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The article focuses on optimizing the transmission and 
processing of information within airport information systems. To 
solve this problem, it is necessary to know the absolute 
information flow and the method of signaling emergency 
conditions, which complement the overall reliability of the 
systems and also have an economic impact on their operation. 
Using logit models and prognostic simulations, the hierarchy of 
weights of various types of airport information that affect the 
safety, smoothness, and operational readiness of the airport is 
analyzed. The research focuses on identifying critical paths in 
information flows, their delays, and the probabilities of failure of 
individual airport systems. Another important element is the 
observation of other factors in the area of technology 
optimization and the implementation of backup solutions, which 
are key to increasing reliability and minimizing the risk of 
operational failures. The presented model provides a framework 
for decision-making in the optimization of airport information 
systems from both a technical and economic point of view, 
which can significantly contribute to increasing the performance 
and safety of the entire aviation infrastructure. 
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1   INTRODUCTION  

An important aspect of solving and optimizing airport processes 
is their transition through optimization phases, which are the 
final residue of the use of artificial intelligence elements. If we 
get through all the modernization transitions, we can observe 
the airport itself in the process logic of electronic-technical 
elements. These elements are most often supplemented and 
replaced to speed up control information processes [Tutak 
2024]. For these reasons, precise airport management is already 
an important node of logical operations that must be taken into 
account through information flows that are within the tolerance 
of their own limiters and limits (Fig. 1) for a smooth transition 

from unstable to stable information regimes Kurdel 2018. 
The airport ergatic system (AES) expresses the position of a 
person H of his technical activity M in the airport environment E, 
which is surrounded by the entire electronic-technical part to 
maintain it in a state supported by airport documentation. The 

input of the operability of aviation information systems into the 
technically controlled environment as a quantity X(t) which is 
processed by the stabilization circuits LW and LM (see Fig. 1). 

 
Figure 1. Global technical non-linear system for airport stability 

Errors (errors 𝜉 ) are deviations from the technical state and 
controlled documentation that technology cannot exceed with 
its progress: 

𝐺 = 𝑚 . 𝑔̅  ± 𝛿𝑔  (1) 

 𝑔 - the average value of the global airport space (e.g., the 
average statistical value from the observed airport data) , it is 
not a fixed value, but varies within a statistical interval 
𝑔 ∈ [0,1]. 
𝛿𝑔 - deviation (tolerance) of the influence of airport space on the 

airport information system (e.g., standard deviation or specified 
uncertainty interval); 
G - the resulting effect of the airport information system (e.g., 
performance, stability); 
m - Airport as a factor (capacity, size, type of infrastructure). 
The stability 𝑔 acting on the system is in the range of statistical 
values 0 - 1. The addition of the deviation 𝛿𝑔to the system affects 

the information value 𝐼 the most. 𝜆 − (values determined by the 
IS manufacturer) has an impact on the information value 𝐼. This 
allows us to introduce a correction term CF based on LW and LM 
where δ is the deviation (minimum limit) and λ is the 
manufacturer-defined maximum limit of the information value: 

Δ𝐼(𝑔) = 𝐼0 + ( 𝜆 −  𝛿 )𝑔 + 𝐼𝐶𝐹,  𝐼0 ∈  [𝛿, 𝜆]  (2) 

Where: 
𝐼0 - original informational value; 
∆𝐼(𝑔) - increase in the influence of on information depending on 
the stability of space 𝑔, 
The second condition for the informational stability of the AES 
system is constant dispersion. The stability of the AES system is 
directly dependent on the quality of the information flow, with 
its accuracy, speed, and reliability determining the system's 
ability to maintain balance and function effectively. Constant 
dispersion in the context of an airport refers to a situation where 
the variability (dispersion) of a certain variable, such as arrival or 

departure times, is constant over time Guo 2020 . This can have 
significant implications for airport operations planning and 
management. In this form, it is then difficult to preserve the 
correction term that has an impact on the ergatics of the entire 
AES system. 

∆𝑇𝐶𝐹(𝑔) =  − 𝛼 ∇𝐼(𝑔)  (3) 

∆𝑇𝐶𝐹(𝑔) - correction term influenced by the AES system and the 
stability of space 𝑔, 
𝛼 - intervention effectiveness coefficient (calibrated parameter 
according to the rate of information flow from AES). 
∇𝐼(𝑔) - gradient (change) of information value depending on the 
stability of space 𝑔 in which the airport object is located. 
Therefore, if we ultimately want to achieve If we want to ensure 
constant dispersion 𝜎, it is necessary to: 
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𝑉𝑎𝑟(𝑇𝑖) =  𝜎2 = 𝑘𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑎 𝑉𝑖 (4) 

The time dispersion between arrivals (or between arrival and 
departure) is constant, which means: 

 interventions must not introduce additional time 
variability into the system 𝑇𝑖 , 

 information system is mainly used to reduce or 
stabilize logical deviations at airports 𝑉𝑖 . 

We talk about time constant because each airport has its own 

time for AES Lazar 2018.   
This perception of airports with internal processes for receiving 
aircraft must correspond to the importance and needs of airlines 
operating aircraft to minimize downtime at airports and check-
in processes. Airport management systems apply management 
phases in which the entire process of information flow 
processing in airport processes results in a steady-state response 

Kovacikova 2023. Currently, with the advent of machine 
learning and Markov decision processes, the transition to fully 
automated processes with an observing human factor is 

unsustainable Liu 2023, Panda 2014 & 2021, Pandova 2020, 
Panda 2020 & 2022, Harnicarova 2019, Sukhodub 2019, 

Nahornyi 2022. 

2 OPTIMIZATION OF WEIGHT INFORMATION WHEN 
CHANGING AN AIRCRAFT DEPARTURE 

Through effective airport optimization (smart technology), 
airports can balance available resources and reduce aircraft 
delays. This can only be achieved through effective information 
optimization. Using algorithms that respond to real-time 
variables such as flight schedules, gate availability, and even 
weather changes, we can dynamically adjust flight operations to 
meet the changing demands of a given airport. Simulation 
models play an important role in testing these optimization 

strategies under different conditions Cavada 2017. For 
example, an airport can simulate different weather scenarios to 
see how delays affect passenger flow and overall operational 
efficiency. Similarly, by changing the order of flights and testing 

different boarding approaches Kovacikova 2024 . 
Network optimization specifically focuses on determining the 
best possible routes and flight schedules for airlines in order to 
minimize travel time and fuel operating costs while ensuring 

passenger satisfaction and safety. With advanced data analytics 
and AI techniques, airports can better predict demand patterns 
and allocate resources more efficiently. The use of simulation 
theory, airport models, and network optimization techniques 
creates a powerful framework for increasing airport operational 
efficiency. Transportation authority’s responsible for overseeing 
aviation safety can significantly improve wait times and optimize 
resource utilization by applying these methodologies 

Andronie 2018, Remencova 2021. 
This comprehensive approach benefits not only the immediate 
airport environment but also contributes to the broader 
sustainability and resilience of the airport in the face of growing 

travel demands Shone 2021 . 
The design of the mathematical model assumes that the 
information flow monitoring system 𝑈𝑝(𝑠) - shows no delay. Let 
Up represent the control input for any receiver or transmitter 
(P/O) of processed information from airport systems. The output 
from the airport facility and display and information portals is 
the signal 𝑋𝑑. The reason for this is that the P/O function is 
characterized by a time delay 𝐾0, whose magnitude is 𝑠. During 
the time delay, the 𝑃/𝑂 function opens the output from the 
Xd(s) system, which is described according to the block diagram 
in Fig. 2. 

 
Figure 2.  Scheme for receiving and sending information from/to airport 

systems 

𝐾0, 𝐾𝑈, 𝐾𝐶, 𝐾0, 𝐾𝐷: are the parameters of the airport system, probably 
the constants of feedback, amplification, or dynamics 

The denominator indicates that this is a second-order system, 
which means that the system has two poles and may exhibit 
variable behavior. The numerator 𝐾0 = (1 − 𝐾𝑈) determines 
the amplification of the system. The input 𝑈𝑝(𝑠) is airport 
information that performs an information operation in the form: 

𝑋𝑑

𝑈𝑝

(𝑠) (5) 

 
Figure 3. Model 3D illustration of Kosice Airport with ongoing information flows. 
1. Passenger movement to the terminal, 2. Passenger movement (after security check) to the aircraft, 3. Technical staff workplace for aircraft, 4. 
Control workplace for operational management of the terminal and aircraft on the apron, 5. Communication between ATC and aircraft on the apron, 
6. Aircraft communication for airport approach (CTR), 7. Airport supply management logistics, 8. Communication flow with airport operations and 
sections, 9. Feedback from the airport's operations and technical department. 10. Airport information systems 
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Transfer function that forms the overall data information logic 
⋁𝑖 see formula (4):  

𝐺(𝑠) =
𝑋𝑑(𝑠)

𝑈𝑝(𝑠)
=

𝐾0(1−𝐾𝑈)

𝑠2+𝐾0𝐾𝑐𝑠+𝐾0𝐾𝑑
  (6) 

In formula (6), 𝐾𝑑  is a time constant that is given for information 
flow processing and is assigned for signal processing by standard 
airport information means. Based on the information 
transmitted from any airport information device, it is necessary 
to find the optimization and its weight for further evaluation of 
its importance. It is necessary to improve the efficiency and 
accuracy of information transmission from airport information 
devices by optimizing the transmission of information from 

airport information devices Liu 2021, Tikhonov 2022. 
Currently, airports (Fig. 3) are exposed to large amounts of data 
originating from various AES systems, such as reservation 
systems, air traffic control systems, security checks, and others. 
Each of these devices generates information that has its own 
weight and significance, with each of them having its own weight 

and significance Jakubisinova 2025. 
To process this information effectively, it is necessary to analyze 
the relevance and importance of each transfer of information 
based on its importance, status, and nature. To this end, an 
analysis of the relevance and importance of each airport 
information transfer must be carried out. This includes 
classifying information to identify critical data that affects safety 
and smooth operations. To ensure that the most important 
details are processed in a timely and accurate manner, we can 
create a hierarchy of priority information. It is important to 
consider the technologies used to transmit this information 

Kierzkowski 2021. 
The latest technologies such as cloud computing and artificial 
intelligence can significantly contribute to the optimization of 
data transfer and analysis. The implementation of such 
technologies will simplify management and increase the 
airport's readiness to respond to any events in real time, thereby 
improving overall service quality and safety. The database is 
geared towards processes that can lay the foundations for the 
logistical and technical transfer of information for the successful 
management of passengers and technical handling of aircraft at 
Kosice Airport. Such a process consists of several structural 
hierarchies that can later be used to model various process 

models for airports Henke 2022.  

3   RESULTS  

Logit models and prognostic simulations are used to analyze the 
hierarchy of weights of various types of airport information that 
affect airport safety, smoothness, and operational readiness. 
The logit model allows the probability of a certain phenomenon 
occurring to be estimated as a function of a vector of predicted 
variables, thus providing a basis for determining the significance 
of individual information factors. This linear combination is then 
transformed using a logistic function (7), ensuring that the 
estimated probabilities are bounded within the interval [0,1]. 

𝑓(𝑃) =
1

1 + 𝑒−𝑥  (7) 

The model thus allows for precise quantification of the impact of 
individual factors on the probability of the monitored outcome, 
thereby providing a robust basis for decision support. 
In the context of assessing the operational reliability of airport 
information systems, the application of logit models is 
particularly relevant. Let us assume a situation in which the 
central information system of an airport fails. Such an event has 
the potential to significantly increase check-in times, increase 
passenger stress, and secondarily affect flight schedules. 

In such cases, it is highly likely that the airport will have to apply 
emergency operating modes, which may reduce the risk of 
complete paralysis of operations, but usually at the cost of 
reduced efficiency and flexibility of the system. 
To objectively quantify these impacts, data analysis or a 
simulation approach based on specific operational data from a 
selected airport hub is required. In this case, Kosice Airport 
provides an example environment that offers a suitable 
framework for verifying model assumptions and parameters. 
Most modern airports implement system redundancy and 
contingency scenarios as preventive measures to minimize the 
impact of system failures. The logit approach allows the 
effectiveness of these measures to be tested through 
probabilistic modeling of the impacts on operations. 

Table 1. Values of empirical coefficients for 𝑓(𝐶, 𝑃) 

 Type of 
information 
 

a- 
information 
failure rate 
(value 
𝑊0) 

(𝑃0) 
(probabilit
y load of an 
employee 
mna unit 
element) 

Data 
collection 
period year 
2023-2024 

a11 -0.00136 -0.00136 -0.00136 -0.00136 

a12 -0.0001293 -0.0001693 -0.0003706 -0.0006987 

a13 0.0000745 0.00003347 0.0000675 0.0001416 

a14 -0.0000076 -0.0000038 -0.000006 -0.0000098 

a15 2.1867e-7 1.3333e-7 1.8133e-7 2.24e-7 

a16 0.0000747 0.00007467 0.0000747 0.0000747 

a17 0.0000089 0.00000836 0.0000178 0.0000356 

a18 0 0 0 0 

a19 4.5511e-7 1.7778e-7 2.7022e-7 4.9778e-7 

a20 -1.28e-8 -6.4e-9 -8.5333e-9 -1.1378e-8 

Logit probability is defined as: 

𝑃 =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑎𝑣𝑜𝑟𝑎𝑏𝑙𝑒 𝑐𝑎𝑠𝑒𝑠

 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑙𝑙 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒 𝑐𝑎𝑠𝑒𝑠
  =   

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑛−𝑡𝑖𝑚𝑒 𝑑𝑒𝑝𝑎𝑟𝑡𝑢𝑟𝑒𝑠

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑝𝑎𝑟𝑡𝑢𝑟𝑒
 = 

𝑤𝑜𝑟𝑘𝑖𝑛𝑔 ℎ𝑜𝑢𝑟𝑠

𝑛𝑢𝑚𝑏𝑒𝑟𝑠 𝑜𝑓 𝑢𝑛𝑖𝑡𝑠
 ( P0) 

(8) 

W0=0:0.1; a=0.23; Po=0.12; 

P01 =
1

1 + (
a

W0
) . (1 − WOP0). ln(1 − WOP0)

 (9) 

Writing in MATLAB logic: 
t1=[W0; Po1]; 
W0=0:0.1:1;a=0.08;Po=0.22; 
Po2 = (3.8) 
W0=0:0.1:1;a=0.33;Po=0.9; 
Po3 = (3.8) 
W0=0:0.1:1;a=0.04;Po=0.01; 
Po4 = (3.8) 
W0=0:0.1:1;a=0.03;Po=0.45; 
Po5 = (3.8) 

 
Figure 4. Dependence of indicators by type of information 

W0=[0.23 0.08 10 0.33 0.04 0.03 0.14 0.12 6.83 0.05 
0.45];Po=[0.450 0.990 0.995 0.532 0.444 0.025 0.143 0.580 
0.078 0.600 0.600] 
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Figure 5. Forecast of optimal values 𝑃0 

The heuristic results of models Fig. 4 and 5 focus on optimizing 
the transmission and processing of information flows at Kosice 
Airport based on data collection, with an emphasis on the 
effective use of technological innovations introduced between 
2020 and 2024.  
The airport processes a large amount of data daily from 
reservation systems, air traffic control, and security checks. 
Effective analysis and filtering of this data is key to smooth and 
safe operations. Table 1 shows relevant information from airport 
facilities. The dependency of indicators by recipient type 
(passenger or LIS operator) determines their weight and priority 
hierarchy, ensuring timely and accurate delivery of critical data. 
Figure 5 shows the direct correlation between the optimization 
of information transfer and its accuracy within the monitored 
systems. 
The quality and efficiency of the information flow to and from 
the AIS is evaluated using a prognostic model that graphically 
analyzes the process. Its onset from a minimum value (non-zero 
value) is evaluated up to a probability of 0.995. From this course 
and within the processing of individual periods, we arrive at a 
recessionary state in the area of 0.555, which indicates the exact 
weight and their submission within the LIS. For one task, which 
is a security system failure, the shutdown is radical, affecting 
other components of airport operations (police, control, service, 
etc.), returning to a value of 0.555. In this way, it is possible to 
use an accurate model to optimize individual sectors and LIS 
components at the airport that operate within the framework of 
the precise preparation of the aircraft for the next flight (new 
destination). 
If the airport decides to continue with the modernization of LIS 
technologies, predictive models can significantly contribute to 
the optimization of Kosice Airport, thereby strengthening its 
preparedness and flexibility in handling various situations in real 
time. This will improve the overall quality of services and safety. 
The designated information flow databases (Table 1) serve as the 
basis for the logistical and technical transfer of information, 
which is an integral part of successful passenger management 
and technical aircraft handling, as demonstrated by the example 
of Kosice Airport. 
As part of the functionality assessment, Logit models require 
data to be categorized and converted into the logic of models, 
whether simulation or mathematical, so that in conjunction they 
show sufficient reserve even for errors, i.e., self-error with self-
correction.  
Furthermore, it is necessary to ensure the effectiveness of these 
systems because information system failures can significantly 
disrupt airport operations, prolong check-in times, and cause 
flight delays, thereby increasing passenger stress. Therefore, 
airports tend to have backup systems and contingency plans in 
place to minimize the impact of such failures. Data analysis or 
simulations at specific airports help to more accurately identify 
and address potential weaknesses, which is key to minimizing 
operational risks. 

4   CONCLUSIONS 

This method allows the proposer or airport operator to create a 
precise solution when transitioning to new AI-supported 
information technologies. The limiting factor is their reliability 
(Optimization Theorem) and the effectiveness of electronic 
systems in the process of heavy air traffic. The presented 
method is not supported by legislation and is not currently 
covered by regulations, as AI is part of today's legal analyses to 
support overall air traffic management. For this reason, safety 
remains the only criterion for its application. Based on the 
analysis and modeling of airport information systems (CLIS), 
their reliability is key to the effective management and 
optimization of airport operations. 
The maximum achievable probability of fault-free operation of 
the information system at Kosice Airport (AIS) was calculated 
based on the probabilities of failure of individual components 
and their interconnected functions. The results showed that 
modernization and investment in new information technologies 
are necessary to achieve the required level of reliability. The 
assessment and subsequent comparison of the required and 
existing failure probabilities showed a significant difference of 
2.10−3, indicating a considerable need for improvement in the 
area of reliability. 
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