by an effective safety management system. The safety manage-
ment system is an orderly approach to aviation safety, including the necessary organizational struc-
tures, responsibilities, guidelines, policies and procedures.

The airline’s management information system must record, store and analyze the required data set,
work with all levels of events, follow a built-in algorithm and at the same time comply with the latest
ICAO and EASA safety requirements.

The model of the airline’s operational data collection, storage, processing and use system with inte-
grated management system can be schematically represented as shown in Fig. 2.1.

Airline
R12
v ] exit
Entry Alrline Safety R23 R31 Airline . .
ry Management #|  Decision Makers M3 Operation M1 " :
System M2 —
[ =y
t Ra3
Standards M4 R35
R35
R45
R25 ‘| Actions M5 |4~ R15
5 - — —

Model of an airline with an integrated management system

Subsystem M,, - “Airline operation”; control-command objects of the functional subsystem in
which unfavorable situations S,...S, occur in-flight and on the ground, or adverse events. This is where
the unfavorable events take place. It is characterized by productivity indicators:

flight crew duty time (hours);



number of flights (landings);

operating time of units (hours);
number of passengers carried (persons)
other indicators.

Subsystem M, - “information base”, includes deviations in the airline’s operations in all areas of
activity and adverse events that have occurred in the air and on the ground over a specified period of
time. Here they are collected, stored and processed. Adverse events during flights are due to the fault of
various services. Information about them is also collected here.

Subsystem M, - “organizations and people who make decisions” includes the company’s depart-
ments and people who in exceptional cases make operational decisions and strategic decisions for a
certain period of time. Each participant in this subsystem must provide automated workstations. Au-
tomated workplaces must be designed strictly for their intended functional purpose. It can be a laptop
or desktop computer with the ability to connect to the system, or it can be a set of computer service and
software designed to automate the employee’s work within his/her tasks.

Subsystem M, includes regulatory documents in accordance with the various areas of the airline’s
operations, as well as the units and persons assessing the compliance of operations with the standards.

Subsystem M has services and staff that develop safety performance plans. At the airline level, they
control the level of safety and make decisions. And at the same time, there are sources of information
M,

Thus, we have a closed model of system dynamics, between the elements of which there is a constant
exchange of information. The sequence of steps in the model is shown as direction arrows - R;. Using
the model decisions may be immediate (tactical decisions) and long term (strategic decisions), based on
a deep and comprehensive analysis of the data entered into the M, database.

There are information links that operate between subsystems :

R,, - risk factor data transfer information database M;;
R,; - submission of results for information processing in subsystem M;;
41 —~ management decisions based on information from database M;;
45 — assignment of tasks in the development of enforcement measures M;
15xRy5 ~ transmission of information to airline departments developing measures M;
R

R
R
R
R,3,Ry5 - submits requirements and installation of standard indicators M, M.

Factor analysis tasks in uncertainty are characterized by the lack of a clear form to clarify the ana-
lytical dependence of system performance on various factors with sufficiently representative statistics
on factors, performance and events in the airline.

The tasks of deterministic factor analysis assume that the analytical relationships between factors,
indicators and events are given, as well as the facts, indicators and events themselves are determined.

Solvmg of these and other tasks involves:

the organizational structure of the system with functional and informative links between the
elements;

a set of indicators or factors organized in a certain way (database systems);

specialists trained to perform analysis, make decisions, and have the appropriate authority;
statistical materials on deviations and irregularities in services and departments;
mathematical methods and models for processing information on aircraft operations;
technical means and computers for analysis and decision making;

criteria for assessing the impact of deviations and breaches on flight safety;



criteria for evaluating the effectiveness of the developed measures and the costs of their imple-
mentation.
The algorithm developed by the author summarizes and analyzes the deviations in the airline’s
operations. The algorithm was developed taking into account the sufficiency of the powers of a specific
department (service) manager in the airline.



The analysis of different methods of organizing expertise: commission methods, court methods,
brainstorming methods, Delphi methods, decision matrix methods, predictive graph methods and oth-
er methods allowed to choose the “leader” method for determining the composition of information
system indicators, which is a pairwise comparison method [25], [28], [31], [34].

The essence of the pairwise comparison method is to offer the expert a list of objects (indicators) to
be compared with each other according to some criteria (in our case, the role of the indicator in solving
flight safety improvement problems).

It is convenient to compare pairs when the number of objects is large, as well as when the differences
between objects are insignificant. When comparing objects in pairs, the expert notes the advantages of
only one object compared to another or its equivalence. It is like a “win”, a “loss” or a “draw” in a team
playing in a round.

If n objects are compared in pairs, and the desirability property satisfies the wishes of the expert,
that is, if objects a,and a;are related to P, and at the same time objects a; and a, are also related to P, it
follows that a;and a, are also related to this relationship, in which case the objects are ranked.

The results of each expert’s comparison are summarized in a square table (Table 3.1). As in the best-
known circular sports system (each with each other), the result is summarized in the overall ranking
table.

Table 3.1
Expert Table

Creator No.

In the table, at the intersection of the corresponding line i, the object and the column corresponding
to j, the object is placed “2” if object j is preferred for i, “0” is otherwise, and “I” if the object is undecided
(equivalent) (as “victory,” “loss” or “draw”).

The total number of comparisons in one pair will be equal to n(n-1)/2.

Adding preferences (points) to each object according to the rows of the table allows to discover the
rows (rank) of the objects.

Mathematically, expert table can be represented as an order relationships procedure #-n ratio of
”P,j ” square matrix with the following elements:



2if g >a;

Pij: Oifai<aj, (3.1)

lif a; =a;
where iis the matrix line number;
j is the column number;
notation a; > a; means preference a; for a;
sign & means equivalent (equal).

To remove the matrix P; principal diagonal of the at the uncertainty element values i = j of the given
by symbol O in the table, these elements are assigned the value of “1” (the game is “by itself”).

A visual representation of the implementation of the pairwise comparison method can be an orient-
ed multigraph with vertices i corresponding to comparisons a; (i = 1, n), where it is preferred that a; over
a; is represented by two arcs directed from vertex i to vertex j, but equivalence a; and a; with one circle
from i to j and one circle fromj to i.

For a relationship matrix to have a graph adjacency matrix, each vertex must have a loop.

An example of a graph of 5 objects showing one of the possible 20972 =2'situations is shown in Fig.
3.1[32].

In this case, the adjacency matrix will look like this:

1 0 2 2 1
21 1 00
A=l0 1 1 2 2 (3.2)
02 01 1
1 2 01 1
The elements of the matrix meet the conditions:
a,+a,=2 (3.3)

By summing up the elements of a contiguous matrix in a row, the objects can be ranked.

However, experience with the use of pairwise comparisons has shown that there may be situations
where the transit condition is not met. Thus, if the expert preferred object a, over a,, preference object
a, for a;, and at the same time for object a; preference for a,, then forming a closed cycle, and preference
between objects a, a, as, is a difficult task.

Routes 142,1342 and 1352 (in Fig. 3.4) are forming a closed loop.
The use of the “leader” method [32], [34] makes it possible to overcome these difficulties and to rank
the objects more correctly.

The method is based on the property that there is a path length in graph A when matrix A*#0, and
there is no contour when A*=0, if it starts from a A.



Advantage graph.

The essence of the method is to find the “relative force” of individual objects and its rank (row) ac-
cording to the obtained values of this strength.

It is determined by finding the number of possible path lengths A (A=1, 2, 3,...n) from vertex i to
vertex j in the Advantage graph (Fig. 3.1). In defining P;(\), the matrix of common elements A* which
equals the length of the path number A from i to j, summing up the elements of each of the rows of the
\ matrix, we will find “Integrated Force” first X object, a,— P,(A\) means that

B(1)=3,(1) 64)
In general, “relative power” P, of object a; is

i B
B=lim — (3.5)
2 A0

Practically, for object ranking a; it is sufficient to construct the degrees of the adjacency matrix
sequentially A-A', A%, A*and to compare the classification of the “relative forces” in each step with the
rankings of the previous step.

If the rank of the “relative forces” coincides in two consecutive stages, the process is stopped and the
object rank is accepted according to the rank of the “relative forces” of the obtained objects.

When completing the ranking of objects, the most desirable object is assigned Rank (place) 1, the
next is assigned Rank 2, etc.

By processing the tables of different experts, the sum of the rankings of each indicator is calculated
from all tables. The indicator with the lowest ranking amount is the most appropriate. The scores are
then ranked in ascending order, and the amounts themselves are added up. The involvement of mid-
dle and senior management in the work of aviation professionals does not guarantee high quality of
all members of the expert group. The quality of an expert is influenced by work experience, complete
understanding of the tasks to be solved, psychophysiological characteristics, external factors and much
more. In order to isolate an objective component from the conclusions of individual experts, the suita-
bility of each expert must be assessed. A sufficient number of scientific papers are devoted to the study
of this problem [25], [27], [28], [31], [34].

The following parameters shall be used for the quality of examination and the assessment of the
conformity of individual experts:

the degree of absolute reliability of the expert, which is equal to the number of cases in which
the assessment coincides with the preliminary result, the ratio of the number of assessments



determined by the expert;

the relative degree of reliability of the expert, which is equal to the ratio of the absolute degree of
reliability of the expert to the average degree of reliability of the group of experts;

coeflicient of coherence (agreement) for the ranking of experts or groups of experts;

the number of excluded indicators due to the low ranking level compared to other indicators;
the presence of indicators that are “mandatory” in accordance with the requirements of regula-
tory enactments or basic documents, technological or other reasons, or on the basis of ignorance
not listed or poorly assessed by experts.

Preliminary ranking of the composition of indicators and processing of expert information accord-
ing to the “leader” method is performed on the basis of qualitative characteristics, without precisely
quantifying the advantage of some indicators over others. The problem of finding path length / from
vertex i to vertex j in the ratio graph can be solved by successively increasing the adjacent matrix of the
graph (it is the expert advantage matrix) to a greater degree up to and including the resulting matrices
and by performing proper ranking of indicators. The preferred indicator is ranked 1, the next is ranked
2, and so on.

When processing multi-expert tables, the sum of the steps of each indicator is calculated from all ta-
bles. The indicator with the lowest ranking amount is preferred. The scores are then sorted in ascending
order of ranking amounts, and the amounts themselves are normalized and accounted for.

The reliability of the obtained results and the quality of the expertise, as well as the examination of
individual experts shall be performed using the following parameters:

> absolute degree of reliability of the expert;

relative degree of reliability of the expert;

ranking coefficient of the classification of experts or groups of experts (agreement);

the number of excluded indicators due to the low ranking level in relation to other indicators;
the presence of indicators that are “mandatory” in accordance with the requirements of reg-
ulatory or basic documents, which for technological or other reasons are not listed or poorly
assessed by experts for some reason (“directive” indicators).

Experts with a low degree of confidence may be excluded from the analysis, and their expert tables
should be canceled and the rankings of the indicators recalculated. A similar recalculation should be
made by deleting the least desirable indicators.

If experts M indicated the ranking of objects n according to the wishes, then the consistency (coher-
ence) of the expert opinions can be assessed using the coordination coeflicient W, i.e., the correlation
coeflicient of the rank, which is common to the whole group of experts [27], [28]

To calculate the value of the consistency-coherence factor, the first the sum of the rankings of each

M
object received from all experts is found Zk:lrik, and then the difference between this sum and the
mean of the rankings, i.e., the deviations of all rankings from the mean, must be found:

M_
_ Z ?:12 k=1t
b
n

X

=~
—

1
where 7, =—— M (n+1) is the average of the ranking sums.
The sum of tHe squares of the differences is calculated as follows:

S:Z{f}ik —%M(n+1)}2 (3.7)

i=1 (k=1



If all experts give the same preferences, the maximum value of S will be equal to

max

S :%MZ (n3 —n) (3.8.)

The more consistent the agreed expert results, the closer the value of Sto S, ...

The more disagreement there is, the closer is the ranking of the amount of the average value
M(n + 1) / 2, while value S is closer to 0.

Thus, the harmonization expert characteristics M is the harmony-consistency factor that is deter-
mined by expression

N

W= 5 (3.9)
or according to the formula suggested by Kendall [27]:
— (3.10)
M? (n3 - n)

The value of W varies from 1 if the ranking of the experts is exactly the same, to 0 if there is no
consistency.

A low coherence factor value usually indicates either a lack of common expert opinion or the pres-
ence of subgroups of experts with a high degree of coherence (like-minded people) in the overall group,
but the views of these subgroups are opposite.

The identification of like-minded subgroups of experts is ensured by excluding one expert from the
group and calculating the coherence factor for the other experts. If the value of the new coefficient is
higher than the coefficient for the whole set of experts, then this expert is excluded, but if its value is
lower, this expert remains in the group. Performing such calculations sequentially for each expert iden-
tifies the experts with the “original” opinion and increases the rest of the degree of coherence.



The main purpose of evaluating the performance of this group is to control the frequency of danger-
ous failures and to assess the effectiveness of the measures taken to prevent them. It also helps to identi-
fy and quickly rectify the airline malfunctions related to the technical condition of aircraft. In order to
achieve these objectives, statistics are needed on failures that have caused accidents or incidents, as well
as on previous in-flight accidents, their frequency and severity. Data obtained during the monitored
period are compared with previous periods to identify trends in their change.

An aircraft as a semiotic model of a multi-level technical system has the form shown in Fig. 4.1.

Level 1: Airplane.

Level 2: Consumers - airplane systems and components whose characteristics directly determine
their position in flight (control systems, braking, wing mechanization, etc.)

Level 3: Functional aircraft systems serving customers (hydraulic, fuel, etc.)

Level 4: Elements of functional systems.

Failures of individual functional system elements are recorded quantitatively and qualitatively,
which allows a mathematical relationship to be established between aircraft failures and in-flight emer-
gencies, but must determine the conditions for the aircraft to transition to different conditions.

Aircraft 1 level

Consumers 2 level

Hé
Hé

Aircraft systems 3 level
|
FS; FS; FS,.
oS
‘.

P - consumer; i-consumer sequence number; FS-functional system; j-functional system sequence number;
E - component; k- component sequence number

Semiotic model of aircraft as a multilevel technical system



The pre-determined degree of severity of failure situations reflects the upper limits of their proba-
bility of occurrence. The airline information base that is being developed needs to get the current values
of these probabilities. This will allow to constantly monitor the dynamics of safety level changes and
take appropriate action if necessary. To do this, it is necessary to know the number of different situa-
tions of failure during the flight during the supervised period. We will determine it on the basis of the
failure criteria specified in the regulatory documents and in the analysis of the consequences of the
different levels of specific failure shown in the figure, as defined in the technical documentation of this
aircraft. Let us observe several examples using the calculation of the airworthiness indicators of aircraft
functional systems and their elements of the cockpit air conditioning system. This functional system
provides the aircraft consumer with vital passenger and crew functions during the flight.

We assume that the completion of the flight with an accident is valued at generalized risk probabil-
ity, R. In this case, the total value of risk R is determined by the sum of the risks of all possible failure
situations during flight Q;:

R=Qxgus +Qans +Qsas T Qusras + Quspras = ZQi’ (5.1)

where ASBLAS - failure situation without complication of flight conditions;
ASLAS - failure situation with complication of flight conditions;
SAS - complicated failure situation;
AAS - emergency failure situation;
KAS - catastrophic failure situation.

When assessing the risk of a catastrophic failure situation with each specific failure situation Q,,
we will use Expression (5.1), knowing the number and quality of failures and the hours flown, we can
estimate the frequency of each failure condition p; per flight hour:

n.

o 5.2.
P; T (5.2)

where 7, is the number of relevant failures during the flight;
i=ASBLAS, ASLAS, SAS, AAS, KAS;
T, is flight hours;
Ny is the degree of hazard;
and i is the degree of hazard of a repeated failure situation in flight.
Then we get the catastrophic risk due to a catastrophic failure situation with a certain degree of
hazard n, >~ 1:

Mgas

Qs =Pxas = , because pr =1, (5.3)

. . . TKAS
where Qg is catastrophic risk;

P ks is probability a catastrophic failure situation;
1, ks 1S the degree of catastrophic failure situation hazard.
Analogous to an emergency failure situation

Maas
Qaas =PaasNTaAs =NTAAS T (5.4.
AAS

where Q , ¢ is emergency failure situation risk;



Paas is emergency failure probability;
1, as is the degree of emergency failure situation hazard.

For a complicated failure situation

Nsas
Qsas =PsasNTsas =Nrsas T (5.5.)
SAS

where Qg,q is the risk of a complicated situation;
P sas is the probability of occurrence of a complicated situation;
0, sas 18 the degree of complicated situation hazard;
ng,g is the number of complicated situations during observation time interval T .

Withdrawal situation flight conditions complications:

n

_ _ ASLAS

Qastas =PasLasNTasLas = NTAsLAS T . (5.7
ASLAS

where Q ,q; a¢ 18 the risk of failure with flight complication conditions;
D, asas 18 the degree of hazard of failure with complicated flight conditions;
Pasas is the probability of failure with complicated flight conditions;
15q1 as 18 the number of failures per observation interval for failure situations with complicat-
ed flight conditions, Tyg 4

For a group of events without complicated flight conditions (ASBLAS)

n

_ _ ASBLAS

QasBras = PasBLasNTAsBLAS = NTASBLAS T (5.8)
ASBLAS

where Q,qp 4 s the situation risk;
1, aspLas 1S the degree of hazard of the situation;
PaspLas is the probability of occurrence of the situation;
n,spLas 1S the number of situations during the observation time interval T ¢p; 4

Finally, the risk of completing a flight by crash can be calculated as follows:
R=Qgas + Quas T Qsas + Qusas T Quaspras =

_ Pxas Maas

MASLAS MASBLAS _ zni n (5.9.)
— T,

n
SAS
=T T MraAs T +MNrsas T + M1 AsLas + M1 AsBLAS T
KAS AAS SAS ASLAS ASBLAS i

R= Zm% (5.10)

i

The third characteristic of “abnormal” situation is based on the standard of aircraft system, which
establishes three parameter fields that describe the “crew-aircraft” states:
1) range of permissible parameter values, A,>X;;
2) performance constraint zone, B,>X;>A;;
3) zone of maximum allowable parameters, C;,>X; > B,
where X; is the parameter from the expected operating conditions;
A, - range of permissible values;
B, - operating limit;
C, - other the maximum limit.



The first zone includes the recommended flight modes (RFM). They are determined by the ex-
pected operating conditions, selected according to the intended operational objectives and tasks of the
airplane, and are recorded in the technical documentation.

The operating and maximum limits specified in Zones 2 and 3 are also specified in the relevant op-
erational documentation (AMM Technical Operations Manual, AFM Flight Operations Manual, etc.).
The crew is informed of the value of the Xi parameters close to the flight limitations with special tech-
nical devices or natural features. Based on this, Table 5.1 summarizes the failure scenarios that occur
during an in-flight failure.

Table 5.1
Failure Indicators in the Event of an Aircraft Failure

Failure situation
indicators Changes in the

Changes in aircraft
stability and handling
characteristics and
aerodynamics

One or more parameters
exceed the operating or
maximum limits

Need to change

AL 2] profile, mode, or flight

Type of cancellation state of the crew
situation in flight

Failure situation, no Minor Minor
complications in flight

conditions

Failure situation, with Small Small No No
complications in flight
conditions

(G NITETCREIITETENT M Remarkable Remarkable One or more pa- No
rameters exceeds
the operating limit

Emergency failure situation  ETaitlite:bely Significant One or more pa- Changes to flight
rameters exceeds | profile, mode
the operating limit | or schedule are
required

Crenia I EIIESTER I Saving an airplane and human lives becomes an almost impossible event (Q =
107 per flight hour)

Thus, the analysis of each of any aircraft component damage on the basis of technical documen-
tation makes it possible to identify the failure of the situation and assess it in a specific period of time
(flight time in the aircraft per hour).

Methodology for assessing the pilot’s response in failure situations.

From the time an airplane moves from a normal to a defeated state, the flight mode parameters Xi,
such as flight speed, overload, angle of attack and slip, etc., as well as aerodynamics and airplane stabil-
ity and handling characteristics, begin to change. At the same time, the psychophysiological state of the
crew is changing. It is a human factor, which is not considered within the scope of the Thesis. In such
circumstances, the crew begins to use control actions to compensate for the adverse effects of the failure
and to return the aircraft to a normal condition.

The nature of the change in parameter X, can be different, there can be many variants (Fig. 5.1). It
can be a straight line with a different angle of inclination (2), square or cubic parabola (1), or any other
type (3).
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Possible change options of parameter X; for failure status display.

The possibility of parameter correction depends on the type of failure, flight conditions, pilot qual-
ification and training, or automated system capabilities, etc. One of the decisive conditions for this is
the ratio of the transition time of the parameters outside the limits, which depends on the speed of their
change and the time required for correction, i.e., the available time ¢ .

Let us examine in more detail the development of the change of parameter Xi and the possibilities of
the pilots to correct such changes under the influence of unfavorable factors (Fig. 5.2).

limitations

Xi uim

t, ft,

Curve 1—the curve of the parameter X; change at the failure effect; Curves 2 and 3 — parameter change when the pilot (autopilot) reacts
and corrects the situation (reaction of the aircraft at different times).

During flight time ¢, (normal flight), an abandonment situation occurs on board the aircraft. As a
result of the failure, at least one of flight parameters X starts to change from a certain parameter value
X,» approaching the operating limit area from the beginning. This will be a situation with difficult flight
conditions. If the pilot does not respond, the parameter at time ¢, will go out of the limits of the restric-
tion (flight reccommended modes) and the further development of the process situation moves to anoth-
er level - to a complicated failure situation. If the pilot (autopilot) fails to prevent further changes in the
parameters, then the parameter will reach the maximum allowable limit - the situation will change to
an emergency failure situation. Thus, the time of development of the situation is

t=t,-t, (5.11)
It depends, on the one hand, on the nature of the failure and the flight mode, and on the other
hand, on the time of change and the rate of change of the parameter X; itself. In this case, the rate of
convergence of the parameter with its limitation can be evaluated by the change in the first derivative of
the function describing the change in parameter X;. Time ¢, in Fig. 5.2, determines the possibilities for
correcting the consequences of the waiver. Obviously, the higher the rate of parameter change, the less
t, and the higher is the probability of a failure situation moving to a more dangerous area. If the start
time of the pilot’s intervention in the control of the aircraft to correct the situation in order to exclude
the negative consequences is denoted by £, then the actual start time of the pilot’s intervention in the
control will be equal to



t,=t -t (5.12.)

14

This includes the time and action on aircraft control to prevent adverse effects, i.e., this is the time
for decision. It is regulated by normative documents, although in reality it is an approximate variable
that depends on many circumstances, including the pilot’s psychophysiological state, which is also one
of the signs of a failure situation. As the parameter cannot return to its original value immediately, the
maximum possible pilot intervention moment will be controlled when the parameter change curve
touches the boundary line. If the parameter changes according to a controlled law, the inflection point,
i.e., the tangent to the limitation line, will be determined by the zero value of the first derivative of the
function describing this change. The maximum available decision time ¢,, . will always be less than
3

rmax

vmax:*

Ift,>t,, ... then the pilot does not have time to change the increase of the parameter and the param-
eter will exceed the limits, and the situation of failure from less dangerous will become more dangerous.
Obviously, these values can be determined based on the crew training on flight simulators or decoders
of flight recorders, or by other means [51].

We will assume that aircraft maintenance is performed by a maintenance organization, meaning
an organization certified in accordance with EASA Part-145, or an airline technical center. The task of
the maintenance organization is to ensure the operational safety (airworthiness) of the airline’s aircraft.
Flight safety and airworthiness are quite close to each other. The transition from airworthiness assess-
ment to flight safety assessment shall take into account in-flight denials and/or malfunctions during
maintenance by dividing them into separate groups and defining ICAO accepted safety indicators for
each of them. Thus, for the purposes of the analysis, two indicators are introduced.

Statistic indicator at time, KT;:

"y
KT, :%1051, (5.13.)
where n;; failures and malfunctions detected in the airline fleet airline j for the analyzed period i, on
the airline fleet of the flying hours T;,.
Statistic index per landings, KN;;:

M s
KNj = -10%, (5.14.)
1
where n;; is the number of failures and malfunctions detected in the aircraft fleet airlines j for the
analyzed period i at the number of landings for the same period N;..
The classification of risk factors into three categories that is generally accepted in flight safety theory
has been used:

A - the human factor associated with technical personnel;
B - technical factors related to aircraft failures and malfunctions;
C - environmental factor.
In this case, in the array for the relevant time period the operational safety statistics for period i for

a given aircraft fleet should include the following parameters:
KT,(A), KT(B), KT,(C), KN,(A), KN,(B), KN,(C) (5.15.)
In this case, the analysis is performed of accidental failures that occur during normal operation,

when the initial operating equipment phase (adaptation) has passed and intensive wear has not yet be-
gun. When compiling statistics, a time series of indicators is obtained; in order to study the nature of its



course over time, it is necessary to know the form of the basic function, which can be constructed using
regression analysis methods. The base function K;; will differ from the initial function with a random
total error Sy’

K, :f{}. +Ss (5.16.)

Based on the basic function K ;» is possible to perform the development trends of service indicators
0, which will be the first derivatives of the basic function over time:
_4K;
Pdt
The development of operational indicators over a period of time characterizes the impact of long-
term large-scale measures aimed at improving the level of flight safety. However, as the analysis shows,
the basic function of safety performance and its trends must depend on the level of trends over time:
2 2
40 40 dK,
vooar dt ds?
For further analysis we denote any of the basic functions of time series y=f(t) and with this depend-
ence will be sought in the form of independent variable ¢ polynomial n-degree:

(5.17.)

(5.18)

y=by +bt+b,t* +..b,t" (5.19.)

So, the first derivative of the base functions at a time period will be the base function’s 6 change in
trend lines of type:

e:%zbl +2b,t +3byt* +...+nb t" (5.20.)

The second derivative of the basic function, or the rate of change of the trend, will be the time series

of the form:

2
é:@:d—yzzb2 +6bst+...+n(n—1)b,t" > (5.21.)
dt 4+

The rate of change, trend or acceleration of the time series of the basic function allows the behavioral
dynamics of the initial dataset to be done only by correctly selecting the degree of the approximate pol-
ynomial and determining the values of the coefficients of the polynomial of the chosen degree. A fairly
complete analysis of the whole array of safety performance can then be performed. Firstly, in order to
obtain effective organizational and technical measures to improve flight safety when the organisation’s
management staff carries out an engineering and social analysis of the causes of changes in the trend of
flight safety indicators for the aircraft maintenance organization subsystem, it needs to know not only
time function @ (its sign), but also the rate of its change 6.That is the point in time function changes 6
and 0 that the management and control of staff should pay attention to as well as to certain develop-
ments in the process of change causes - social, technical, economic or other, both negative and positive.
Secondly, it will allow to predict the behavior of such a time series for the next phase of the operation,
which will allow management staff to draw appropriate conclusions and take the necessary measures
to prevent the development of undesirable trends in the near future. Thus, the interaction between the
links of the “aircraft-maintenance organization” subsystem needs to be ergonomically considered in
order to anticipate and prevent adverse developments that will lead to a deterioration in the change
of basic functions from the technical factor of the aircraft fleet. This means that during a given cycle,
information should be collected on accidental aircraft denials and those resulting from human activity
through further mathematical processing of the resulting statistics. When creating failure indicator
KT(A), the basic function of KN(A) allows to assess the development trend by performing regression
analysis 0(A). However, when studying the impact of maintenance operators on the safety performance
of air transport, this approach is not sufficient, as in the ergonomic subsystem “aircraft-maintenance or-



ganization” the change in operator organization leading to deterioration of safety indicators and chang-
es in speed is inevitable with a delay over time; this will affect the aircraft fleet, worsening the technical
factor. To find trend parameters 8(A) and the rate of change @ it is necessary to move square, cubic or
higher degree of approximation, only then investigated parameters 6 and 0 will become an essential
function of time and will be subject to detailed study. The use of a cubic approximation makes it pos-
sible not only to obtain functions of time 6(A,f) and (A, 1) but also to determine the fourth regression
coeflicient and acceleration, the knowledge of which will be very useful in particularly complex cases.
Thus, the task is set as follows: in order to predict the trend of changes in safety performance by techni-
cal factor, considering random failures, in the previous time cycle it is necessary to study the behavior
of trend parameters and their speed for safety performance determined by the human factor - mainte-
nance operator. To determine the reliability of the accepted connection between the links of the aircraft
maintenance organization subsystem, a mathematical experiment should be performed over two time
cycles: a mathematical model of the process should be constructed using available statistical materials
and the results obtained with the proposed initial scheme should be compared. If the presence of the
combinations described above is confirmed, it is recommended that an analysis be performed to predict
trend 0(B) and the rate of change O(B) of the technical factor KT(B) and factor KN(B) for the intended
operating cycle.

Final results of function K in the graphical form and its change trends 0, by factors A, B, C are
shown in Section 6. However, these types of laws do not allow to obtain both parameters 6(¢) and o)
describing the trend and the change in the speed expressed in a function of ¢ time. As a result, a more
accurate analysis of events (failures) is needed, using mathematical modeling for the basic functions of
Aviation Technical safety indicators in the form of cubic dependence.



The objects of the examination of the results obtained in the dissertation were Latvian airlines with
small and medium air traffic. According to the methodology used by the author, the probability of fail-
ure of the technical components of the aircraft of unfavorable factors was calculated at different levels
of the multi-level structure.

Figures 6.1-6.9 show the rejection frequency of elements (individual factors) in the analyzed period.
The components whose failure creates a dangerous failure situation in flight and certain non-hazardous
failures that lead to failure situations without complicating the flight conditions are highlighted. Figure
6.4 shows the results of calculating the probability of trouble-free operation of these units.
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Number of failures of air conditioning system elements during the study period.

In order to assess the possibility of safe operation of the system units, the units with the highest ab-
solute number of failures were selected. The components highlighted in the figure are the units whose
failures in flight create a complicated failure situation.

Probabilities of operation of all components of the above functional systems without failures were
calculated in the same way:

21 - conditioning system;

27 — management system;

28 - fuel supply system;

29 - hydraulic system;

30 - anti-icing system.

The results of the calculations showed and identified the least reliable of them. They are shown
graphically in Figs. 6.3 and 6.4.
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Probability of failure of individual components of an air conditioning system.

Similar probabilities of fail-safe operation were performed during the study period for 5 functional
systems in Fig. 6.3. Summarized results are shown in Figs. 6.4 and 6.5.
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Probability of fail-safe operation of AVRO-RJ70 functional systems.

The graph shows that the most unsafe system is (in order of increasing safety):

air conditioning system;
aircraft control system;
hydraulic system;
anti-icing system;

o fuel supply system.

Based on the performed research, the least reliable components of the studied systems were identi-
fied. According to the standards, an individual failure that is not highlighted in dark color causes a fail-
ure situation without complicating the flight conditions (ASBLAS), the failure marked with the darkest
color leads to a failure situation with flight difficulties (ASLAS). Simultaneous failures of two or more
components lead to emergency failure situations (AAS).

The performed calculations are the basis for estimating the overall risk of an airplane being termi-
nated in the event of an in-flight technical occurrence.

Based on the calculations of the airworthiness reliability of the aircraft air conditioning system
described above, their regression (correlation) analysis was also performed.

This required finding function K(t,) to approximate the set of numerical values. Usually the smooth-
ing function is characterized by a m polynomial of degree:

K,=a,+bt+b,+..+b,,t, (6.1,

where a and b are coeflicients of the smoothing function.
As described in the previous section, the mathematical apparatus of regression (correlation)
analysis, a and b coeflicients of the smoothing function were obtained, which determine the linear

approximation function for the case under study. The total number of failures components, y = K(t,),
has been calculated, with the air conditioning system performing statistical data processing for the



whole fleet as per months (Fig. 6.5). According to the described methodology and graph, the smoothing
functions K(t,) are denoted by quarters and years. As can be seen from the graph, the smoothing func-
tion decreases monotonically during year K(f). This indicates a favorable development of the changing
trend K(f). However, the quarterly analysis shows that this view is unrealistic, as K(f) declined in the
second quarter but rose sharply in the third quarter, and in particular in the first and fourth quarters.
The results confirm that it is possible to take timely measures to improve the quality of aircraft mainte-
nance and flight safety using this methodology.

2

AN =
Y — 2
& Qi‘; !i“"% :
é S ""'--.,,‘_______, 4
KH1 —#—5
| =
0.5
0
1 2 3 4 5 6 7 8 9 10 M 12

t months

Changes in the number of air conditioning system failures after maintenance periods.
1-K, qua(l‘) =148 +0.08¢%;
2-K, qua(l‘) =1.59-0.15¢;
3-K; qua(1‘) =1.2+0.002¢ (6.2.)
4-K, qua(t) =0.89+0.12¢
5- szear(t) =1.63-0.05¢4
6 —

>

The risk of an abort will be equal to

R=3n2t 6.3)
Ti

Algorithm for estimating the risk of terminating a flight with an unfavorable outcome R.
All data necessary to be included in to table.



Table 6.1

i —
1 ASBLAS NTyspras = 107 | 115qp1 as — Number of events ASBLAS | Flight hours during
2 ASLAS NT agias = 107 | 15q; o5 — Number of events, ASLAS }s)aefrei’i)}zlcontrol
3 SAS N1 gpg =107 ngyg — number of events, SAS
4 AAS NT yas=10" 1, s — Number of events, AAS
5 KAS NT g pg = 10° nyg os — Dumber of events, KAS

The number of controlled failure situations at different hazard levels is determined on the basis of
the failure situation criteria specified in the regulatory documents and the analyses of the consequences
of specific levels of different failures specified in the technical documentation of this aircraft (Table 6.1).
By analyzing each failure of any aircraft component on the basis of the technical documentation, it is
possible to identify the failure situations and estimate their number for a certain period of time T (flight
hours in the safety control interval).

Let us show this using the example of an aircraft air conditioning system discussed above. This
functional system provides the aircraft consumer with vital functions for passengers and crew during
the flight.

So, the consumer is an important life support system. In our case, the functional system is air con-
ditioning system (ACS). The regulatory requirements specified in the operating instructions for this
system are as follows:

a. Cockpit and cabin air pressure P, relation to the permissible pressure values P,. Allowed to be:

P > P, .. (overpressure). According to the flight manual, an increase in cabin pressure (air pres-
sure circulating compressor) must be excluded in such cases, an emergency altitude reduction must
be performed and, if the aircraft does not provide cabin ventilation at low altitudes, landing at the
nearest alternate aerodrome. According to the standardized features, (Table 5.1) this will be an
emergency failure situation (AAS).

b. P, <P, ..m (depressurisation). It is not necessary to switch on the pressure in this position, so the
crew that has reached the flight level at a safe altitude in terms of the allowable pressure can contin-
ue the flight for as long as needed. Accordingly, with standardized features, this will be a difficult
failure situation (SAS).

c. (dp,/di) > (dP,/ di) allowed. Usually, this condition also leads to a reduction in pressure, which
means leading to an emergency failure situation (AAS).

According to the statistics from 15 failure conditions associated with this functional system during
the monitored period, an increase in pressure in the pressurized cabin and system normalization of the
system were observed in 9 cases. Out-of-standard pressure cab parameters are usually raised by control
valves failure and left in open position. As a result, the aircraft were forced to make an unscheduled
landing, which is an emergency failure situation (AAS) according to the criteria for a failure situation.
In the other 5 cases, the cause of exposure to high temperature sensors was air radiator failure, damage
to hot air ducts. In four of the above cases, the crew was forced to cut off the air supply from the engines,
which corresponded to a difficult failure situation (SAS).

Thus, knowing the number and quality of failures and the corresponding flight hours, we can esti-
mate the frequency of each failure condition p; per flight hour:

n.

=L 6.4.
P; T (6.4.)

where #, is the number of appropriate failure situations in flight;
T; is flight hours.



To practically assess the level of flight safety using group C safety performance indicators related
to aircraft operations, the author used the pyramid method described in the Chapter 1 to quantify the
severity of failure situations when in-flight adverse events occur using the aviation adverse event clas-
sification.

Where ny is the number of catastrophe; n , is the number of emergency situations; ng; is the number
of serious aviation incidents; n, is the number of aviation incidents, according to the generally accepted
ratio

meng:ng:n =1:10:30:600, (6.5.)

Analyzing this ratio in Figs. 6.5 and 6.6, it can be concluded:

o The severity of the consequences of much higher-level events is always higher than the lower

level of severity of events.

o The process of developing an adverse event most often occurs from less dangerous events to more

dangerous events.

o In each of the most dangerous events, less dangerous events had occurred with a high probabil-

ity — examples (precursors).

In the pyramid model (Fig. 6.6) for assessing the level of flight safety it is represented rather as an
underlying adverse events ratio, not as the failure of the flight situation frequency and the severity in
the estimated period .

Probability p; Failure situation level m;
- SAS -

I psuas -]

Pyramid of possible development of failure situations in flight.

Nias Naas Noas i Nagias  Nasprag=10°:107:102:107: 107, (6.6.)
where Ny ¢ — number of catastrophic failure situations;
N, o5 — number of emergency failure situations;
N, - number of complicated failure situations;
N, g1 as — number of cases of failure situations with complicated flight conditions;
N, spras — number of cases of failure situations without complicated flight conditions.
Thus, we move from the flight safety level determined by the number of adverse events during the
reporting period to overall risk probability R that is determined by an integrated assessment of the sum



of all risk-failure situations during the flight.

Then, from the relation (6.6), assuming numerical values and showing that the weighting factors
A, which determine the investment in each risk situation, risk R is directly derived for the determined
flight:

Ak as — catastrophic failure situation weight factor - 10°

A aas — emergency failure situation weight factor - 107

Agas - complicated failure situation weight factor — 107

A aspas — failure situation with complicated flight conditions weight factor - 1073

A aspras — failure situation without complicated flight conditions weight factor - 10~

Numerical values of \; can be determined using mathematical methods. However, the most appro-
priate way to quantify is a statistical estimate. This is done by determining the frequency of the tran-
sition from emergency to complicated situations or from complicated flight conditions to catastrophic
situations. To do this, it is necessary to know the absolute values of the number of different types of fail-
ure that have occurred in a given period, as well as the number of failures that have caused the failure.

The general risk level, flight risk level R as an integral failure situation risk assessment per flight hour
is determined by Formula (6.7):

5

R=Ngashgas + Naashaas + Nsashsas + Nasrastasras  Nasprashassras = ZN ik 6.7)
i=1
or !
5
RzZNi}\'i (6.8)
i=1

The formula is used to estimate the probability of transition from an abnormal situation to a cata-
strophic situation due to a failure per flight hour. Information on specific situations for risk assessment
in an airline allows to create a risk scale. When creating the risk scale, it is assumed that all its possible
values are in the range from “0” to “1”, which means the lower and upper limits. Such a scale can be used
to assess a specific situation in the form of a matrix (Table 6.2).

Table 6.2
Risk Matrix

Failure situation severity

Minor

(ASBLAS)

Insignificant
(ASLAS)

Significant
(SAS)

Hazardous
(AAS)

Catastrophic
(KAS)

Frequent Subject to Not acceptable | Not acceptable | Not acceptable | Not acceptable
p;<10° analysis
= Probable Subject to Subject to Not acceptable | Not acceptable | Not acceptable
] p;i=10"* analysis analysis
= [ Low probability " RS IT1 Subject to Subject to Not acceptable | Not acceptable
s p; <107 analysis analysis
g SR ETE A Acceptable Acceptable Subject to Subject to Not acceptable
p;<10° analysis analysis
Practically Acceptable Acceptable Subject to Subject to Subject to
impossible p; < 107 analysis analysis analysis

However, such a risk scale must be reclassified periodically because the actual values of A, are deter-
mined by the level of flight safety achieved over time, which changes over time.

In research is assumed that for an airline with an average air transport volume that is the subject
of this study, the relative safety performance can be calculated with sufficient accuracy in the form of a
relative safety index for the period analyzed using Formula (6.9) and (6.10):



1-N
K:TNG-IOO% 6.9)

K=V (6.10.)
NNG

where Ny - total number of negative events classified in regulatory documents, as well as existing
non-compliances and violations of standard (specified) parameters, equipment malfunc-
tions and other events not included in Fig. 6.6);
A - airline flight of the airline for the study period.
The coefficient condition is K: K < 1.
In order to increase the relative level of flight safety, a scale factor of the criterion is introduced:
M = 10°. (611)
Ny is calculated by the following formula:
Ny = KiNgas + KoNaas + KsNsas + KyNasas + KsNaspras = 2 NiK;» (6.12)

where K, K,, K5, K, K, are the weighting factors of negative events.

The weighting factors (K, K,, K5, K,, Ks) are determined according to the expert method described
in Chapter 3. The following values are intended to be used for practical application:

K, = 0.5; K, = 0.3; K, = 0.1; K, = 0.05; K, = 0.005 (6.13)

Substituting the value from Equations (6.13) and (6.12) and placing in Equation (6.9), we obtain the
following:

K = (0.5Ny 5 + 0.3N, g + 0.1Ng 1 g + 0.05N, g 55 + 0.005N g p5) X 10°/ A (6.14)
The relative flight safety index over the analyzed period is determined by the following formula:
1-N
K=TNG~100% (6.15.)

Relative flight safety index K over time is simple and straightforward.
This index takes into account the airline’s load, all adverse events in the airline and reflects the level
of flight safety [36], [40], [47], [48].

As outlined in Chapter 4, in order to move from the airworthiness assessment to the safety assess-
ment, it is necessary to take into account in-flight failures and/or malfunctions during maintenance,
dividing them into separate groups (A, B, C) and determining the impact of each on the safety indica-
tors. Calculations were obtained according to the methodology described in research and the following
data were obtained: quarterly regression coeflicients (A, B, C; A+B+C); annual regression coefficients;
variances and standard deviations per year; quarterly figures; quarterly trends; the pace of change in
quarterly trends; annual indicators and their forecast; annual trends and their forecast; annual trend
change rates and their forecast. Based on the obtained graphs they will be analyzed more detailed.



Figures 6.7 and 6.8 show the graphs of changes in basic functions depending on the indicators by
quarters, based on the rolling indicator method, which means taking into account the events of the
previous quarter. The data set will then cover the events (failures) that occurred in the entire fleet of this
type of aircraft in days 182-184, taking into account the denials of all 22 technical systems and com-
ponents of each aircraft (aircraft, engine, chassis, fuel in aeronautical radio equipment and navigation
equipment, etc.).

The presence of such a large amount of data for six months actually allows the use of conventional
distribution laws and standard methods to study the case value.

The presence of moving indicators is required to calculate regression coeflicients for the quarter un-
der review. Therefore, the actual change in parameters K(A), K(C), K1(B) and K.(A,B,C) in the charts
only for this quarter (excluding the values for the previous quarter).

Total schedule K (A, B, C) for the year gives a fairly clear picture of the failures of aircraft from
January to September, with a slight increase again at the end of the year. However, the role of the indi-
vidual in these failures is ambiguous. According to human factor A, the change in the K (A) parameter
deteriorates until May, after which it improves until the autumn, after which the presence of factor A
and the increase in component failures increase again.

Thus, it is necessary to perform an engineering and social analysis of the reasons for the deteriora-
tion of the work of technical staff in these periods, which can be done quite completely, if we use the
graphs of changes in indicators, the rate of change, as well as data from other sections.
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From graph 0(4, f) in Fig. 6.9 it follows that from January to the end of April the trend was positive
and the most negative work results were in March, when the acceleration of the maximum deterioration
of the trend was achieved, as can be seen from G(A,t) in Fig. 6.10. After 7 months, the indicator con-
tinued to decline, but this downward trend deteriorated, leading to an increase in 8(A, t) with a smaller
acceleration G(A,t), which again showed a sharp decline after 9 months. A similar justification should
be provided when analyzing the results of the processing of statistical material on aircraft failures and
malfunctions performed on individual aircraft systems and equipment.

Figure 6.11 shows an example of the change in the flight safety schedule indicator and its parame-
ters according to coefficients A and B for the electrical equipment of the aircraft fleet. From the graphs,
as well as from the view of the schedule it can be seen in advance (see. Figs. 6.7 and 6.8) that important
interrelated causal trends and changes in the rate take place on a quarterly basis, depending on factors
A and B. Trends O(A, 1) and 8(B, ) and speeds O(A,t) and é(B,t) change according to an approximately
periodic law with phase shift trends 0(A, t) and 0(B, ¢), as well as trend rates G(A,t) and O(B,t), may in
some cases reach P/2 and P, respectively. These data indicate that the deterioration of staft quality later
leads to equipment failures. Thus, the non-monophonic nature of the change of flight safety parameters
0(A, t) and é(A,t) under the influence of factor A has been identified. Roughly it can be considered as
a quasi-periodic process. Moreover, even one type of monthly production task does not lead to a tran-
sition to a quasi-monotonic flow.

It also follows from the given graphs that the process of changing the parameters of the basic func-
tions of the safety indicators of technical coeflicient B is not monotonic. This process also describes the
trends in quasi-periodical function parameter (B, ) and speed é( B,t). However, these curves are phase
shifted with respect to similar curves describing parameters 6(A, f) and G(A,t) under the influence of
factor A. The phase shift is negative: there are delays and changes in parameter functions 6(B, ) and
é(B,t), by factor B compared to similar functions 8(A, ) and G(A,t) by factor A, which indicates the
link between the maintenance organization and the aircraft, directly in the subsystem “aircraft in the
maintenance organization”. Thus, if the management of the maintenance organization were able to use
the proposed methodology on an ongoing basis and perform a timely engineering and social analysis
to assess the causes of such a trend change, it would be possible to influence the production process
to prevent uncontrolled changes in aviation technology safety indicators that are currently underway.
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The developed system for the identification, collection, processing, analysis and use of risk data
arising directly from deviations from the standards in the operation of various airline structures and
personnel can be considered as the basis for the joint management of an airline. It is based on a quality
system as an integral part of the airline’s integrated management system.

In the analyzed airline, the quality system was developed and implemented in accordance with the
requirements of ISO 9001: 2008, based on the overall quality management system. It is a one-size-fits-all
model that best meets the requirements of all stakeholders (shareholders, management, staff, consum-
ers) and thus allows both the overall transmission and the focus to meet the individual requirements of
the situation. The safety management system has also been implemented and is operating successfully
in accordance with ICAO and EASA requirements, building on existing resources, and assessing the
company’s current capabilities in the field of safety management (including experience, knowledge,
processes, procedures, resources, etc.)

The functions of the departments and decision-makers are assigned to both the flight safety depart-
ment and the quality control department, which coordinate functions with each other and with the
heads of the departments, facilitating their safety and quality management functions. The creation of
the 1nf0rmat10n base in the proposed form allowed:

to expand the “geography” of airline systems management, thus contributing to its improve-
ment;

to ensure greater coordination of activities within the airline, thus reinforcing the synergy effect;
the result of coordinated practices is greater than the simple sum of the individual results;

to reduce functional inconsistencies in the airline resulting from the development of autono-
mous management systems;

it is much less labor intensive to manage than several parallel systems;

introduction of this system increases the corporate culture, in which quality and safety are con-
sidered to be the same core values, which meet the requirements of ICAO in this area, given that
2021 has been declared the ICAO Year of Aviation Safety Culture.



1. An information database model has been developed for the airline to identify, process and pro-
vide information in a timely manner, allow the airline and decision-makers to provide objective
information on areas at risk of adverse events, and identify trends in safety performance based
on information flows from the various areas of the airline’s operations with an integrated man-
agement system that allows the expected level of safety to be determined in a timely and reason-
able manner. This makes it possible to minimize the risk and thus maintain an acceptable level
of safety for the airline, as well as to forecast the safety performance for the next period. This
approach can be seen as a transition to a new level of safety management at airline level.

2. An algorithm has been developed for the detection and analysis of irregularities of departments
and errors of airline personnel under conditions of uncertainty, which allows the analysis of
safety aspects based on factual information coming from various sources to airline information
on the basis of which it is collected, classified, stored and analyzed using analytical methods and
techniques. Based on this algorithm, software for automated information processing and analy-
sis has been developed.

3. A system of indicators has been developed for the assessment of flight safety (6 groups of indica-
tors for the general directions of the airline’s operations), each of which will include a specific set
of indicators, as well as the methodology for their assessment.

4. A methodology has been developed to determine the level of flight safety using Group C indica-
tors related to the aircraft and its operation by assessing that the multi-level functional system
takes into account the probability of failure of each level and the severity of the consequences.

5. The developed methodology was tested on the basis of the airline’s performance, the results of
which show that the implementation of this system in the airline’s practice will allow timely
provision of the necessary information to the airline’s bodies and decision-makers in those areas
where the risk of adverse events is highest, as well as allow the identification of trends in safety
performance based on information flows from different areas of the airline’s business, with an
integrated management system that allows timely determination of expected level of flight safe-
ty in a reasonable manner.

This approach can be seen as a transition to a new concept of safety management at airline level.



14.
15.
16.
17.
18.
19.

20.

21.

22.

23.

24.

25.

26.

. Andris Vaivads, zinatniskais vaditajs: profesors Dr. habil. sc. ing. V. Sestakovs. Promocijas darbs.

Lidojumu drosibas un regularitates uzlabo$ana aviokompanija, pamatojoties uz gaisa kugu tehnisko
ekspluatacijas procesu uzlabosanu. Riga, 2016.

. Aviacijas noteikumu 25. dala (PAII ®enepanpusie PBuanonnsie [Tpasua) Transporta kategorijas

gaisa kugu starpvalstu aviacijas komitejas lidojumderiguma standarti, 5. izdevums, ar grozijumiem
2015. g.

. Certification Specifications and Guidance Material for Master Minimum Equipment List (CS-MMEL)

Issue 3, 31 May 2021.

. Commission Regulation (EU) No. 965/2012 of 5 October 2012 — Air Operations.
. EASA Certification Specification for Large Aircrafts CS-25, Amendment 26.
. Dissanayake V. B., Shestakov V. Estimation of aircraft state inflight under the influence of adverse

factor, Series 5, Part 12, Riga, 2002.

. FAA Proposes New Part 23 “Airworthiness Certification Standards”. National Business Aviation

Association. March 14, 2016 https://nbaa.org/aircraft-operations/safety/faa-proposes-new-part-23-
airworthiness-certification-standards/

. Heinrich Revisited: Truisms or Myths by Fred A. Manuele, 2002, ISBN 0-87912-245-5, US National

Safety Council.

. https://studfile.net/preview/4534017/page:18/
10.
11.
12.
13.

ICAO, 2018, Safety Management Manual (ICAO Doc 9859), 4th Edition, pp. 2-18.

ICAO Safety Management, Annex 19, 2nd Edition, July 2016.

H. W. Heinrich. Industrial Accident Prevention: A Scientific Approach 1931 Addtion 1941
Jastrebinskis A., Sestakovs V. The Method for Assessing the Level of Flight Safety in Airline with
Small and Medium Operations. In: 4. Starptautiska zinatniska konference “Transporta sistémas,
logistika un inZenierija-2016”, rakstu krajums, Latvija, Riga, 30 Jun-1 Jul., 2016. Riga: Rigas
Aeronavigacijas institits, 2016, 20.-30. Lpp.

Official Publication Certification Specifications: (CSs) CS-FSTD(A) Aeroplane Flight Simulation
Training Devices https://www.easa.europa.eu/official-publication/certification-specifications.

Ruta Bogdane (author), Profesore, Dr. habil. sc. ing. V.Sestakovs (research manager) Promocijas
darbs Lidojumu Drosibas Limena Likumsakaribu Ar Razosanas Faktoriem Aviokompanija Analizes
Modela Izstrade 2019
Smartlynx Airlines A320 Minimun Equipment List. Issue Date 24 Feb. 2021.

Smartlynx Airlines OM-A. Ch. 8.8, Rev. 36, pp. 397-403.

Smartlynx Airlines Aircraft Maintenance Program. Issue 42, Rev. 23.07.2021.

William, B. Johnson, M., Maddox, E. (2007). A model to explain human factors in aviation
maintenance. Avionics.
AVaivads, V. Shestakov, L. Vinogradov. (2010). “Search and Emergency - Rescue Organization and

Realization at Aviation Accidents in the Airport Responsibility Area”, 4th International Conference
on Scientific Aspects of Unmanned Aerial Vehicle, Kielce, Poland, May, pp. 5-7, 78-87.

V. Shestakovs (2012). “Airplanes Incidents Analysis because of Aviation Personnel and Evaluating
the Effectivenes of Measures to Prevent Accidents”, Kielce: Polish Academy of Sciences: 240 p. ISBN:

9788388906749, indexed in SCOPUS ISI Web of Science.

V. Shestakov, O. Gorbacheyv, K. Stefanski. (2019) “Assessment of Professionally Important Qualities
Aviation Technical Staff”. AIP Conference Proceedings, 2077(1), pp. 31-39. DOI:10.1063/1.5091883.

Boratsipes B. [I. OcHOBBI Teopun ynpaB/IeHN st 9KOHOMUYECKUMIL CHCTeMaMu: y4e6Hoe mocobue / B.
1. Borarbipes, b. H. [epacumoB. ®efiepambHoe areHTCTBO 110 06pa3oBaHuio InaHupoBanus, CIAY. -
Camapa: Mza-Bo CTAY, 2008. - 259 pages.]
3y6kos b. B., llapos B. JI. Teopus 1 mpaKTuKa OIpefe/leHIs PUCKOB B aBUATIPEAIPUATUN IPU
paspaboTKe cucTeMbI yIIpaBieHus 6e3omacHoCThIo moneToB. [Theory and practice of determining
risks in air transport in the development of a flight safety control system], MGTU GA, 174, pp. 18-25.
bemenes C. [I., Typsuu @. I. MareMaTnKO-CTaTUCTUYECKIE METOIbI SKCIIEPTHBIX OIL[€HOK. - M.:
CraTtuctuka, 1980, 263 p.

T'OCT P 55980-2014 YpasieHue prckaMu Ha JKe/Ie3sHOJOPOXXKHOM TpaHcnopTe. Kinaccndukanns


https://www.easa.europa.eu/official-publication/certification-specifications

27.
28.
29.

30.

3L

32.
33.

34.
35.
36.
37.
38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.
50.

OIIACHBIX COOBITMIL.

3b1k0B A. A. OcHoBBI Teopuu rpados. - M.: Hayka, 1987, 384 p.

JIutsak B. I. OkcniepTHas nnpopmanus. - M.: Pagno u ¢Bs3p,1982, 184 p.

Otuer o HVIP Paspaborka meTonoB mpenorspaerns Al u nx mpefnocsriok Ha OCHOBE IPUYNHHO-
(haKkTOpPHOTO aHa/MN3a OIACHOCTell GYHKIMOHMPOBaHUA cucTeMbl Dkunax-BC-ATB-YBI” (na

6aze OAO). Ananus pyuxiuonuposanns cayx6 JIaYTA: ATB, nernoit, nncnexnuy, Y BJI (IICIT),
PKUMMTA, Ne roc.pernctp.01.860086709,- 122 p.

Otyer 0 HVP Paspaborka MeTonoB npenoTspaiieniist AIl i X IpeAnocsIoK Ha OCHOBE IPUYIMHHO-
(baKTOpHOTO aHa/IM3a ONACHOCTel PYHKIMOHMPOBaHNUA cucTeMbl - Oxkunaxx-BC-ATB-YBI»(1a 6ase
OAO. Ananus pynkunonuposanus cucrembl «Jkunax-- BC - ATB - YB]» (na 6aze OAO) (JCII),
PKUMTA, Ne roc.pernctp.01.860086709, 1987, 127 p.

ITerpos B. I, CeBactpsnos H. IT. OcHoBsl noctpoenust ACY. JlabopaTOpHbIi IPaKTUKYM. - Pura:
PKUMUTA, 1985, -102 p.

CraTtucTudeckue METO/bl aHA/IN3a 9KCIIEPTHBIX OLleHOK. - M.: Hayka, 1977, -262 p.

Cwmupnos H. I1., ynusn, bapkosckuii V. b. Kypc Teopun BeposATHOCTEN 1 MaTeMaTU4eCKO
CTaTUCTUKMU [JIS TEXHUYIEeCKUX npunoxennii. M.: Hayka, 1969, — 511 p.

Bepx K. Teopus rpados u ee mpumeHenne. [lepesox ¢ ppanmysckoro. - M.: Mup, 1982, 319 p.
Kenpan M. Panrossie koppensanunu. Ilep.c anrmr.- M.: Cratuctuka,1975, 414 p.

A. A. boposkos. Teopus Beposarnocreit M.: Hayka, 1977, 29 p.

Smartlynx Airlines Management Manual. Revision 31,29.07.2021.

RAF Avia Safety Management System Manual. Revision 1, 25.10.2021.

A. Bitins, J. Maklakovs, R.Bogdane, R.A.Chatys ,V. Shestakov, “Using Adverse Event Pyramids to
Assess Probabilities in Airline Safety Management” in Transactions on Aerospace Research No.1
(262)2021 Poland, DOT: https://doi.org/10.2478/tar-2021-0012, pp. 71. - 83.

V. Sestakovs, J. Terescenko, J. Maklakovs, A. Bitins, R. A. Chatys, “Algorithm for Analyzing
Deviations and Irregularities in the Functioning of the Airline’s Structural Units and Personnel in
the Face of Uncertainty” in Lihuania Vilnius TECH Journal Aviation Volume 24 Issue 2 2020, DOI:
10.3846/aviation.2020.12375, pp. 51.-56.

A. Biting, J. Maklakovs, V. Shestakov, K. Stefanski, “Positive Culture As Element Of Safety And
Efficiency Of Airline Operation” in conference SELECTED ISSUES OF MODERN AVIATION
TECHNOLOGIES Kelce Poland 2021, pp.9.-25.

V. Sestakovs, A. Bitins, J. Maklakovs, K. Stefanski, “Development of Information Database for the
Evaluation of Flight Safety Level of Aviation Companies Using the Integrated System of Management”
in conference 2nd Aviation and Space Congress KLIK Poland 2019, pp.22.-23.

J. Maklakovs, A. Bitin3, V. Sestakovs, R. A. Chatys “Positive Culture as an Element of Safety and
Effectiveness of Functioning of Aviation Company” in conference 2nd Aviation and Space Congress
KLIK Poland 2019, pp.124.-125

J. Teres¢enko, A. Biting, V. Sestakovs, R. A. Chatys “Relationship of Reliability and Safety of Aircraft
Flights in Airlines” in conference 2nd Aviation and Space Congress KLIK Poland 2019, pp. 202.-203.
R. Bogdane, A. Bitins, V. Sestakovs, Y. Bandara Dissanayake “Airline Quality Assessment
Methodology Taking Into Account the Flight Safety Level Based on Factor Analysis” in Transport and
Aerospace Engineering RTU Press Voll. Latvia 2018, DOI: 10.2478/tae-2018-0002 ISSN: 2255-9876,
Pp.362.-366

A. Bitins, A. Suharevs, L. Mikelsons, “Development of Methodology for Safety Risk — Based Airline”
in Collection of articles Transports. Izglitiba. Logistika un InZenierija RAI Latvia 2018, pp.23.-30

R. Bogdane, Y. Bandara Dissanayake, S. Andersone, A. Bitins, “Development of an Information
Database for the Integrated Airline Management System (IAMS)” in Transport and Aerospace
Engineering RTU Press Vol4 Latvia 2017, DOI: 10.1515/tae-2017-0002 Part of ISSN: 2255-9876, pp.
11.-21

J. Maklakovs, A. Bitins, R. Bogdane, V. Shestakov, “Using Heinrich’s (Bird’s) pyramid of adverse
events to assessthe level of safety in an airline” in TRANSACTIONS ON AEROSPACE RESEARCH
4(265) Poland 2021, DOI: 10.2478/tar-2021-0020 eISSN 2545-2835 pp. 11.-20

IATA, 2020, IOSA Standards Manual, 14th Edition, Montreal-Geneva. ISBN 978-92-9264-172-6.
Sidney Dekker, “The Safety Anarchist. Relying on Human Expertise and Innovation, Reducing
Bureaucracy and Compliance”, 2018.



51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.

70.
71.
72.
73.
74.
75.
76.

77.

Helmreich R. L., Klinect J. R., and Wilhelm J.A., 1999, “Models of threat, error, and CRM in flight
operations.” In Proceedings of the Tenth International Symposium on Aviation Psychology, The Ohio
State University, Columbus, OH. pp. 83-91.

Federal Aviation Administration, Department of Transportation, 2008, Aviation regulations. Part 25.
Standards of airworthiness of aircraft of the transport category, Russia. Available at https://www.law.
cornell.edu/cfr/text/14/part-25.

Lukashin A.M. Methodology for probabilistic estimation of the current level of accidents based on the
results of factorial analysis of aviation events. Scientific Bulletin of Moscow State Technical University,
No. 21, pp 10-15.

Sokolov S. S. Automated management of transport systems St. Petersburg: GUMRE, 2013, p. 325.
Sokolov S. S. Automation of transportation management // Bulletin of the State University of Marine
and River Fleet //. 2013. Vol. 2, pp. 74-78.

Davies, John; Ross, Alastair; Wallace, Brendan (2003). Safety Management: A Qualitative Systems
Approach. CRC Press. p. 45. ISBN 9780415303712.

Bellamy, Linda J. “Exploring the relationship between major hazard, fatal and non-fatal accidents
through outcomes and causes”, 2015., Safety Science 71: pp. 93-103.

Guziy A. G., Lushkin A. M., “Quantitative assessment of indicators of the current level of flight safety
of an aircraft operator”, Problems of flight safety. 2008, No. 10, pp. 3-12.

ECO Airlines Management System Manual. Rev. 23.12.2021, pp. 43-55.

Centrix Technical Overview. Ver. 3.0 2021.

Quality management software Q-pulse, https://www.ideagen.com/products/q-pulse-qms 01.03.2022.
Home page Avex https://avex.pro 01.02.2022.

Open Aviation Strategic Engineering System Oases. https://oases.aero/oases-modules/ 01.03.2022.
AMOS MRO software. https://www.swiss-as.com/amos-mro 01.03.2022.

ISO 9000 un ISO 14000 Standarts. Kvalitates nodro$inasanas sistéma, www.iso.ch. 01.03.2022.
Leilands J. Jauna ISO 9001:2009 standarta prasibu skaidrojums. - Riga: Latvijas Véstnesis, 2009. - 176
lpp.

Commission Regulation (EU) No. 748/2012 of 3 August 2012 — Airworthiness and Environmental
Certification.

Commission Regulation (EU) No. 1321/2014 of 26 November 2014 — Continuing Airworthiness.
Sestakovs V., Vinogradovs L., Vaivods A. O1jeHka ypoBHs 6€30MacHOCTH MONETOB TP 0TKa3ax
aBuanyonHoit rexHukn // 4th Internacional Conference on SAUAV2010, Polija, Suhedinov, 5.-7.
maijs, 2010. 602.-609. Ipp. ISBN: 9788388592706.

ICAO Doc 9734 AN/959 (2017) “Safety Oversight Manual”.

Chris R. Glaeser. How to Employ Risk Management at a Major Air Carrier. 2004, p. 57.

M. Gdalevitch, “Aviation Maintenance Technology,” MSG-3, The Intelligent Maintenance, November
2000, http://www.aviationpros.com/article/10388498/msg-3-the-intelligent-maintenance 01.03.2022.
Matthew J. W. Thomas, Renee M. Petrilli ,and Drew Dawson. An Exploratory Study of Error
Detection Processes During Normal Line Operations. Centre for Applied Behavioural Science,
University of South Australia, 2013.

Alan J. Stolzer, Carl D. Halford, and John J. Goglia, Safety Management Systems in Aviation. 2008.
Adrian J. Xavier (2005) “Managing human factors in aircraft maintenance through a performance
excellence framework”. Embry-Riddle Aeronautical University: pp. 35-37.

Alan J. Stolzer, Carl D. Halford ,and John J. Goglia. Safety Management Systems in Aviation, 2008.
Chapters 4, 5, 6. 15 October 2017. https://www.taylorfrancis.com/books/9781351149631 01.02.2022.
James J., Liou H., Leon Yen, Gwo-Hshiung Tzeng “Building an effective safety management system
for airlines”, Journal of Air Transport Management, Volume 14, Issue 1, 2008. https://www.
sciencedirect.com/science/article/abs/pii/S096969970700097X.



Aleksandrs Bitins was born in 1977 in Daugavpils. In 1999, he obtained
a Bachelor's degree from Riga Aviation University and graduated
from the National Defence Academy. In 2002, he graduated from the
Aviation Institute of Riga Technical University.

From 1999 to 2009, he served in the Latvian Air Force. Since 2011, he
has been working in a number of Latvian and international aviation
companies. Currently heis Head of Quality Managementin maintenance
organization of RAF Avia.



	Acronyms and Definitions
	General Description
	1. Analysis of Safety Approaches at a Company Level
	2. Developing a Model for an Airline Risk Analysis System
	3.	Development of a Methodology for Determining the Composition of Safety Indicators for Departments and Decision Makers 
	4. Development of a Methodology for Determining the Level of Safety
	5. Risk Assessment Methodology and Flight Safety Indicators
	6. Approbation of the Results Obtained in the Doctoral Thesis
	Summary
	Conclusions
	Bibliography

