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Abstract 

The increasing number of air operations is a challenge for air traffic controllers. The organization of air traffic can be achieved by 
better aligning the planes for landing or sequencing. Sequencing problem is commonly found in many areas of science, industry 
and economics. The schedule of tasks in air transport is also important in the integration of traffic, as it allows passengers, not only 
direct flights, but also efficient interchanges.  
Generally, the problem of sequencing tasks is to determine the order of execution of tasks on machines (CPUs) so as to minimize 
(or maximize) the value of a given criterion. The problem of optimally determining the order of landing operations is noticeable 
both in official regulations and scientific publications. Aiming to develop the optimum sequencing of aircraft landing process, 
support procedures implemented at airports. In the early stages of air traffic sequencing, extended arrival management (AMAN) 
and feature-based navigation (PBN) are used to extend the planning horizon. It is possible to sequence traffic both during the flight 
and early descent. However, there are no universal sequencing methods. Research is still needed in this area. 
The article discusses the process of sequencing landing aircraft, taking into account the minimization of the schedule length. It 
represents the desired number of landing operations in the shortest possible time. The application of theoretical algorithms has been 
verified and a methodology has been developed for determining the order of landing operations, providing the shortest possible 
execution of all operations. On the basis of the computerized algorithm of sequencing landing aircraft with regard to the 
minimization of the ranking, calculations were made to check the validity of the algorithm. The results were compared with the 
times achieved using probabilistic sequencing problems. 
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1. Literature review 

Methods are described in the literature that rely on an appropriate sequencing of aircraft landing (Dear & Sherif, 
1991), (Kwasiborska & Skorupski, 2014) and the planes taking off. The popularity of these methods stems from 
expectations of a significant improvement of airport capacity (Diallo et al. 2012), with minimal financial and 
organizational but also can be useful for the organization of air traffic in terms of noise restrictions (Kwasiborska & 
Skorupski, 2017). Proposed models and algorithms can be used for control in the TMA region (Dell'Olmo et al., 1996). 
The problem of optimal sequencing of airplanes at an aerodrome with one runway for takeoffs and landings is 
described in the paper (Bianco et al., 1978). This problem was compared with the problem of sequencing n tasks (plane 
takeoffs and landing) on one machine (runway). 

Among the studies on air traffic but not using formal sequencing algorithms, eg work (Andreussi et al., 1981) can 
be mentioned. It presents a model for evaluating traffic control strategies in the TMA that includes several inbound 
points to the area and several routes to selected landing approach endpoints. The implementation of the model to assist 
air traffic management in the area of Rome-Fiumicino Airport was finalized. A similar issue in more contemporary 
realities is discussed in (Boursier et al., 2007).  

The Just-In-Time Idea was the basis of a concept that could represent work (Boysen & Fliedner, 2011), where the 
basic criterion for assessing the effectiveness of sequencing was the workload of ground personnel. As a solution to 
this problem is shown sequencing algorithms take into account the number of landing an even distribution of 
passengers, the number of aircraft and the number of individual carriers landing passengers on airplanes each carrier.  

A similar approach to landing aircraft sequencing is presented in the paper (Soomer & Franx, 2008), where an 
algorithm is proposed, where the key role is to reconcile landing time with air carrier preferences. The question of the 
proper (desirable) time of landing is discussed at work (Smedt at al., 2013). The availability of the required arrival 
time (RTA - Required Time of Arrival) and, in principle, the arrival of controlled arrival times (CTA - Controlled 
Time of Arrival) are considered. Although many papers discussing the issue of sequencing landing aircraft still have 
the potential to look for opportunities to use a task scheduler using the Petri network (Skorupski & Florowski, 2016). 
An important direction of research is to create sequencing algorithms that use more than one criterion (Skorupski, 
2015). Most benefits should provide a solution to minimize the length of the rank and at the same time characterized 
by the best compatibility with the desired end time of each operation. 

 

2. Wake turbulence aspects of aircraft 

Aircraft approaching airport may not always start the approach to landing and landing. When at a given time report 
more than one aircraft, which reports desire the landing, the aircraft may be grouped in the waiting area from which 
each take an approach. This provides a safe way for the expectation of landing. An analysis of the aircraft landing 
sequencing, priority must be given separation procedure. This is a fundamental way to prevent conflicts. The article 
did not consider the vertical separation as the aircraft were reported to the system at a fixed altitude. 

     Table 1. The minima between preceding and following aircraft. 

Following aircraft 

Preceding aircraft 

Heavy Medium Light 

HEAVY (H) — all aircraft types of 136 000 kg or more 1 minute 2 minutes 3 minutes 

MEDIUM (M) — aircraft types less than 136 000 kg 
but more than 7 000 kg 

1 minute 1 minute 3 minutes 

LIGHT (L) — aircraft types of 7 000 kg or less 1 minute 1 minute 1 minute 

SUPER HEAVY (SH) — aircraft A-380 with a 
maximum take-off mass in the order of 560 000 kg* 

2 minutes 3 minutes 4 minutes 

Source: Procedures for Navigation Services – Air Traffic Management, 16th Edition 2016: ICAO Doc 4444, 4-12, 5-44. 
*https://www.eurocontrol.int/sites/default/files/field_tabs/content/documents/nm/airports/airports-wake-vortex-aspects-letter-a380-
aircraft1.pdf 
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Table 1 illustrates the time between minima landing aircraft of all types belonging to one of three categories 

(breakdown into categories according to the maximum take-off weight). However, the separation minima for 
turbulence in the aerodynamic trajectory should be taken into account. Separations allow for the minimization of the 
danger associated with the swirling masses of air that are generated behind the wing tips and jet streams of jet engine 
engines that affect the flight of aircraft flying behind them. In order to understand the rules that must be taken into 
account to properly plan the sequence of landing aircraft, you have to know the rules that apply to landing aircraft. 

3. The problem of sequencing air traffic  

The analysis of the sequencing process should begin with defining the problem. Task sequencing is the assignment 
of time, task positions from the set P to tasks from the set Z, taking into account additional constraints. The π 
sequencing problem is an ordered sequence of parameters characterizing a problem along with a ranking criterion. 
Not all parameters must have values in it. A sequencing problem that has fixed values for all the parameters of a given 
sequencing problem is a specific sequencing problem. It is denoted by I. The set of all specific sequencing problems 
for π is denoted as Dπ. The sequencing algorithm for the problem π is called any procedure that for each specific 
problem I ∈ Dπ is arranged if it exists. 

Sequencing thus obtained to be evaluated. The criterion of the objective function can be used to this. Define the 
objective function is essential since it allows an alignment comparison of two different acceptable (satisfying 
constraints) on their quality. It is assumed that sequencing is synonymous with a solution acceptable to the sequencing 
problem. They are carried out to obtain an optimal sequencing algorithm. For the problem π, this is a sequencing 
algorithm that minimizes the accepted criterion for each specific problem I ∈ Dπ. 

The sequencing problem can be reduced to the problem of determining the order in which operations are performed 
to obtain an optimal value for a given parameter. There are three main criteria for optimization: 

 length of the schedule (time of task set) 

Cmax = max {Cj}    (1) 

 average flow time (average time spent in the system) 

�̅�𝐹 =  1
𝑛𝑛  ∑ 𝐹𝐹𝑗𝑗

𝑛𝑛
𝑗𝑗=1     (2) 

 maximum delay (the difference between the required and the actual time of completion of processing of the 
task) 

Lmax = max {Lj} (3) 

In the following analysis examined the issue of sequencing taking minimum length of alignment. The following 
assumptions were made: 

 one service station can support only one task (operation); 
 the task is executed after the moment of arrival in the system; 
 all tasks will be completed; 
 for each of the two tasks Zi, Zj which belong to the set Z and Zi <Zj, the execution of the task Zj begins after 

the completion of the task Zi; 
 tasks are indivisible (indivisible ordering), so task execution from set Z is not interrupted. 
Considered a sequencing problem for which all parameters are known. For each task assignment, Zj is defined as: 
 completion time of Cj; 
 time in system Fj, which is the sum of waiting and execution times: 
 Fj - end of execution moment - ready moment of execution - delay Lj; 
 Lj - end of execution time - planned end point of the task. 
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The problem of sequencing in aviation can be used for analysis of issues, which perform operations on the known 
number of stations. The article called the operations of all the activities that will be performed by aircraft from the 
time of notification to the system until the end of landing on a runway. An airplane is registered at one of the inlet 
gates to the TMA and then the aircraft is set for landing. One landing operation can only be performed on one runway. 
Each operation is assigned the execution time of individual tasks and other parameters depending on the formulation 
of the task. The task system is defined by a set of tasks to perform, task execution times and sequential constraints. 

4. Methods of sequencing   

The basic algorithms of deterministic sequencing are worth pointing out are letter sequencing algorithms (letter 
algorithms). These are LPT - Longest Processing Time and SPT Shortest Processing Time algorithms, which range 
from the longest, the most demanding, the shortest (LPT) and the shortest to the longest (SPT) (Ender Ozcan, et al. 
2013). They consist in assigning priority tasks according to a specific rule, selecting the highest priority task that can 
be executed at any given moment and assigning it a service desk immediately. In practical implementation tasks are 
ranked in descending order of priority in the list. At the end of the task, the maintenance post is allocated to the first 
unfinished task on the list, all of which have been completed.  

The LPT (Longest Processing Time) algorithm defines the criterion for ranking the length of the order. Tasks are 
placed here according to decreasing execution times. When the machine is free, its next task is assigned until all tasks 
are assigned. The length of the Cmax rank in the LPT rule is no greater than 4/3 of the minimum length of the problem 
order, but does not ensure the minimization of the sequencing time.  

Another is SPT (Shortest Processing Time), where the criterion for ranking is the average flow time F ̅ indivisible 
tasks (mean time in the system). The longest tasks are allocated here to machines and then removed from the set. The 
assignment is repeated until all the tasks have been assigned. Then, for each machine, the tasks assigned to it are sorted 
according to the time of execution. The SPT rule allows you to determine the order of work so that the average flow 
time F ̅ is minimal, but not used to minimize the length of the Cmax order. There is also an RPT (Reverse LPT) 
algorithm, where the ranking criteria are both the length of the ranking and the average flow time, so it is a combination 
of LPT and SPT algorithms. Tasks are initially assigned to individual machines according to the LPT algorithm, and 
then on each machine schedules tasks according to the SPT algorithm. In this way, the rule provides a ranking that 
takes into account both requirements. This algorithm was not, however, included in this analysis. 

For systems with a single operator, you can use the FIFO (first in-first out) algorithm. It means handling in the 
order of requests, without preference, assuming no interruption in the tasks performed. Sorting consists of handling 
tasks according to the task order. Reverse algorithm is LIFO (last in-first out) algorithm, which consists in servicing 
tasks that were last reported to the system (Philippe Robert, 2003). The service is in the reverse order of the order of 
entries. If a new task is requested during the operation, the current task is interrupted and new support begins. Once 
it's done, it returns to the broken task. Algorithms that take into account preferences for prior handling of some tasks 
are cyclic algorithms. They allow you to stop performing tasks. 

Assuming that the first heavy aircraft will arrive, which will take 4 minutes to complete the landing. A couple of 
seconds later, a second aircraft will arrive, which will need 1 minute to land, then the total landing time will be 7 
minutes.  

After the interruption or completion of the tasks attendant service starts next task. At the end of the activity, it is 
deleted from the queue and another service is started. After the last job returns to the first service. New entries are 
placed at the end of the queue. This is a small extension of the FIFO algorithm. Algorithms can have fixed priorities 
(they are assigned to each task at the time of entry) or variable priorities (the task upon arrival may receive the highest 
priority, while it is inversely proportional to the waiting time or the lowest priority that is getting higher together. with 
the passage of time). 

When two light aircraft are landing for landing time of 7 minutes and 4 minutes, according to the order determined 
by the LPT algorithm, the aircraft will land first at 7 minutes landing time. Then the time needed to complete both 
operations will be 8 minutes. When the landing sequence is SPT, the landing time will be 7 minutes, since one aircraft 
will land 4 minutes later and the other will be after another 3 minutes (according to the time required to complete the 
operation). The SPT will set a minimum time for both operations but is not universally applicable. According to the 
LIFO scheduling, the time needed to land two aircraft is a time of 5 minutes when FIFO is used then the time is 3 
minutes. 
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Both cases show that both FIFO and LIFO may be the best scheduling methods in a given case, but this strongly 
depends on the situation. You can not surely recognize them as universal. However, according to H. Balakrishnan 
(Balakrishnan & Chandran, 2006), the FIFO algorithm is used for scheduling landing aircraft in practice. Its 
advantages include: ease of implementation and logic in handling tasks according to the order of their entries into the 
system. As demonstrated above, the FIFO algorithm does not, however, provide for a minimum time-alignment 
condition. 

Probabilistic and deterministic methods of sequencing should be considered. Usually they are used on more than 
one service station. Note that the sequencing algorithm for landing aircraft has additional difficulty. These are time 
separations between aircraft, depending on the class of two consecutive ships. When sequencing two or three aircraft, 
manual search for the best solution is possible. However, for many aircraft, this activity is very time consuming. It 
consists in calculating the total time taken for all possible combinations and choosing the shortest solution. 

5. Sequencing of landing aircraft  

Landing aircraft that made the desire to perform the loading operation should be arranged in such a way that landed 
in the shortest possible time. Application of the aircraft to the system is made by giving the time required by the 
reporting machine for the execution and completion of the landing operation since the boundary of the TMA area, ie, 
the area of the controlled airport. In this way landing times for individual aircraft are known. There is no limit on the 
length of the queue. The aircraft after the notification to the system performs a waiting operation. Landing approach 
begins only when the algorithm indicates his order. 

The landing plane sequencing algorithm allows a number of simulations to be performed, giving different rankings 
on the basis of which it is possible to determine the total landing times of an aircraft in different queue rules. The first 
thing to do is to give of list the number of aircraft n waiting for service. Once the number of aircraft has been entered, 
the landing times tl (tl  <tl1, tl2, ..., tln>), ie the times needed to complete each task, and the aircraft class k (k <k1, k2, 
..., kn>) are entered. These are the necessary data to calculate the horizontal separation. The data used for the 
calculation algorithms have been tested for the LPT, SPT, FIFO and LIFO. The results are shown in Table 2 

     Table 2. The total times in different configurations landing aircraft. 

Algorithm LPT SPT FIFO LIFO Seq_AC 

Landings aircraft 7,8,2,6,3,4,5,1 1,5,4,3,6,2,8,7 1,2,3,4,5,6,7,8 8,7,6,5,4,3,2,1 1,3,6,7,2,4,5,8 
Total landing time 16 minutes 14 minutes 15 minutes 17 minutes 11 minutes 

Source: own elaboration. 
 
The Seq_AC algorithm provides a ranking for which the time taken to complete the landing operation by all aircraft 
entered into the system (11 minutes) is shorter than if the aircraft performed operations in the order determined by 
both the LPT deterministic sequencing algorithms (16 minutes) and the SPT minutes) as well as probabilistic FIFO 
(15 minutes) and LIFO (17 minutes). 

In order to verify the universality of the algorithm, five attempts were made to change the number of aircraft and 
their configurations. Total landing times in sequences suitable for LPT, SPT, FIFO, LIFO, and Seq_AC algorithms 
are shown in Table 3. 

     Table 3. The designated order and the total time of the landing in samples. 

Algorithm LPT SPT FIFO LIFO Seq_AC 

Test 1 {3,1,4,5,2} 
14 minutes 

{2,5,4,1,3} 
8 minutes 

{1,2,3,4,5} 
12 minutes 

{5,4,3,2,1} 
12 minutes 

{2,4,1,5,3} 
8 minutes 

Test 2 {5,4,2,6,1,7,3} 
14 minutes 

{3,7,1,6,2,4,5} 
12 minutes 

{1,2,3,4,5,6,7} 
13 minutes 

{7,6,5,4,3,2,1} 
16 minutes 

{1,3,5,2,6,4,7} 
10 minutes 

Test 3 {3,2,5,6,1,4} 
18 min 

{4,1,6,5,2,3} 
15 minutes 

{1,2,3,4,5,6} 
15 minutes 

{6,5,4,3,2,1} 
16 minutes 

{1,4,5,3,2,6} 
11 minutes 

Test 4 {3,2,4,1} 
16 minutes 

{1,4,2,3} 
12 minutes 

{1,2,3,4} 
13 minutes 

{4,3,2,1} 
14 minutes 

{1,4,2,3} 
12 minutes 

Source: own elaboration. 
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The tests clearly show that the algorithm developed for the purpose of the work determines the order in which the 
total time needed to complete all landing operations is no longer greater than for the sequencing schedules defined by 
known LPT, SPT, FIFO and LIFO sequencing algorithms. In Test 1, the order of the shortest landing time was reported 
by both the SPT and Seq_AC algorithms. In Test 4, the SPT and Seq_AC algorithms gave the same rank. In addition, 
the LIFO algorithm returned a different ranking, but with a similar time of service. However, in Test 2 only the 
Seq_AC algorithm has assigned the order of landing with the shortest time of execution of all tasks. The tests 
confirmed by the thesis in the work that particular algorithms can be used in specific cases, but they are not universal. 
The Seq_AC algorithm provided a ranking with the shortest service time. 

6. Conclusion   

Sequencing is subject raised in many fields of science. It applies on a variety of planes that share a common factor. 
It is necessary to determine the order of execution of tasks. Often, the calculations made on the basis of sequencing 
algorithms, depends on the project plan and the decisions taken both in the planning and execution of operations.  

Sequencing landing aircraft is a very interesting and important issue. It can be done in many ways. The choice of 
one depends primarily on the criterion that defines the desired goal. In the article this was minimizing the length of 
the order. It is important because it allows for increasing the capacity of the landing field. It allows you to avoid or 
minimize delays in landing operations as compared to scheduled operations. 
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