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Abstract 

The check-in system is the key element of airport operation. A vast majority of passengers must have the 

possibility of checking in the registered baggage and receiving a boarding card. The article presents a model 

of the functioning of the check-in desk system at an airport. This model is based on the model of the 

passenger service process at the check-in desk and an algorithm for the management of the schedule of the 

check-in desk operation. Input data for the model include: the check-in structure (distribution of the check-in 

system, characteristics of check-in desks), check-in procedures (common, dedicated, mixed), the flight 

schedule, on the basis of which the stream of passenger reports for the check-in is determined. The 

developed model allows the determination of the average passenger wait time for the check-in, depending 

on the check-in desk management strategy. The developed model was implemented into the Flexsim 

Software. The model was verified for the check-in system at the Wroclaw Airport. The developed model can 

also be used for the assessment of the functioning of both existing and designed check-in systems. 
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1. INTRODUCTION 

 

The aspect of the airport operation in the world's literature focuses on the operation of various subsystems.  

A large number of studies are devoted to ramp services for aircraft. Authors of [1] developed a simulation 

model of the passenger-boarding process. On the basis of the analysis conducted, the authors showed the 

possibility of choosing an appropriate boarding strategy to reduce the boarding time. Author of [2] developed 

a simulation model, which allows an analysis of identification of passenger congestion in the aircraft door, 

depending on various boarding scenarios. Authors of [3] performed an analysis pertaining to the time of 

waiting for latecomers in the boarding process. In the article [4], ground handling was analysed as a sub-

process in aircraft rotations. By analysing historical data, the authors determined the probability of delays in 

the ground-handling process due to individual handling sub-processes. On the basis of research and 

observations, Authors of [5] developed a set of practical recommendations, which can improve ground-

handling efficiency. One of the more interesting issues in the ground-handling planning was presented by [6]. 

The system makes it possible to provide short-term support to process management. The objective function 

is based on three factors: the cost, energy and time consumption. Authors of [7] developed an algorithm for 

the allocation of technical and human resources to the implementation of individual ground-handling 

activities. The main assumption of the developed heuristic method is the division of resources into groups 

allocated to the ground handling of a given aircraft. Authors of [8] in the developed method for aircraft 

scheduling in the terminal control area using the rolling horizon approach, showed that the ground-handling 

planning according to the branch and bound strategy is the most effective. Such an approach makes it 

possible to achieve much higher efficiency that the first-come-first-served strategy.  

 

Characteristics of the check-in system operation planning were described by [9]. Authors presented a model 

of determining the hourly capacity of the check-in desk system. The model of the check-in desk system was 

also presented in [10]. Today, many articles discuss the application of fuzzy logic for the modelling of 

complex systems [11]. In this work, reliability of the technical system [12] and aspects of vulnerability [13] will 

also be taken into account. A dependence functioning model of the systems will be developed, as in [14].  
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In the global aspect, the issue of the reliability of transport systems were brought upon on numerous 

occasions [15-20]. Issues related to the modelling of the reliability of a railway transport network system are 

presented in [21]. Simulation models of the operation of complex operation systems are presented in [22].  

An assessment of the functioning of an intermodal transport system was presented in [23-24]. Important 

aspects taking into account energy consumption were presented in [25]. The use of Markov processes for 

the purposes of the modelling of reliability of transport systems is described in [26-27].  

 

According to data presented by the Central Office for Delay Analysis [28] in Europe, as many as 37.4% of 

airport operations during the departure are delayed by more than 5 minutes. The average delay for delayed 

air operations is 26 minutes. The passenger-and-baggage check-in is one of the factors causing the largest 

number of delays during an operational day. Therefore, it is necessary to continuously develop the 

infrastructure of the system, taking into account the research aimed at obtaining the maximum effectiveness 

of the operation of the system. In the article, an approach to the check-in system modelling was presented, 

which takes into account the possibility of using the common check-in strategy in the implementation of the 

process. 

2. MODEL OF DYNAMIC FUNCTIONING OF THE CHECK-IN DESK SYSTEM AT AN AIRPORT 

This section presents a model of the functioning of the check-in desk system at an airport. The model was 

then implemented in the Flexsim environment. The possibility of the modelling of both discreet and 

continuous processes is an advantage of the software used. Also, the possibility of importing CAD files as 

well as the creation of libraries for subsequent use and the possibility of 3D process visualization is  

a significant advantage of the software used. 

 

Fig. 1 Visualization of the check-in system 

Model of the functioning of the check-in desk system at an airport is presented in Figure 2. 

 

 Fig. 2 Model of the functioning of the check-in desk system at an airport  



Nov 4th – 6th 2015, Czech Republic, EU 

 

 

Input data for the model include: the check-in structure (distribution of the check-in system, characteristics of 

check-in desks), check-in procedures (common, dedicated, mixed), the flight schedule, on the basis of which 

the stream of passenger reports for the check-in is determined. 

The model of the functioning of the check-in desk system at an airport is based on the model  

of the passenger service process at the check-in desk (Figure 3) and an algorithm for the management of 

the schedule of the check-in desk operation (Figure 4). 

The developed model of the check-in system functioning at the airport makes it possible to determine, 

amongst other things, the passenger's average wait time for the check-in at time 𝑡, taking into account the 

type of the carrier (FC – flag carriers, LC – low-cost carriers, CH – charter carriers). 

The model of the passenger service at the check-in desk is presented in Figure 3. 

 

Fig. 3 Model of the passenger service process at the check-in desk at an airport  

Input data is entered at the initial stage. The stream of passenger reports on the basis of the flight schedule 

and characteristics presented in [29] is defined. The handling procedure method is defined (common, 

dedicated, mixed). It is checked whether the passenger reporting for the check-in can start the check-in 

process at the carrier's or flight's dedicated desk. If the check-in has not started yet, it is checked whether the 

common check-in desk for all flights and carriers is open. If two of the conditions above are not met (the 

passenger's check-in for the flight has not started and the common check-in desk for all flights and carriers is 

not open), the passenger waits until one of the two events takes place. If one of these events (or two at the 

same time) is met, the passenger's predicted waiting time for the check-in is checked for the dedicated 

check-in desk and for the common check-in desk. The passenger is placed in the queue, in which the waiting 

time for the check-in is shorter. If the passenger is the first in the queue and the check-in desk is free, the 

check-in process begins in accordance with time characteristics presented in [29]. After the completion of the 

check-in, the passenger is placed in the waiting area for the security control system. 

The algorithm for dynamic management of check-in desk system operation is presented in Figure 4. 

 

 

Fig. 4 The algorithm for dynamic management of check-in desk system operation  

Input data is entered at the initial stage. The schedule of the check-in desk operation is indicated for 

individual flights (opening and closing times of check-in desks). The time of the simulation commencement is 
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specified. In a given step of the simulation (at time 𝑡), it is checked whether it is necessary to open or close 

the check-in process for any of the flights from set 𝐹. If one of the events takes place, the check-in desks are 

opened or closed (in accordance with the carrier's requirements). The airport can decide to open a common 

check-in desk, which means that it will be possible to check in outside the opening hours of the carrier's 

dedicated check-in desk (the carrier's flights). The condition for opening of a common check-in desk can be 

the presence of a large group of passengers of various carriers, which are not checked in at time 𝑡. A similar 

condition for the opening of this check-in desk can be a situation, in which a large stream of passenger 

reports occurs for several check-in processes. If conditions for the opening of such a desk occur, it is 

opened. Otherwise, the desk is closed. However, it should be remembered that each carrier defines when 

the passenger must go through the check-in before the planned departure time. Passengers can check in at 

the latest 30 minutes before the planned departure time for flag carriers and 40 minutes before the flight for 

low-cost carriers.  

3. MODEL APPLICATION AND VERIFICATION: THE WROCLAW AIRPORT 

The check-in system is based on 21 desks, where passengers are served by GHA employees. Desk 1 is 

intended for oversized baggage, which means that no regular passenger service is performed there. The 

diagram of the check-in system is presented in Figure 5. 

 

21     20  19      18  17     16  15      14  13      12          11    10  09       08  07     06  05      04  03     02         01  

 

Fig. 5 Diagram of the check-in system at the Wroclaw Airport 

At check-in desks, all three handling procedures (common, dedicated, mixed) can be performed; however, 

due to traffic intensity, it performs a dedicated procedure for the carrier. 

The verification of the model was performed for the distribution of characteristics presented in (Kierzkowski 

Kisiel JOATM) and the flight schedule in Table 1. 

The model of the functioning of the check-in system at the airport was verified by checking the consistency 

between the empirical and theoretical distributions (obtained from the model): times between passenger 

reports to the check-in system (𝐹𝐼𝑁𝑃(𝑡)), times between the passengers leaving the check-in system 

(𝐹𝑂𝑈𝑇(𝑡)). The distributions are presented in Figure 6.  

The λ-Kolmogorov consistency test was used to verify the consistency of empirical distributions (obtained as 

a result of research conducted at the airport) and theoretical ones (obtained from the simulation model). 

Consistency between distributions was revealed at the significance level of α=0.05. The obtained statistical 

value is lower than λ=1.36. 
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Table 1 Flight schedule (carrier type, planned departure time, number of passengers) 

Type/no. departure pax type departure pax type departure pax 

CH01 05:40 129 LC05 12:40 179 FC08 17:55 178 

FC01 05:50 180 CH04 13:20 187 CH07 18:25 59 

LC01 06:10 133 CH05 14:10 189 LC10 19:05 189 

FC02 06:25 172 FC05 14:35 68 CH08 20:05 172 

LC02 07:00 188 FC06 14:55 133 CH09 20:45 174 

FC03 08:55 32 LC06 15:50 176 LC11 20:50 177 

LC03 09:35 57 CH06 15:55 68 LC12 20:55 51 

CH02 10:05 42 LC07 16:25 187 FC09 21:00 83 

LC04 11:30 172 LC08 16:45 84 FC10 21:00 81 

FC04 12:00 67 FC07 16:55 164 LC12 21:25 184 

CH03 12:10 189 LC09 17:35 189 LC13 21:50 186 

 

a)  b)  

Fig. 6 Empirical and theoretical distribution functions: a) the number of passengers entering the check-in 

system, b) the number of passengers leaving the check-in system at 5-minute intervals  

The developed model makes it possible to show the influence of the opening of a check-in desk on the 

passenger's waiting time for the check-in desk. Figure 7 presents the influence of the number of open 

common desks on the average waiting time for the check-in desk over the analysed day. 

 

Fig. 7 Influence of the number of open common desks on the passenger's average waiting time for the desk. 
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The introduction of one common desk resulted in the reduction of the average passenger service time by 

half. It is important that this also occurred for the passenger's longest waiting time for the check-in. Accurate 

figures are presented in Table 2. 

Table 2 Figures characterizing the check-in system operation according to the carrier type  

 

All carriers Low cost carriers Flag carriers Charter carriers 

Number of common check-in 
desks 

Number of common check-in 
desks 

Number of common check-in 
desks 

Number of common check-in 
desks 

0  1 2 0 1 2 0 1 2 0 1 2 

Average 
waiting time 2.28 1.19 0.27 2.97 0.94 0.29 0.93 0.44 0.25 2.47 2.17 0.13 

Standard 
deviation 2.96 2.14 0.78 3.44 1.53 0.75 1.42 1.15 0.55 2.86 2.95 0.30 

lower 95% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

upper 95% 8.80 5.61 1.66 10.46 3.83 1.88 4.22 3.22 1.55 8.87 6.4 0.78 

The opening of an additional common check-in desk significantly reduces the average passenger waiting 

time for the service. This is particularly noticeable for low-cost carriers and flag carriers.  

Also, the 95-percentile passenger service time is reduced. The introduction of another (second) common 

check-in desk allows further reduction in the passenger's wait time. The necessity of providing an additional 

employee to operate the desk is a disadvantage of such a method of management. It was assumed in 

analyses that common desks will be open from the first to last passenger (from 3:00 AM to 9:00 PM). The 

developed model also allows for temporary opening of a common check-in desk, which makes it possible to 

reduce the costs of employing a check-in desk employee.  

4. CONCLUSION 

The article presents a model of the functioning of the check-in desk system at an airport. This model makes it 

possible to determine the passenger's average wait time for the check-in, depending on the carrier type and 

also depending on the number of open common check-in desks. The model of the functioning of the check-in 

desk system is based on the model of the passenger service process at the check-in desk and an algorithm 

for the management of the schedule of the check-in desk operation. The developed model can be used in 

functioning systems and it can also be used for designing such systems. The model was verified on the 

basis of actual data obtained within research conducted at the Wroclaw Airport. 

Further work will be performed to take into account relationships between the operation of the check-in 

system and the security control system. An algorithm for the optimization of operation of the security control 

system and the check-in system (two inter-dependent systems) with minimal labour consumption in the two 

subsystems. 
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