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Abstract: This article reviews methods that apply in data and information analysis 

on flight safety and also was made a review of the features and examples of system 

resources of proactive management of flight safety. It proposes a general 

methodology for IT support of proactive flight safety management in the form of an 

algorithm, whose individual elements been described. Was presented an example of 

the application of the algorithm, selected methods and tools for data analysis and 

identification of corrective and/or preventive actions, as part of flight safety 

management and the monitoring of their effectiveness and efficiency through 

continuous analysis and assessment of data and information from the system, as an 

element of flight safety management. This article presents a methodological 

approach to the analysis and assessment of the risks to flight safety with regard to 

proactive processes 
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Streszczenie: W artykule dokonano przeglądu metod mających zastosowanie  

w analizie danych i informacji o bezpieczeństwie lotów oraz przeglądu cech  

i przykładów zasobów systemu proaktywnego zarządzania bezpieczeństwem lotów. 

Zaproponowano ogólną metodologię informatycznego wspomagania proaktywnego 

zarządzania bezpieczeństwem lotów w postaci algorytmu, którego poszczególne 

elementy opisano. Przedstawiono przykład zastosowania algorytmu, wybranych 

metod i narzędzi do analizy danych i identyfikacji czynności korygujących i/lub 

zapobiegawczych, jako elementu zarządzania bezpieczeństwem lotów oraz 

monitorowanie ich skuteczności i efektywności poprzez ciągłą analizę i ocenę 

danych i informacji z systemu, jako elementu  zarządzania bezpieczeństwem lotów.  
 

Słowa kluczowe: bezpieczeństwo lotów, zarządzanie bezpieczeństwem lotów, 

procesy proaktywne  
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1. Introduction 

The problem of ensuring flight safety (FS) formed simultaneously with the 

appearance of the first aircraft and is the concern of appropriate structures in both 

the civil aviation and military. In aviation, there are three systems traditionally 

focused on ensuring the flights safety. 

The first is – a hierarchical system structures responsible for ensuring flight safety. 

In fact, he fulfills the functions of inspection, supervision over implementation of 

legislation concerning the safety and conduct of flights. 

The second – a system ensuring flight safety by the operator: the Aviation 

Companies, airlines, military aircraft users, etc. In fact, its functions reduced to the 

development and implementation of prevention measures aimed at prevention of 

air accidents. Its business is based on statistics dangerous events. 

The third – a system of scientific-methodological and methodical secure flight 

safety. 

Methodological approaches implemented at ensuring the safety of civil aviation 

and the military depend on the achieved level of safety. Namely, the achieved level 

of flight safety defines the necessary level of scientific substantiation of decisions 

and actions. 

In the first stage of the implementation of projects to ensure FS, simple actions not 

requiring high costs and a scientific justification to fill them gives a clear profit. 

In the next stage the efficiency of investment made to ensure FS is much less. 

Profit is insignificant, ie. the safety of flights is changing slightly. The third stage is 

characteristic of advanced systems with a high level of safety. Namely, in this stage 

incurring expenditures in safety requires serious scientific justification. 

For companies operating aviation activity a useful tool to achieve and maintain an 

acceptable level of safety of services is Safety Management System SMS. SMS 

ensures that all the processes are covered by security policy and thus appropriate 

monitoring and constant care of this so that their implementation did not go beyond 

certain safety standards. 

This article presents a methodological approach to the analysis and assessment of 

the risks to flight safety with regard to proactive processes.  

2. The essence of proactive management of flight safety  

Used so far reactive methods (and strategies) to ensure the aircraft operations 

safety are focused on certification as a universal (and legally required) practice of 

assessing the degree of fulfilling the requirements and maintaining sustained ability 

to operate with safety requirements.  

Is also used the traditional method of prevention in the field of dangerous events, at 

the base of which lay explanation of the reasons "diagnosis" after the fact: the place 

of accident was leaving a special commission, which established possible causes of 

air events; in the conclusions of its work included recommendations, and accepted 

normative documents, which introduced rules in order to prevent similar events in 

the future.  
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The increase in requirements to ensure flight safety forces fundamentally new 

approach aimed to reveal the factors preceding the event flight, the development of 

preventive measures leading to minimization of the number of dangerous events 

through the ongoing collection and analysis of data from the systems informing 

about FS threats.  
 

 

Fig. 1  Diagram of flight safety analysis including proactive methods 
 

The objective of the new approach is such that by analyzing collected data and 

information show events preceding the dangerous air events and take preventive 

ventures even before the occurrence of an emergency situation [1], [2], [3], [4], [5], [6]. 

Ensuring the transition from a diagnostic to a predictive analysis methods of air 

events can be achieved by using the appropriate program, methods, techniques and 

tools of analysis and development of data about the risks of flight safety (Fig. 1). 

Under this program is gathered data and information: 

 on air incidents / aviation events; 

 from passiveboard system informing of dangerous events (objective system of 

air traffic control); 

 from a voluntary informing system about all arising flight safety risks; 

 from trainings systems on flight simulators; 

 from audits and inspections of FS. 

The basis for proactive security management is a continuous and systematic 

formula for taking action in the following areas: 

 hazard identification, 

 risk analysis 

 taking adequate to obtained results of corrective and/or preventative actions. 
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3. Overview of methods, techniques and tools used in the analysis of 

information about flight safety 

Proactive and safety management systemic should be based on a process approach, 

comprehensive and interdisciplinary. Model solutions for SMS (Safety 

Management System) are consistent with the requirements specified for the quality 

management system QMS (Quality Management System) in International Standard 

ISO 9001: 2000. Both SMS and QMS are based on cyclical and repetitive scheme 

of conduct, as defined in relation to the QMS principle of the Deming wheel 

(PDCA: Plan → Do → Check → Act). Implementation and maintaining  

a management system requires providing resources of management system, which 

include: 

 management principles (general formulation of policy, objectives and 

approaches to ensure safety) 

 management methods and techniques (the systematic, repeatable and science-

based methods of tasks implementation) 

 management tools (for data collection and analysis). 

Overview of characteristics and examples of resources of management system are 

shown in Table 1. 

 

Table 1. Resources of Management System 
Resources Features Examples 

Principles 

1. Long impact – define strategy. 
2. Go beyond the frame of the entity. 
3. Do not give operational 

guidelines. 
4. The results of use are difficult to 

current assess. 

- PDCA proinciple of Deming’s weel, 

- Kaizen’s proinciple - „continuous 

process improvement”, 

- Crosby’s proinciple „zero defects”. 

Methods 

and 

techniques 

1. Medium impact. 

2. Allow to shape the design 

quality and quality of 

workmanship. 

3. Are based on generally 

accepted algorithms of 

proceedings 

- FMEA 
- Statistical analysis 
- Trend analysis 
- Comparing normative 
- Simulation and testing 
- Method of experts 
- Method for quantitative measurement of risk 
- A system of voluntary informing 
- Flights reliability and safety model 

(FRaSM) 
- System of information on dangerous 

events in flight 
- System of trainings on flight simulators  
- Others. 

Tools 

1. Short-term impact – 
operational. 

2. Results of application visible 
"almost" immediately, but 
effective. 

3. The use requires a 
combination of methods 

- Block diagram, 
- Ishikawa diagram, 
- Pareto-Lorenz diagram, 
- Histogram 
- Control sheets. 
- Control card 
- Correlation graphs, 
- Trend charts, 
- Forecast charts. 
- Others. 
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4. Algorithm for IT support in proactive management of flight safety 

IT security algorithm in the safety management system of flights of military 

aircraft taking into account the proactive methods is shown in Fig. 2 

 

 

Fig. 2  IT security algorithm in flight safety management system  

taking into account the proactive processes 

 

Discription of the algorithm  

Gathering data and information of flight safety 

The information system should be characterized by fullness, reliability and 

uniformity of collected information.  The information system should be 

characterized by fullness, reliability and uniformity of collected information. At the 

completeness of the information, we understand the existence of all messages 

necessary for assessing and analyzing the safety of aircraft flights at various levels 

of the hierarchical structure and the and the solution of tasks related to 

improvement of the system to ensure the flights safety. Information about flight 

safety may be used in solving the problems of flight safety only with strict 

reliability of all the output data, i.e. with enough proper process mapping of the use 

of aircraft. 

Uniformity of information assumes the division of a message by causes and 

conditions. For example, statistical data to identify indicators of aircraft accidents 

occurred due to technical reasons, are presented separately. 
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Since the information should be used to operational control of aircraft operations 

safety, they will not fulfill their purpose if their delivery will not be timely 

(current). 

The choice of methods and tools for data and information analysis 

Summary of methods, techniques and tools for information analysis and 

management of flight safety are shown in Table 1.      

The choice of method depends on how complex is the analyzed system, on the 

specifics of his work, and at what stage it is (design, implementation, normal 

operation). At the design stage is used the selection of methods that apply in 

proactively management of the safety of flights that allow you to specify corrective 

and/or preventive actions taken on the basis of risk analysis threats, and other 

information about the risks of flight safety of the current aviation activities in order 

to prevent occurrence of incident or an aviation accident. 

Classification and evaluation of data and information 

Classification of data and information determines the choice of method to analyze 

and assess the flights safety, the result of which should be to identify problems to 

be solved, for example. Analyzing the characteristics of flight safety indicators for 

the chosen period, we can determine their trends and obtain further information 

supporting the management of flight safety. 

Developing a strategy and appointment of contractors 

Having identified problems to solve occurring in the system to ensure the safety of 

flights are developed strategies to implement corrective and/or preventive actions 

and appointment of suitable contractors.  

Implementation of the strategy 

The next step in the implementation of the algorithm is to determine the contractors 

and implementing projects to the aviation system. 

The strategy for implementing corrective actions and / or preventative is made on 

the basis of an appropriate program or procedure, depending on the complexity of 

the problem. An essential element of the strategy implementation to flight safety 

assurance system is to track its effectiveness and efficiency by analyzing the flights 

safety in subsequent time periods.   

Monitoring the level of flight safety, the effectiveness of implemented 

corrective and/or preventive actions and system efficiency 

Control, as the primary task of ensuring flight safety is realized by monitoring and 

determining the level of FS. This process verifies the FS with respect to FS policy 

and approved assumptions. 

Monitoring the efficiency and effectiveness of implemented corrective and/or 

preventative actions is carried out through analysis and evaluation of new data and 

information from the system and then forecasting the value of flight safety 

indicators and comparing their values with the actual and normative flight safety 

values. 
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Monitoring a variety of data and indicators allows you to track what is the status of 

FS and its history and deepen the knowledge of what is the actual level of FS in 

aviation organization as well as to signal changes in the system. 

Results of the analysis of historical and current data should enable radical 

improvement of the level of FS and evaluate the efficiency and effectiveness the 

changes made.  

 

An example of the application of the algorithm, selected methods and tools for IT 

support with proactive management of flight safety 

At this stage of functioning of information systems in the Air Force, the 

information stored in the database allows carrying out the analysis in the 

identification of problems to solve and flight safety management support using the 

methods described above. To illustrate was adopted data for the calculation of one 

of the indicators of flight safety and was selected statistical methods (method of 

exponential alignment) to its forecasting. Figure 3 shows the trend, and forecast of 

the selected indicator. For in-depth analysis FMECA method is chosen, the results 

of which are illustrated in Fig. 4. 

 

 

Fig. 3  Trend and forecast of flight safety indicator 
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Fig. 4  Graph of criticality damaging to the aircraft system devices where: 

1,2,3…9 – aggregates ordered by the criticality value from largest to smallest;  

Cr – criticality indicator 

 

An analysis of the graph (Figure 3) shows that the trend of the safety indicator is 

unfavorable, in the next year, a forecast of flight safety indicator reaches 0.262. 

Lowering the value of the above indicator and its negative trend requires 

conducting in-depth analysis using appropriate methods and tools described above 

(eg. FMECA methods - Figure 4), which make it possible to analyze the results, 

identify corrective and/or preventive actions and development of strategies 

(schedule) of their deployment on flight safety. 

5. Conclusions  

Identified FS problems of and then implemented corrective and/or preventive 

actions will have a proactive character, if it will be taken based on analysis of risks 

and threats, in order to prevent occurrence of incident or air accident. 

In the Polish Air Forces was implemented risk management system, in the near 

term will be implemented system of voluntary informing about the risks of flight 

safety as essential elements of proactive management of FS, which also provides 

IT support.  

The proposed approach to supporting information in proactively management of FS 

important role is attributed to an analytical module, which should provide the 

processing of large amounts of data and information in accordance with adopted 

for analysis methods and tools and would improve the ability (capability) of the 

system in this regard. 

Work on the improvement of information support system in the management of FS 

should be focused on proactive assessment of daily tasks and flight operations, 

background, equipment, documentation and procedures with the help of hazard 

analysis of flight safety.   
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