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Abstract: An anti-aircraft accident method is proposed, implemented in the decision support module, which is the main 
element of the flight safety control system and is a dynamic expert system. On the basis of the proposed method, 
recommendations are formed to the threat countering crew accidents using the information about its psychophysical 
state, the technical state an aircraft, external influencing factors, as well as a forecast of changes in flight conditions. 
The advantage of the proposed method is the ability to identify the immediate threat of an accident, as well as the 
development of management decisions to reduce the impact of the cause of the accident on flight safety. The peculiarity 
of the method of parrying the threat of an aircraft accident is the classification of management decisions depending on 
the flight conditions of the aircraft, which will reduce the computational costs for generating a threat parrying signal. 
Numerical modeling of the work using the assessment of a set of decision support rules made it possible to confirm its 
performance. The results can be used in systems development for safety an aircraft’s flight, the mathematical support 
of decision support systems.  
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Introduction 

In recent years, the active development of aviation 
technology has largely helped to raise the level of flight 
safety of aircraft of various types. One of the methods 
to ensure flight safety is the use of various decision 
support systems as part of the onboard complex of the 
vessel. For example, an intelligent decision support 
system that is element of a complex control system and 
used for intelligent recommendation to aircraft crew 
actions in the form of expert solutions [1].  

The operation of the system is based on obtaining 
and evaluating information about the hardware and 
software condition of the onboard equipment and the 
flight conditions of the aircraft. Another example of 
aircraft flight safety devices are systems that averting 
the threat of an aircraft incident on the runway [2‒3]. 
Such systems transmit information to the aircraft crew 
in the form of sound and light alerts, characterizing the 
excess of the permissible speed and the wrong flight 
route during the landing approach. 

There is also the “Method for supporting an aircraft 
operator in hazardous situations” [4], during the 
implementation of which knowledge baselines are 
formed regarding the flight modes of aircraft and could 

be the threats of aircraft incidents. Later, on the basis of 
the expert system, the serviceability of the airborne 
equipment complex (AEC) of the aircraft, the 
effectiveness of the pilot's actions and the type of 
signaling is defined.  

Based on the results of the operation of the expert 
system, information is generated about the failure of 
the AEC elements, the deterioration of flight conditions, 
the degree of an aviation accident. Based on the 
information received and analyzed, the system issues 
instructions to the pilot to resist an aviation 
catastrophe. In the absence of a positive reaction from 
the pilot parry the threat, the aircraft is controlled by 
an automatic control system. 

Also, the operation of the system includes the 
operator's actions by the ground control point, which, 
with the help of a password, can allow the crew to 
control the aircraft without restrictions from the side of 
the aircraft's automatic flight control system (AFCS). 
With the planned elimination of the danger of an 
aircraft accident is required without limiting the 
actions of the raft, then the operator of the ground 
control post enters the corresponding password, which 
is transmitted to the expert system of the aircraft. In 
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case of operational parrying of the aircraft accident and 
violation aircraft flight operation mode, its control is 
transmitted to the AFCS of the aircraft. 

The disadvantage of such systems is the lack of an 
integrated approach to evaluation of aircraft flight 
safety on the basis of the aggregate influence of external 
and internal influence factors, including considering 
the prognosis of changes in them. The use of emergency 
forecasting devices at an early stage allows the team to 
warn the accident in advance and subsequently fend it 
off. Therefore, a promising option for enhancing 
aircraft flight safety is its flight safety control system. 
The structural diagram of the aircraft safety control 
system is shown in Figure 1. 
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Fig 1. Structural Diagram of the Aircraft Safety Control System 

The main elements of the proposed aircraft flight 
safety control system are information preprocessing 
device, decision support device and data transfer 
device. The preliminary data processing consists in the 
formation of electrical signals characterizing the excess 
current values of aircraft flight safety coefficients based 
on data obtained from the information measuring 
systems of the onboard equipment complex. Later, on 
the basis of information about changes in the flight 
conditions of the aircraft, the decision support device 
forms a conclusion characterizing the degree of danger 
of the flight event and methods for its elimination. 

In the meantime, each group contains a list of input 
variables that measure the values of flight safety factors 
and their effect on flight conditions. A feature of these 
factors is their weak formalization. Therefore, the input 
variables of the flight safety control system are 
transformed into the form of linguistic variables. Each 
linguistic variable is defined on a set of fuzzy values that 
relate to a certain space-time interval. The 
representation of the input data of the decision support 
unit in the form of linguistic variables allows their 
processing by the fuzzy logic device, which is widely 
used in decision support devices and aircraft control 
systems [5‒12]. 

 
Formulation of the problem 

The purpose of this work is to design the method for 
decision support (DS) for the crew, which allows the 
formation of recommendations to the pilot and signals 

to the aircraft control system to counter the accident 
threat, based on the current and predicted flight 
conditions of the aircraft. 

To achieve this goal, it is necessary to carry out the 
following main stages: formalization of the input 
variables of the algorithm, formation of a set of decision 
support rules and modeling of an accident threat 
assessment. 

 
Formalization of Input Variables 

The proposed decision support device belongs to the 
class of dynamic expert systems, a feature of which is 
the formation of instructions for the operator to 
counter an accident, taking into account the change in 
the state of the input variables at a given time interval. 
The structure scheme of the decision support device 
(DSD) is shown in Figure 2 [13]. 
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Fig. 2. Structure Scheme Decision Support Device 

Here 𝑋(𝑡) – array of input data after preprocessing; 
�̃�(𝑡) – the results of predicting the threat of an aviation 
accident; 𝑌(𝑡)  – output values from decision support 
units that describe the instructions given to the pilot to 
avert the risk of an emergency or to parry signals by on-
board automated systems. 

The input of the device receives variables that are 
associated with external and internal influences and 
affect the safe flight environment of the aircraft. Flight 
safety assessment is carried out on the basis of 
information on the technical state of the control object, 
psychophysical characteristics of the crew and flight 
weather conditions. Also, the inputs of the decision 
support unit are the values of the prognosis of changes 
in the controlled variables, the flight conditions of the 
aircraft and the current value of the accident risk. The 
output values of the device are instructions generated 
for the pilot to eliminate the risk of the catastrophic, as 
well as signals to counter it provided by onboard 
automation systems. A formalized representation of 
the input variables of the decision-making unit is 
presented in Table 1. 
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TABLE 1. Input Variables of the Decision – Making Block 

№ Group Variable 
Current Variable 

Designation 
Forecast Variable 

Designation 
Variable Values 

Variable Value 
Notation 

1. 
The Psychophysical 
State of the Pilot 

Fatigue 𝑋11 𝑋11̃ 
Low 

Average 
High 

F1 

F2 

F3 

Attention 𝑋12 𝑋12̃ 

High 

Average 
Low 

Distracted 

K1 

K2 

K3 
K4 

Level of Training 
(Competence) 

𝑋13 𝑋13̃ 
High 

Average 
Low 

F1 

F2 

F3 

Stress 𝑋14 𝑋14̃ 

No 
Low 

Average 
High 

K1 

K2 

K3 
K4 

2. 
Aircraft Technical 
Condition 

Failure of 
Functionally 

Significant Elements 
𝑋21 𝑋21̃ 

Minor 
Emergency 

Catastrophic 

F1 

F2 

F3 

Deformation of 
Structural Members 

𝑋22 𝑋22̃ 

Absent 
Minor 

Significant 
Critical 

K1 

K2 

K3 
K4 

Aircraft 
Controllability and 

Stability 
𝑋23 𝑋23̃ 

High 

Average 
Low 

F1 

F2 

F3 

Error in the 
Software of Aircraft 

Control Systems 
𝑋24 𝑋24̃ 

Absent 
Minor 

Significant 
Critical K4 

K1 

K2 

K3 
K4 

3. 
External Influencing 
Factors 

Headwind 𝑋31 𝑋31̃ 
Week 

Average 
Strong 

F1 

F2 

F3 

Visibility 𝑋32 𝑋32̃ 
Good 
Bad 

K1 

K2 

Side Wind 𝑋33 𝑋33̃ 
Week 

Average 
Strong 

F1 

F2 

F3 

4. 
Pre-Processing 
Results 

Flight Conditions 𝑍 �̃� 

Free 
Hard 

Emergency 
Catastrophic 

K1 

K2 

K3 
K4 

The table shows the following variables:  
a) Current Variables 

𝑋1𝑖  ‒ variables characterizing the psychophysical state 
of the pilot; 𝑋2𝑖  ‒ variables characterizing an aircraft 
technical condition; 𝑋3𝑖  ‒ variables characterizing an 
external influencing factors; Z ‒ variables characterize-
ing the pre-processing results; 

b) Forecast Variables ‒ 𝑋1�̃�; 𝑋2�̃�; 𝑋3�̃�; 𝑍. 

The table shows that each group is characterised by 
a set of input variables, on the basis of whom the state 
of flight protection factor and their affect on the risk of 
an emergency are evaluated. The peculiarity of this 
factors is their weak formalizability, therefore, the 
flight protection parameters of decision-making 
sustenancetors are represented in a linguistic form.  

Together to evaluate the current flight environment 
of the airplane, it is expedient to use the feature of 
forecasting the threat of an aircraft incident, which 
provides for threefold stages: measurement of the 

values of influence factors at a given range of flight, 
receiving their relationships over the prognostic time, 
estimating the critical values of these parameters 
during the prognostication time with the determination 
of the moment of their emergence. As a consequence of 
the proposed approaches to evaluating and forecasting 
the risk of an aircraft accident, it is feasible to 
determine the reason affecting the crash during a given 
time period, as well as to develop guidelines for the 
team to counter an aircraft accident. The 
representation of the input data of the decision support 
unit in the form of linguistic variables allows their 
processing using the fuzzy logic apparatus, which is 
widely used in decision support devices and aircraft 
control systems [14‒20]. 

 
Formation of a Set of Rules for Decision Support 

Table 1 shows that the decision support rule has a 
rather complex structure, the implementation of which 
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can lead to high computational costs. Therefore, it is 
advisable to structure the set of decision support rules 
into groups of aircraft flight conditions. It should be 
noted that the composition of the set of rules depends 
on the control object, its on-board equipment, functions 
performed and is determined in the process of 
developing the aircraft flight safety control system. 
Taking into account the division of the flight conditions 
of the vehicle into classes and applying the precedent 
matrix presented in [18], we obtain the following set of 
decision support rules. 

1) Flight conditions are accident-free 𝑍 = 𝐾1: 

RULE <1>: 

IF 𝑋1𝑗 = {𝐹1, 𝐾1} & 𝑋2𝑗 = {𝐹1, 𝐾1} & 𝑋3𝑗 = 

= {𝐹1, 𝐾1} THEN 𝑌 = {𝐺1}, 

(1) 

here 𝐺1 – threat of aviation accident is absent, parrying 
is not required. 

2) Flight conditions are hard 𝑍 = 𝐾2: 

RULE <2.1>: 

IF 𝑋1𝑗 = {𝐹3, 𝐾3} & 𝑋2𝑗 = {𝐹1, 𝐾1} & 𝑋3𝑗 = 

= {𝐹1, 𝐾2} THEN 𝑌 = {𝐺2}, 

RULE <2.2>: 

IF 𝑋1𝑗 = {𝐹3, 𝐾4} & 𝑋2𝑗 = {𝐹1, 𝐾1} & 𝑋3𝑗 = 

= {𝐹1, 𝐾2} THEN 𝑌 = {𝐺2}, 

RULE <2.3>: 

IF 𝑋1𝑗 = {𝐹2, 𝐾2} & 𝑋2𝑗 = {𝐹1, 𝐾1} & 𝑋3𝑗 = 

= {𝐹1, 𝐾2} THEN 𝑌 = {𝐺2}, 

(2) 

here 𝐺2  – the threat of accident is counteracted by 
means of automation, the object's controllability is 
increased by signals from automatic control systems, 
stability and controllability are improved. 

3) Flight conditions are emergency 𝑍 = 𝐾3: 

RULE <3.1>: 

IF 𝑋1𝑗 = {𝐹1, 𝐾3} & 𝑋2𝑗 = {𝐹3, 𝐾4} & 𝑋3𝑗 = 

= {𝐹2, 𝐾1} THEN 𝑌 = {𝐺3}, 

RULE <3.2>: 

IF 𝑋1𝑗 = {𝐹1, 𝐾1} & 𝑋2𝑗 = {𝐹2, 𝐾4} & 𝑋3𝑗 = 

= {𝐹3, 𝐾1} THEN 𝑌 = {𝐺3}, 

RULE <3.3>: 

IF 𝑋1𝑗 = {𝐹3, 𝐾4} & 𝑋2𝑗 = {𝐹2, 𝐾3} & 𝑋3𝑗 = 

= {𝐹1, 𝐾1} THEN 𝑌 = {𝐺4}, 

RULE <3.4>:  

IF 𝑋1𝑗 = {𝐹2, 𝐾2} & 𝑋2𝑗 = {𝐹1, 𝐾1} & 𝑋3𝑗 = 

= {𝐹3, 𝐾2} THEN 𝑌 = {𝐺4}, 

(3) 

here 𝐺3 – signaling to the crew about failures on board 
the control object, threat of accident with subsequent 
parrying by the pilot on the instruction are transmited 
of the speech translator; 𝐺4  – …, a threat, followed by 

countermeasures by reconfiguring the control system 
of the object and landing on the nearest suitable site. 

4) Flight conditions are catastrophic 𝑍 = 𝐾4: 

RULE <4.1>:  

IF 𝑋1𝑗 = {𝐹2, 𝐾3} & 𝑋2𝑗 = {𝐹3, 𝐾4} & 𝑋3𝑗 = 

= {𝐹2, 𝐾1} THEN 𝑌 = {𝐺5}, 

RULE <4.2>:  

IF 𝑋1𝑗 = {𝐹3, 𝐾4} & 𝑋2𝑗 = {𝐹3, 𝐾4} & 𝑋3𝑗 = 

= {𝐹3, 𝐾4} THEN 𝑌 = {𝐺5}, 

(4) 

here 𝐺5 – signaling to the crew about failures on board 
the control object, the threat of accident with the 
requirement to leave the control object. 

From the presented set of rules it can be realized that 
in presence of failures of aircraft control systems and 
deterioration of weather conditions of the flight, an 
emergency situation may arise, which is parried by the 
pilot. If during the flight there was a deterioration in the 
psychophysical phase of the pilot and weather 
conditions with a good technical condition of the 
control object, then the emergency situation is 
countered by the aircraft safety control system. From 
the presented set of rules, it can be understood that in 
device, is similar to that presented by formulas (1‒4) in 
terms of the flight condition. The formed set of rules for 
countering the risk of the crash is used in the algorithm 
of the crew decision support device, the action of which 
is signaling at generating and issuing instructions to the 
crew to prevent an accident with the identification of 
the source of its threat. 

Using the proposed set of rules and the values of the 
input variables of the aircraft flight safety control 
system, the simulation of the risk of an aviation crash 
was performed out with the issuance of instruction to 
the crew on its parry. Modeling of flight conditions was 
carried out for difficult and trouble-free aircraft flight 
conditions, taking into account failures of onboard 
equipment and changes in flight weather conditions. 
The characteristics of the results of simulation the flight 
conditions of the aircraft are shown in Figure 3‒4. 

In the course of computational simulation of the 
flying environment of the aircraft the following stars 
were received: 

‒ with linguistic variables being one, the significance 
of flight conditions is 1.0, which equates to an accident-
free flying mode, hence there is no danger of an 
emergency, and countering the danger is not needed 
when the significance is equal in (Figure 3); 

‒ with linguistic input variables corresponding to 
difficult flight conditions (a low level of aircraft 
controllability and an increase in crew fatigue from a 
monotonous load), an improvement in flight conditions 
by means of automation is required, which corresponds 
to (Figure 4). 
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Fig. 3. Characteristics of the Results of Numerical Simulation of Aircraft Flight Conditions for an Accident-Free Situation 
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Fig. 4. Characteristics of the Results of Numerical Simulation of Aircraft Flight Conditions for a Complex Flight Condition 

  

a) b) 

Fig. 5. Characteristics of the Test Results of the Decision Support System: a) under Non-Emergency Flight 
Conditions of the Aircraft; b) under Difficult Aircraft Flight Conditions 
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Based on the test methodology of the aircraft flight 
safety control system [21] and numerical simulation of 
flight conditions, the simulation of the formation of 
recommendations for countering the risk of the crash 
was carried out, the results of which are shown in Figure 
5. From the information presented in Figure 5b, it 
follows that the decision support device is able to form 
instruction for the pilot on the actions of the risk of an 
accident through the means of on-board indication and 
signaling of the aircraft. 

Based on the results of numerical simulation, it is 
feasible to define the conformity of a collection of rules 
of a decision support device to the index of completeness 
(IC) and absence of inconsistency (AI). So, when IC = 1, it 
corresponds to taking into account all possible states of 
input variables and changes in flight conditions. In turn, 
the validity of AI ≤ 0,4 characterizes the absence of 
inconsistency between the output variables of the set of 
decision support rules for the same values of the input 
variables. 

Thus, the proposed method makes it feasible to 
formulate advice to the crew and management 
signaling to parry the risk of an accident, taking into 
consideration the foretold changes in extrinsic and 
internal factors influencing the flight condition of the 
airship. 

 
Conclusion 

In the course of the work, a method of fending off the 
danger of an aircraft accident was designed, consisting 
in the creation of command instructions for the crew 
and signals of on-board automation equipment to coun-
ter the danger of an aircraft accident using data on the 
current and predicted flying conditions of the aircraft. 

At the same moment, the input variables of the decision 
support unit were analyzed, a set of rules for the 
knowledge base was formed, on that basis simulations 
be conducted to evaluate and counter the risk of an avi-
ation accident. When compiling a set of rules, they were 
assessed for completeness and the absence of incon-
sistency, the indicators of which characterize the 
formed set of rules for the possibility of being applied 
as part of the aviation system. The decision support 
method in the event of an aviation accident threat 
makes it possible to determine the actions of the crew 
in the process of piloting the vessel, depending on the 
air situation and the values of the variables affecting the 
flight safety. Based on the method of decision-making 
support of the crew, an algorithm for parrying the 
threat of an accident is proposed, the action of which is 
aimed at generating a signal that initializes instructions 
to the crew on countering the accident. A distinctive 
feature of the algorithm is the formation of an aircraft 
control signal in automatic mode in the absence of a 
positive response from the pilot to counter the threat of 
an accident. In addition, when developing the algo-
rithm, a classification of the set of rules was proposed 
depending on the flight conditions of the aircraft, which 
allows reducing the computational costs for generating 
a signal to parry the threat of an accident. Further work 
on the creation of aircraft flight safety control systems 
is aimed at its software and hardware implementation, 
followed by ground testing and testing as part of flying 
laboratories. At the same time, ground tests of the sys-
tem presuppose its testing at the semi-natural simula-
tion stand with simulated aircraft flight and changing 
the values of flight safety variables, which will ensure 
verification of its software. 
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Аннотация: Предлагается метод парирования угрозы авиационного происшествия, реализованный в мо-
дуле поддержки принятия решений, который является основным элементом системы управления безопас-
ности полета летательного аппарата и представляет динамическую экспертную систему. На основе 
предложенного метода формируются рекомендации экипажу по парированию угрозы авиационного проис-
шествия на основе информации о его психофизическом состоянии, техническом состоянии объекта управ-
ления, внешних воздействующих факторов, а также прогноза изменения условий полета.  Преимущество 
предложенного метода является возможность идентификации непосредственной угрозы авиационного про-
исшествия, а также выработка управленческих решений по уменьшению влияния причины происшествия на 
безопасность полета. Особенность метода парирования угрозы авиационного происшествия заключается в 
классификации управленческих решений в зависимости от условий полета воздушного судна, что позволит 
снизить вычислительные затраты на формирование сигнала парирования угрозы. Численное моделирова-
ние работы с использованием оценки набора правил поддержки принятия решений позволило подтвердить 
его работоспособность. Полученные результаты могут быть использоваться при разработке систем 
управления безопасностью полета летательных аппаратов, а именно математического обеспечения си-
стем поддержки принятия решений. 
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