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Abstract: The air transport crisis, caused by the Covid Pandemic, not only forced the 

limiting of air traffic operations, but also, the verification existing air traffic forecasts.  

This time can be used for an in-depth look at the existing procedures at the airport, namely 

the procedures for performing aircraft take-off operations. After the renewed increase in 

air traffic, the problem of proper positioning of aircraft for take-off will reappear.          

The capacity problem at airports will return as air traffic increases. Capacity is a 

parameter that determines the traffic capacity of an airport, expressed as the theoretical 

maximum number of air operations that the airport is able to handle per unit of time.     

This parameter may also result from the seasonality of air traffic both throughout the year 

and changes over single days or even hours. Achieving a certain capacity may require the 

expansion of airport infrastructure or more efficient management of airport operations.   

An undesirable effect of increasing air traffic are delays related to airport capacity.       

The existing queue of aircraft waiting for take-off operations at the runway threshold, 

could be due to poor management and queuing of aircraft or insufficient airport 

infrastructure. It is possible to eliminate the queue phenomenon, at the runway threshold, 

through better sequencing of aircraft push-outs. This makes it possible to determine the 

order of the take-off of aircraft, already at the stage of push-out. The aim of the article is to 

present the possibility of a more effective use of the aircraft pushback sequence, increasing 

the capacity of the airport maneuvering area. The proposed algorithm sequencing of 

aircraft to taxi in order to minimize delays associated with deviations from the flight plan, 

the taxiway of the stand to the runway threshold, thereby reducing emissions into the 

atmosphere. The algorithm is based on the A-CDM project, which unites airports to 

exchange information necessary to better use the capacity of these airports. 
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1 Introduction 

At the beginning of the 21st Century, in order to address the widespread problem 

of airport congestion, projects were created to improve airport and airspace 

capacity. The main reason for the changes was technical progress, as the use of 
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new technologies has improved the exchange of information between important 

operational units. One of the main projects that aims to increase air traffic capacity 

is SESAR [1]. 

There are also other projects such as A-CDM [2] [3] and AMAN/DMAN [4] [5]. 

The projects support the operational work of units (ATC, air carriers, etc.) 

suggesting concrete real-time solutions to the problems. Unfortunately, the 

implementation of these projects is very time consuming and very expensive, so 

not all airports have fully implemented systems based on A-CDM and 

AMAN/DMAN projects [6]. There are airports that still face capacity problems 

such as: take-off queue, deicing station queue, congested aprons and lack of 

smooth traffic [7]. 

A tool for the air traffic controller to exercise safety oversight over air traffic is to 

impose appropriate separations between other aircraft or obstacles. Separation is 

the determination of the minimum value of the distance from an obstacle (or other 

aircraft) which guarantees the safe execution of operations [8]. Separations can be 

expressed in terms of distance or time. They provide protection against collision, 

too close a flight or flying into the turbulence area of the aerodynamic trace, 

which is a very dangerous phenomenon [9]. Air traffic management is based on 

procedures and, in some areas, on individual assessment by the controller.       

This management method is good for small air traffic, while in case of increased 

traffic, it significantly reduces capacity. The key moment to improve capacity is 

when an aircraft enters the traffic flow [10]. Such a flow can be identified when 

formulating a queue of aircraft to take off [5]. This is the moment when an aircraft 

is pushed back to the taxiway [11]. This operation is crucial because it can directly 

affect the movement of other traffic participants, causing other traffic participants 

to stop or be forced to change their taxiing route on the maneuvering area. 

2 Pushback of Aircraft 

Pushback of aircraft is done, only with the consent of the airport controller [9].  

An aircraft declares its readiness for the pushback maneuver, and the controller 

analyzes visually or on the airport radar indicator the current traffic situation, and 

gives consent or delays the consent for the pushback. The aircraft must confirm 

the release of the brakes before the pushback begins. A tractor starts pushing back, 

by directing the aircraft to a given taxiway and positioning it in the correct 

direction and exactly in the axis of the taxiway. When the aircraft is in the taxiway 

axis, after reporting the pushback completion, it must report the brakes on and 

wait for the tractor to leave. To make sure that the tractor is actually disconnected, 

it needs to be informed both by voice and visually, because the pilot has a limited 

field of vision. Then the pilot asks for permission to start engines and taxiing. It is 

also possible that the aircraft cannot be taxied with the engines on, then the towing 
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procedure takes place. The air traffic controller gives permission for towing to 

a suitable taxiway and to a predetermined point, where the aircraft can start 

engines and taxi to the runway [12]. 

The pushback procedure does not provide an aircraft pushback sequence optimal 

for the capacity of the maneuvering area, which in some situations has a 

significant impact on the fluidity of the traffic flow of aircraft taxiing on the 

taxiway to which the aircraft is pushed back [22]. The procedures do not provide 

for the impact of current traffic on the aircraft pushback sequences, which are 

subject to interpretation by the air traffic controller. Applying the order of aircraft 

pushback in heavy air traffic for most taxiing aircraft, it would force unnecessary 

waiting on the taxiway when another aircraft is pushed back. 

Sequencing the aircraft to perform the take-off operation is based on the proper 

aircraft pushback sequence so as not to create a queue before the runway in use 

[13]. When the updated Target Of Block Time (TOBT) provided by the ground 

crew or aircraft operator to Air Traffic Control is inconsistent, warning signals are 

sent out to warn of the situation [14]. The Target Take-off Time (TTOT) value is 

calculated by VTT (Variable Taxi Time) in combination with additional times, 

e.g. deicing time, if this process is intended for a specific flight. Actual Start-Up 

Approval Time (ASAT) and TTOT are transferred via the A-CDM Information 

Sharing Platform (ACISP) to A-CDM partners, in particular TTOT is sent to 

network operators for updating [15]. Selection is a process that the ATC performs, 

taking into account the various aspects resulting from the expected and current 

traffic. ATC controllers, when making the pre-selection, must have access to the 

TOBT list of different aircraft, taking also into account the operational situation, 

and establish the ASAT either equal to or later than their TOBT. The pre-selection 

is then optimized by predetermined restrictions: 

 Resulting from the Calculated Take-Off Time (CTOT) regulations 

 The need to maximize air traffic (as many operations/h as possible) 

 Ground traffic interaction (e.g. shifting of parking spaces) 

For the calculated ASAT, there must be a TTOT and the necessary information 

such as: Default runway, Standard Instrument Departure (SID) and the size of the 

separation with arriving aircraft. For airports with intersecting runways and mixed 

take-off and landing operations there is a possibility of interference between these 

operations. The phenomenon occurs when the TTOT is the same as the Target 

Landing Time (TLDT). Therefore, the release of ASAT and consequently also 

TTOT takes place after the analysis of all possible loads that cause the delay. It is 

also possible to interfere in the selection of aircraft on a priority basis.              

This phenomenon most often occurs when we deal with many aircraft of one 

carrier, where already at the stage of TOBT determination similar values are 

obtained. Then, through an integrated information exchange system, information 

is sent to Air Traffic Management from the aircraft operator about its preferences. 
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There is a regulation that refers to and prevents the sending of appropriate 

messages from operators to the ATC, depriving of useless information. When 

there is a different situation with two aircraft of different carriers, there is also an 

approximate TOBT. Sorting consists in assigning one of the aircraft a delay by 

agreement with the local target tasks and partners in A-CDM [2]. Pushback takes 

place when TSAT is approved. 

2.1 Aircraft Pushback Sequence Algorithm 

At airports with heavy air traffic, the phenomenon of queuing for take-off may 

occur [16]. It is caused by imperfect air traffic management. The factors causing 

this phenomenon may be flight procedures, flight schedules, weather factor or 

safety related random events. Procedures that do not take into account the 

possibility of interference in capacity management make it likely that the process 

will be disturbed at high traffic volumes. The procedures that particularly interfere 

with the possibility of a queue are: 

 Pushback procedure 

 Taxiing procedure from and to the parking position 

 Effects of a queue: 

° Increase in exhaust emissions 

° Delays 

° Increase in fuel consumption by the aircraft 

Elimination of the phenomenon of queuing at the threshold of the runway is 

possible with skillful management of airport traffic through better selection of 

taxiways (as short as possible) and appropriate selection of the order and time of 

aircraft pushback. By guaranteeing the smooth movement of an aircraft from the 

moment of pushback to take-off, without unnecessary delays or waiting, it is 

possible to reduce exhaust emissions and fuel consumption of the aircraft.          

The analysis was based on the following assumptions: 

1. Aircraft separations are fixed for a given type of operation, regardless of 

the aircraft type. 

2. Aircraft calls are sorted per the earliest TOBT, TLDT up to the latest. 

3. The time from touchdown to exit from the appropriate runway is fixed for 

each type of aircraft. 

4. Aircraft landings are made on only one of the runways. 
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The parking spaces are connected to the runway by a network of taxiways.           

A graph is given describing the network of air connections between the 

characteristic points of the airport. 

Gj=<X, ZPXj, FXj> (1) 

where: 

X = {x1 , x2, x3, x4, …,xa…,xb,…, xp,…, xk,….,xi} - a set of characteristic points at the 

airport containing parking spaces, taxiway intersections, take-off points and points 

of touchdown and runway exit, 

ZPXj = {zpxj = (xp, xk)}  X×X - a set of connections between points 

characteristic for aircraft of type J, 

FXj - specified task function: FXj: X × ZPXj × X → { 0, 1} 

∀ xp,xk ∈ X, ∀ zpxj ∈ ZPXj  ⇒ FX(xp, zpxj, xk)=  (2) 

For each branches zpxj = (xp, xk) is defined function: 

Dis ( xa, xb ) =   (3) 

 

Figure 1 

Scheme of structure at the airport 

Diagram (Fig. 1) shows a graph created on a model airport from xi characteristic 

points and the possibilities of connections between them (arcs). The network of 

elementary operations of airport traffic is a standard network for the problem of 

determining extreme routes in directed networks. To determine the straight route 

of minimal μmin (xp, xk) we define: let the set D of straight routes μ in the network 

Sj = <Gj, Ø, {lj(u)}> define the function whose F(μ) values are determined by the 

characteristics of fxj(u) branches u of route μj(xp, xk). With Dj(xp ,xk) we mark the 

set of straight routes μj(xp, xk) connecting vertex x with vertex x. 
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The minimum route of μmin(xp, xk) is one that 

F(μmin
j(xp, xk) = minF(j(xp, xk)) S = <G, Ø, {lj(u)}> (4) 

where: 

G - graph, 

lj(u) - actual function defined on the arc set. 

Aircraft wishing to perform the take-off operation must provide the information 

necessary to choose the optimal taxiway. The calls are arranged from the earliest 

TOBT, TLD to the latest. The aircraft’s call for take-off is as follows: 

Zs = <xp , r, TOBT, xk,,  b> (5) 

where: 

xp – starting point, parking point, 

r - type of aircraft, 

TOBT - target time to leave the block, 

xk – end point, starting point on the runway, 

b - runway intended for the take-off operation. 

A priority is assigned to aircraft call so that the priority of the aircraft with earlier 

readiness to leave the block TOBT has a lower priority factor. 

TOBTs < TOBTs+1   ⇒ ps < ps+1  (6) 

where: 

TOBTs , ps    Zs , TOBTs+1 , ps+1  Zs+1 

Each aircraft call is also increased by the shortest taxiway it will take from the xp 

parking position to the xk runway point. 

Ds (xp , xk ) = μmin
j
 (xp , xk)  dla rs = j , rs  Zs (7) 

The same procedure is performed for reported landings. 

D l (xp , xk ) = μmin
j
 (xp , xk ) dla rl = j,  rl  Zl  (8) 

Then the TTOT is calculated for the taking off aircraft 

TOTTs = TOBTs +  ,  for   (9) 

dis(xa ,xb )  Ds(xp , xk )    (10) 

where: 

dis(xa ,xb ) - distance between points xa and xb 
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and TOBT 

TOBTl = TLDTl +  (11) 

2.2 Aircraft Taxiing 

The captain of the aircraft that is approaching the landing receives instructions 

from the air traffic controller about the runway in use and the taxiing route to the 

parking position. The aircraft may ask for “Follow Me”, service assistance, during 

taxiing for smooth docking to a parking position. In a situation of increased air 

traffic, the captain is asked to leave the runway as soon as possible to allow the 

next air operation [17]. 

An aircraft ready to start taxiing notifies the air traffic controller and waits for a 

taxi permit. The aircraft captain receives a complete taxiing instruction containing 

guidelines on taxiways and possible collisions with other traffic participants on the 

maneuvering area. When the path designated by the traffic controller leads 

through the runway (intersection), the controller must give prior consent to taxiing 

through the intersection or provide instructions to wait [9]. 

The aircraft may only taxi on the runway in use with the consent of the air traffic 

controller. Such an operation is performed in order to speed up the air operation. 

In the case of operations where visual control of the air traffic controller over the 

aircraft is not possible, the captain of the aircraft must inform the controller of his 

characteristic positions. 

Special procedures may occur at airports, which are related to infrastructure 

restrictions on aprons and taxiways. 

Taxiing is one of the most important stages of designing and implementing the 

departure system at a given airport. The taxi procedure is initiated when the 

aircraft is pushed back to the taxiway, the engine(s) are turned on and the captain 

of the aircraft receives permission to taxi [18]. The end of taxiing time is 

considered to be the moment when the aircraft takes its position on the runway to 

perform the take-off operation. Taxiing time is determined by three main 

unknowns, that is: aircraft type, aircraft weight, taxiway (defined as start point, 

intermediate vortices and end point) [12]. 

The type of aircraft (large, medium, small) affects the taxiing speed and the choice 

of taxiways (restrictions related to the width of the main landing gear, wingspan, 

etc.). The weight of the aircraft mainly influences the taxiing speed, while the 

taxiway influences the distance traveled by the aircraft. 
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Table 1 

Values of taxiing times in example period at the Chopin Airport 

 

The allocation of the taxiway may be related to indirect factors resulting from 

congestion, deicing, the location of the parking position and starting point on the 

runway [9]. Identification of taxiing times is necessary to analyze the impact of 

infrastructure on the efficiency of operations. 

Table 1 shows examples of data allowing to identify taxiways at a given airport. 

The data included information on the take-off point, runway in use, aircraft type, 

as well as the times of leaving the block, aircraft take-off and STOT scheduled 

take-off times. 

Calculation of the actual taxi time Ttx is the difference between the current 

moment of take-off and the moment the aircraft leaves the block. 

Ttx = ATOT – AOBT  (12)  

Theoretical taxiing time Teo can be obtained by assuming average speeds for the 

appropriate aircraft type Vk = {V1 – 24km/h, V2 – 28km/h, V3 – 32km/h} 

over the distance between xp and xk. 

Teo=  
k

Kp

V

XXDis ),(

 (13) 

For the analysis of individual taxiing times of an aircraft, the condition was 

assumed that the route the aircraft taxied was the shortest possible [23]. Thanks to 

this assumption, having at our disposal only the start and end point of the route 

taken by the aircraft (considering the infrastructure network is available), we can 

calculate the length of the route taken by the aircraft [19]. 

For each type of aircraft (large, medium, small) the taxiing speed has been 

assigned, which is necessary to calculate the theoretical taxiing time. The taxiing 

speed of an aircraft on the taxiway is not defined (in value) by any procedure 

(there is a possibility to impose restrictions by the airport traffic controller) [24]. 
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Table 2 

The results from at the Chopin Airport 

 

The results obtained (Table 2) indicate that aircraft traffic on taxiways was 

disturbed by the influence of other aircraft. The actual taxiing time was 

significantly different from the theoretical one. The calculated values also show 

the effect of the taxiing time on the deviation of the current start time from the 

scheduled start time. 

Two reasons for the observed delays can be distinguished. The main reason, with 

a 62% degree of delay to total delay, is that the aircraft leaves the block too late, 

which may be due to long passenger service or aircraft maintenance. 

The delay associated with taxiing an aircraft on the maneuver area is 38% of the 

total delay. This is a very important conclusion, because it proves that not only the 

area of aircraft service after leaving the block (choice of routes, procedures, etc.) 

should be optimized, but also the areas related to passenger service (boarding 

method) or aircraft maintenance (earlier refueling, larger reserve of maintenance 

equipment, etc.) [20]. 

In order to better illustrate the problem of taxiing times, the discrepancies with 

other aircraft have been distinguished from the calculated taxiing times which can 

be directly compared. The comparison is only possible if the parking spaces are 

located a short distance from each other and the taxiing was to the same runway. 

There are many methods to solve the problem of the shortest route between 

vortices in a directed graph. The most popular algorithms for determining 

minimum routes include the Bellman Ford, Dijkstra or dynamic programming 

algorithms [25]. The Bellman Ford algorithm, unlike the Dijkstra algorithm, 

allows to determine the route in the directed graph when the arc weights in the 

graph are negative [26]. Both algorithms are similar in terms of procedure, simple 
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to implement, but unfortunately time-consuming because they determine the 

shortest routes from the starting vortex to all other ones. The algorithms using 

dynamic programming are based on reasonable decision making that gives the 

best possible results. The algorithms are based on one-off decision making, 

selection of the shortest route from among the permitted routes (meeting the task 

requirements, but not the specified function - minimum route). 

Analyzing the route of aircraft movement from parking position no. 12 to runway 

RWY29 (Fig. 1), it should be pointed out that this position was usually used by 

wide-body aircraft. Based on the taxiway diagram and selected taxiway 

characteristic points, a directed graph was created (Fig. 1). 

Dijkstra's algorithm is to create two sets of vortices P and K. The sum of these sets 

at each stage of the algorithm must be equal to the main set of vortices of graph V. 

The P set is initially empty K=Ø and the P set contains all vortices P=V.        

Then, tables of all vortices in the graph are created from d(v) - the length between 

the vortex and the starting point, and p(v) of the predecessor on the route [21]. 

The algorithm consists in attaching to the K set at the beginning of the initial 

vortex, and in subsequent iterations, successors/neighbors of the last added vortex 

from the P set, bearing in mind that the sum of these sets must be V. 

The P set is searched for neighbors of a newly added vortex and dependency is 

examined: 

d(pi) > d(kj) + d(pi,kj) 

If the condition is met, the table is filled in: 

d(v=pi) = d(kj) + d(pi, kj) and p(v=pi) =kj 

where: 

d(pi) – length to point pj, vortex pi belongs to set P, 

d(kj) - length to point kj, vortex kj belongs to set K, 

d(pi,kj) – value on arc (pi, kj). 

Table 3 

The shortest routes at the Chopin Airport 

V 1 2 3 4 5 6 7 8 9 10 

d(v) 0 150 345 495 885 1045 1045 1840 2195 2415 

p(v) -1 1 2 3 3 4 5 7 8 9 

The end table (Table 3) shows the shortest routes from point 1 to the given 

vortices in the graph, and specific routes. The solution of the problem, the shortest 

route from vortex 1 to vortex 10, illustrating respectively the parking position no. 

12 and the point on the runway RWY29, is a minimum route of 2415m and route 

109875321 which corresponds to taxiways M2M3E2E. 
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2.3 Calculation of the Maximum Number of Aircraft for Take-

off Operation 

There is a possibility of more than one take-off operation in the Tp time interval, 

so the theoretical maximum number of take-off operations Nmax in the "free 

runway" interval is calculated. 

Nmax =      + 1 , where Nmax   (14) 

Calls of aircraft from gf groups may cause the phenomenon of pushing the aircraft 

back in such an order that a taxiway conflict is created. TOBT times may be mis-

sorted and the separation between take-offs may not be maintained. In order to 

prevent such phenomena, TOBT time is sorted into groups and separations 

between operations are set. 

In the set gf = {Z1,Z2,Z3,…,Zs,…,ZV} a procedure is performed to sort the target 

take-off times so that a potential group of aircraft taking off can perform this 

maneuver safely, with the separation maintained. 

TTOTf-1  TTOTf + Tss  TTOTf+1 + Tss … TTOTV  + Tsl   (15) 

By adding the delay time To make the above property happen. 

TTOTf-1  TTOTf + Tss   To = TTOTf-1 - TTOTf - Tss        (16) 

If new TTOTf  have been created in gf groups it is required to check the last 

aircraft order for take-off, whether the new last TTOTV time in the group is within 

the Tp range. 

TTOTV  + Tsl  TLDTl+1       (17) 

All groups for which the above condition is not met are rejected and not taken into 

account in subsequent stages of the algorithm. After changing the TTOT times in 

groups, the TOBT time of the aircraft call is also updated by adding the same 

delay that was added to To, the TTOT time. Calculations of aircraft characteristic 

times in gf groups for all points on the way of the report Ds (xp , xk). Time at point 

xa of the reported aircraft s belonging to group f, on its route to runway Ds (xp , xk). 

Tdsf(xa)  = TOBTsf +          (18) 

where: 

Df (xp , xa)  Ds (xp , xk)       (19) 

For arriving aircraft, times at characteristic points are also calculated. 

Tal (xa)  = TLDTl +         (20) 
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Tal (xa) - time at point xa of the landing aircraft l, on its route from the runway to 

the parking position Dl (xp , xk). 

where: 

D (xp , xa) Dl  (xp , xk). 

Aircraft on the same taxiway may taxi provided that adequate time separation is 

maintained. Therefore, it is necessary to ensure that in gf groups during taxiing, 

there is no conflict with a reported aircraft from the group or with a taxiing aircraft 

that has landed. To prevent such a phenomenon from occurring, dependencies are 

checked: 

Td(s-1)f(xa)  ≠  Tdsf(xa)  ≠  Tal (xa)  ≠  Tal+1 (xa)       (21) 

where: 

xa  Ds-1(xp,xk)   Ds(xp,xk)    Dl(xp,xk)    Dl+1(xp,xk) 

and 

Td(s-1)f(xa), Tdsf(xa),…, TdVf(xa)  <Tal(xa) – Tsk ; Tal(xa)  + Tsk>        (22) 

Td(s-1)f(xa), Tdsf(xa),…, TdVf(xa)  <Tal+1(xa) – Tsk ; Tal+1(xa)  + Tsk>       (23) 

where xa  Ds-1(xp,xk) Ds(xp,xk) Dl(xp,xk)   Dl+1(xp,xk) 

Restriction due to taxiing aircraft that have landed and are taxiing to a parking 

position. And a limitation due to possible aircraft taxiing to the threshold of the 

runway: 

Td(s-1)f(xa)  <Tdsf(xa) – Tsk; Tdsf(xa)  + Tsk>   

Tdsf(xa)  <Td(s+1)f(xa) – Tsk; Td(s+1)f(xa)  + Tsk> 

… 

Td(V-1)f(xa)  <TdV)f(xa) – Tsk; TdV)f(xa)  + Tsk>      (24) 

where: 

xa  Ds-1(xp,xk)   Ds(xp,xk) DV+1(xp,xk)   DV(xp,xk) 

When the above dependency is not met, delay To2 is added to time Tdsf(xa) so that 

the dependency for all points, calls in a given gf group is fulfilled. The To2  time is 

added to the conflict aircraft, which is further in the gf group (has a larger f index), 

and to the other aircraft further in the group. 

Tdsf(xa) <Td(s+1)f(xa)–Tsk; 

Td(s+1)f(xa) + Tsk> Td(s+1)f(xa)  + To2, Td(s+2)f(xa)  + To2,…, TdVf(xa)+To2 (25) 
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After adding the To2 time the taxiing restrictions are checked again. Subsequently, 

the added To2 delays are also added until the TOBT and TTOT of a given aircraft 

in gf group are called. 

The newly developed TTOT is checked again by the following condition: 

TTOTs Tp 

If a call in a newly created group or a group that does not need to be corrected by 

To2 time, the above dependency is not met, the gf group to which the request 

belonged is not taken into account in the next stage of the algorithm. 

All gf groups meeting the condition create a new set Gfinal. 

Gfinal = { g1,g2,g3,g4,g5,…,gf}       (26) 

where: 

g1,g2,g3,g4,g5,…,gf  - meets the conditions for taxiing 

In gf groups meeting all conditions for taxiing, the sums of priority coefficients are 

calculated in order to select the most priority groups with the lowest delay in 

relation to old and new TOBT. 

Pr(gf ) = , for    ps  Zs   Zs  gf       (27) 

In addition, the Wo(gf) delay indicator is calculated for each gf group. 

Wo(gf) =    ,  for    To , To2 , To3  Zs   Zs  gf (28) 

At the current stage of the algorithm, groups that meet taxiing conditions are taken 

into account and group priorities - Pr(gf) and delay indicators - Wo(gf) have been 

calculated. The group that will be allowed to be pushed back will be the group that 

meets the conditions that among the Gfinal group - all calls meeting the taxiing 

condition, a group or a set of groups is selected: 

Max { ,  , ,… } = Gmaxnumb       (29) 

where: 

g1,g2,g3,g4,g5,…,gf   Gfinal 

Gmaxnumb  - a set of calls with a maximum number 

and 

MIN { Pr(g1 ), Pr(g2) , Pr(g3 ) , … , Pr(gf )  } = Gmaxnumb/priority       (30) 

Gmaxnumb/priority – represents a set of calls with a maximum number and minimum 

priority indicator. 

where: 

g1,g2,g3,g4,g5,…,gf   Gmaxnumb 
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If there is only one group with the above parameters, calls included in these 

groups are accepted for pushback, with the TOBT time that is dedicated (corrected 

or not, by the algorithm) to the call. All other calls that have not received 

permission for pushback, have the delay To3 added to their times, so that: 

TOBTs + To3 < TLDTl+1 + T(bd) ; TLDTl+2  - Tsl  >      (31) 

for bd = bl  ,  bl  Zl+1 

When there is more than one group, after checking the above dependencies, the 

group is selected which: 

MIN {Wo(g1), Wo(g2), Wo(g3), Wo(g4),…, Wo(gf)} = gwyp     (32) 

where: 

g1,g2,g3,g4,g5,…,gf   Gmaxlicz/priority 

One group with the above parameters is accepted for pushback, with the TOBT 

time that is dedicated (corrected or not, by the algorithm) to the call. All other 

calls that have not received permission for pushback, have the delay To3 added to 

their times, so that: 

TOBTs + To3 < TLDTl+1 + T(bd) ; TLDTl+2  - Tsl  >     (33) 

for bd = bl+1  ,  bl+1  Zl+1 

After allowing a given group to be pushed back, the algorithm is resumed for 

subsequent air operations, from the beginning, but the existing aircraft calls retain 

their priority value. 

Conclusions 

The proposed algorithm for the aircraft pushback sequence, limits the amount of 

exhaust emissions into the atmosphere, because it assumes that the selected route 

of an aircraft, from the parking position to the runway, is the shortest and the 

movement of the aircraft is without unnecessary stops, waiting time and the delays 

associated with the movement of other aircraft on the maneuver area. The main 

purpose of the algorithm is to increase the capacity of the maneuvering area, by 

improving the capacity factor specified in the Official Journal of the European 

Union (the difference between the ordered time and the actual take-off). 

The proposed aircraft departure system can provide a minimum taxiway from the 

parking position to the runway. The conditions imposed on the aircraft call 

groups, guarantee the smooth execution of operations and the absence of 

disturbances to the other traffic participants, in the maneuvering area. Selecting 

the maximum group ensures the maximum operational use of the slot. 

The system completely eliminates the queuing phenomenon, because the inclusion 

of an aircraft in traffic is only possible, if there is a possibility to perform take-off 
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or deicing operations, at the designated time of arrival, of the aircraft. Thanks to 

the exchange of information in real time, the system can react dynamically to the 

traffic situation in the maneuvering area and significantly improve the operational 

preparation of the individual partners, involved in the aircraft service. One of the 

effects of the departure system is the relief of the air traffic controller. 

The air traffic controller, having the information provided by the system, receives 

hints concerning the minimum taxiing route for the aircraft, which reduces the 

activities performed and analysis made before giving permission to taxiing, take-

off or start the aircraft engines. 

From the analyzed times for leaving the blocks, it can be seen that most of the 

aircraft, that received permission for pushback to the taxiway, received them after 

a scheduled time. The delay resulting from the late pushback of an aircraft, to the 

taxiway, accounts for, as much as, 62% of all delays. This delay is due to the 

aircraft’s readiness to taxi. Many operations can contribute to the delay, as before 

pushback, an aircraft is handled by a handling agent, who loads the baggage, 

boards the passengers and pushes back the aircraft itself. An aircraft is also 

checked by its Captain, before each take-off and refueling the aircraft is also 

possible. 

All the above mentioned operations can be shortened with improved operational 

preparation, resulting from the information provided herein. A properly 

functioning information exchange platform, described in A-CDM makes it 

possible to perform the operations, preceding the aircraft pushback to the taxiway, 

in a way, that minimizes delays. 
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