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Abstract: In order to reduce the taxiing time of departing aircraft and reduce the fuel consumption
and exhaust emissions of the aircraft, Shanghai Hongqiao Airport was taken as an example to study
the control strategy for aircraft departure. In this paper, the influence of the number of departure
aircraft on the runway utilization rate, the takeoff rate, and the departure rate of flight departures
under the conditions of airport runway capacity constraints are studied. The influence of factors,
such as the number of departure aircraft, the gate position of the aircraft, and the configuration
of airport arrival and departure runways, on the aircraft taxiing time for departure is analyzed.
Based on a multivariate linear regression equation, a time prediction model of aircraft departure
taxiing time is established. The fuel consumption and pollutant emissions of aircraft are calculated.
The experimental results show that, without reducing the utilization rate of the runway and the
departure rate of flights, implementing a reasonable pushback number for control of departing
aircraft during busy hours can reduce the departure taxiing time of aircraft by nearly 32%, effectively
reducing the fuel consumption and pollutant emissions during taxiing on the airport surface.

Keywords: aircraft; taxi time; takeoff rate; pushback control; green transportation; carbon emissions;
reducing carbon emissions

1. Introduction

With the rapid development of air transportation, the number of flights at major airports in China
has been increasing, making airport surface runways congested. This, in particular, causes the aircraft
on airport surfaces to take a long time to taxi, and an excessive number of flights to wait in line at the
entrance to the runway. Due to premature pushback of aircraft and waiting on crowded taxiways,
an additional 10–20 kg of fuel consumption is added for each additional minute of taxi time [1,2],
resulting in an increase in aircraft exhaust emissions affecting the air quality around the airport.

A series of studies have been conducted by scholars at domestic and foreign terminals to control
the number of aircraft departing from airport surfaces and reduce the congestion time in aircraft
taxiing. In 2007, Balakrishnan H and Jung Y [3] studied the airport surface operation of Dallas–Fort
Worth airport by establishing an integer programming model. This study shows that using the
method of delaying the pushback time of departing aircraft can reduce the number of airport surface
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taxiing aircraft and reduce congestion, thereby reducing the average taxiing time of departing aircraft,
and using airport surface aircraft taxiway optimization methods can significantly reduce the waiting
time for aircraft crossing the runway, thereby reducing the average taxiing time of arriving aircraft.
In 2009, Simaiakis I et al. [4] analyzed the key factors affecting the taxi time of departing aircraft. Taking
the Boston International Airport (BOS) as an example, a forecasting analysis of the departure taxiing
time of aircraft was made, and a queuing theory model based on the departure process of aircraft
was proposed. Using this queue-pushback strategy for departing aircraft can reduce the departure
taxiing time and, thus, reduce aircraft pollutant emissions. In 2010, Jung YC et al. proposed the Spot
Release Planner (SRP) and Runway Scheduler (RS) [5]. The SRP aims to reduce an aircraft’s taxiing
time by keeping the runway productivity at the maximum level by sorting the order of departure of the
departing aircraft on the apron and controlling the pushback time of each aircraft to control the time that
the aircraft enters the maneuvering area. The RS is designed to sort and time-allocate departing aircraft
and arriving flights across the takeoff runway to achieve maximum runway utilization. Jung YC et al.
combined the proposed two strategies to optimize the operation of busy airport surfaces. In 2010,
Lee H [6] proposed two ways to optimize the operation of airport surfaces: delayed pushback and
path optimization. Delayed pushback refers to the control of off-board aircraft that is applied during
an airport congested period to control the airport’s congestion. The path optimization optimizes the taxi
path of all aircraft at the airport based on the delayed pushback. With the application of airport surface
monitoring equipment, it makes it possible to analyze the airport surface trajectory of the aircraft in
detail using the airport surface monitoring data. In 2011, I. Simaiakis et al. [7] applied Airport Surface
Detection Equipment Model-X (ASDE-X) data from the monitoring equipment at Boston International
Airport. They considered the impact of the airport runway configuration, the different type series
in the fleet, meteorological conditions, and other factors on the airport runway capacity. A study
on aircraft pushback rate control at the airport was conducted. In 2013, S Ravizza [8] and others
calculated the required taxiing distance, the total steering angle, the type of departing and arriving
aircraft, the number of aircraft in operation on the airport surface, the usage configuration of departure
and arrival runways, and the position of the gate. The establishment of a multiple linear regression
model helped to provide a more accurate prediction of the aircraft into and out of the required taxi
time. In 2015, Tang Y [9] elaborated on the concept of the Advanced Surface Movement Guidance
and Control System (A-SMGCS) proposed by International Civil Aviation Organization (ICAO) in his
doctoral dissertation and conducted a comprehensive study on an aircraft’s initial taxi route planning,
real-time optimization of aircraft taxiing routes, and A-SMGCS three-dimensional (3D) simulation.
In addition, Xiangling Z et al. [10] studied the issue of virtual pushback queues for departing flights
at the gate position and the issue of decision-making for collaborative pushback of departing flights.
In 2016, Nan L and Hongzhe L [11] analyzed the surveillance data of Hongqiao Airport, used support
vector machines to classify and determine the trajectory of taxi aircraft, and applied data mining
technologies to the prediction of airport surface aircraft taxi time, the determination of airport surface
taxi hotspots, and conflict zone determination.

Under the same runway configuration conditions, as the number of aircraft pushback into the
apron and taxi systems increases, more flights are added to the takeoff queue, resulting in a gradual
increase in runway utilization and departures from flights. However, due to the effect of aircraft wake
spacing, when a certain number of taxiing departing aircraft is reached, the runway capacity becomes
the limiting factor and the number of taxiing departing aircraft will continue to increase. The runway
utilization rate and takeoff and departure rate of flights will only tend to change smoothly. Therefore,
in practice, the tower controllers are more concerned with a reasonable number of departing aircraft
operations in a given runway usage configuration. This paper uses the airport surface monitoring data
from Shanghai Hongqiao Airport to study the influence of the number of different departing aircraft
within the apron and taxi systems on the takeoff and departure rate of the flights, the departure taxiing
time, and the runway utilization rate under runway capacity constraints. A departure time prediction
model for departing aircraft is established. A reasonable control strategy is implemented for departing
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aircraft within the busy airport departure period without reducing the operating efficiency of the
runway, thereby reducing the aircraft departure taxiing time and reducing aircraft fuel consumption
and pollutant emissions.

2. Airport Surface Operation Data Analysis and Definition

2.1. Airport Surface Monitoring Data Analysis

While the airport surface monitoring system assists controllers in performing aerodrome control
services more safely and efficiently, the equipment also records real-time aircraft trajectory data.
The aircraft movement trajectory data recorded by the airport surface monitoring system includes
a time stamp and the aircraft’s position, altitude, speed, and so forth, and by combining these with the
airport topology data, we can identify the operational status of the aircraft, such as its pushback, taxiing,
takeoff, and landing; calculate parameters, such as taxi distance and taxi time; identify the taxi path;
and provide a data foundation for studying aircraft airport surface operation and optimization [12,13].

Through the data analysis of the Shanghai Hongqiao Airport’s March 2015 airport surface
monitoring system, we have sorted out the full arrival and departure trajectories for flights when using
the 18 L/18 R configuration on the departure and arrival runway (18 L runway for approach and 18 R
runway for departure calculated as two complete tracks during the stop-and-depart process).

2.2. Airport Surface Operation Data Definition

Aircraft departure taxiing refers to the entire process of the pushback of the aircraft from the
gate position, the taxiing to the departure runway, and the wait for takeoff. In order to analyze the
operation of airport surfaces, this paper gives the following definitions of the quantitative indicators
for measuring airport surface operations:

1. Departure taxiing time: the total time of the aircraft’s pushback from the parking position to the
time of taxiing to the departure runway, including the aircraft’s pushback, apron and taxiway
taxiing, and the holding time the entrance of the runway (unit: minute).

2. Number of airport surface aircraft: the total number of departing and arriving aircraft taxiing
(including taxi wait) or undergoing pushback in the apron and taxiway systems (unit: flight).

3. Number of departure aircraft: the number of departing aircraft that are taxiing (including the taxi
wait) or undergoing pushback in the apron and taxiway systems (unit: flight).

4. Runway utilization rate: the ratio of the length of time the runway is accumulatively occupied
over a period of time to the length of the time period of the calculation.

5. Takeoff and departure rate of flights: the number of departing aircraft per unit of time (unit:
flights/minute).

When calculating the runway utilization rate over a period of time, first of all, it is necessary to
find out the total time taken for the runway to be occupied during this period. In general, the time
spent on the following operations of the aircraft is accumulated into the occupied time of the runway.

6. Takeoff running: the duration from the point where a departing aircraft accelerates for takeoff on
the runway until the aircraft’s landing gear tires are off the ground;

7. Departure waiting: the departing aircraft waits for takeoff clearance on the runway;
8. Final Approach: the duration from an arriving aircraft’s being at its final approach phase of

2.5 nm (nautical miles) from the runway’s end to the landing of the aircraft on the runway;
9. Landing: the duration of an arriving aircraft’s starting to land to when it is off the runway;
10. Cross-taxi: the aircraft crosses over the runway.

For an airport with only one runway, when calculating the runway utilization rate of the airport,
the cumulative time of the five operations (6)–(10) of the aircraft needs to be taken into account as the
occupied time of the runway.
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For airports with multiple runways, if aircraft arrivals and departures run on different runways,
the time taken on the departure runway will only take into account the aircraft operations (6), (7),
and (10), and only the aircraft operations (8)–(10) need to be considered when the approach runway
is occupied.

3. Runway Capacity Analysis

This section applies the airport surveillance data to analyze the actual airport operational data.
Hongqiao Airport is a narrow-distance, dual-runway airport; 18 L is mainly used for arrival, 18 R is
mainly used for departure, and its taxiway system network is shown in Figure 1.
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3.1. Runway Utilization Rate Analysis

This paper analyzes the main runway configuration of Hongqiao Airport, namely the 18 L
approach and the 18 R departure configuration. Figure 2 shows the relationship between the
utilization of the departure 18 R runway and the number of departing aircraft on the airport surface.
The calculation of the runway utilization rate is based on a statistical period of every 15 min, because
the number of departing aircraft on the airport surface changes slightly every 15 min and this can
avoid statistical errors caused by excessive changes in the number of departing aircraft. Additionally,
a 15 min statistical period is not too short and the average runway utilization rate can be calculated
during this period so as to avoid statistical errors due to excessive statistical fluctuations caused by the
statistical time being too short.
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The horizontal axis in Figure 2 shows the number of departure aircraft on the airport surface and
the vertical axis shows the runway utilization rate of 18 R. It can be seen that when the number of
departure aircraft on the airport surface is N ≤ 6, the number of aircraft departing the airport surface
at this time is small, and the runway utilization rate of the departure runway 18 R increases with the
number of airport surface departure aircraft. When the number of airport surface departure aircraft is
N = 7, the runway utilization rate is already close to 1, indicating that under the operating scale of the
number of departing aircraft, the 18 R departure runway has been basically used efficiently. When the
number of departure aircraft in operation on the airport surface is N ≥ 8, the runway utilization
rate fluctuates at a value close to 1, indicating that the departure runway 18 R is continuing to be
used efficiently.

3.2. Analysis of Flight Takeoff Rate

Figure 3 shows the takeoff rate of flights from departure runway 18 R as a function of the number
of departure aircraft on the airport surface. The takeoff rate statistics for the runway are also based
on a 15 min statistical period, and then the takeoff rate average of each departing aircraft quantity
is calculated.
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When the number of departing aircraft is N ≤ 6, the number of departure aircraft on the airport
surface at this time is small, and the number of arriving and departing flights per unit of time increases
with the increase in the number of departure aircraft on the airport surface. When the number of
departure aircraft is N = 7, the takeoff rate of flights has reached its maximum. Correspondingly,
from Figure 2, it can also be seen that the runway utilization rate is close to 1, indicating that the
arrival and departure of the flights began to be restricted by the runway capacity; the arrival and
takeoff rates of flights reach 0.52 flights/min (31 flights/h). When the number of departure aircraft
on the airport surface is N ≥ 9, the takeoff rate of flights calculated by the statistics shows a slight
downward trend. However, this does not simply indicate that the takeoff rate will decrease when the
number of departure aircraft on the airport surface is large in correspondence with Figure 2. When the
performance is N ≥ 9 compared to N = 7–8, the runway utilization is also close to 1, indicating that the
runway is still fully utilized. However, the percentage of waiting time for the aircraft at the runway’s
end increases when N ≥ 9 in Figure 2 compared with the case when N = 7–8, indicating that the
decrease in the takeoff rate is due to the increase in the holding time for takeoff at the runway’s end.
Through further analysis of the arrival and departure flight data, it was found that because the double
runways of Hongqiao Airport are narrow parallel runways, the arriving and departing aircraft of
the two runways cannot take off and land at the same time because of the aircraft wake spacing.
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This means that the two runways cannot operate independently. Therefore, the continuous arrival
of multiple aircraft will affect the aircraft taking off, resulting in a decrease in the takeoff rate of the
runway 18 R and a cumulative increase in the number of departure aircraft on the airport surface,
such as the number of departure aircraft on the airport surface reaching 12. This situation is reflected
in the performance of N ≥ 9 in Figures 2 and 3. Although the takeoff rate of flights has decreased,
the percentage of time that an aircraft is waiting to take off at the runway entrance has increased in the
runway utilization histogram.

Figures 2 and 3 can be summarized as follows: in the fixed runway configuration, the number of
departure aircraft that undergo pushback into the apron and taxiway systems increases as more flights
are added to the takeoff queue. The runway utilization rate and takeoff rate have gradually increased.
However, aircraft takeoff will be limited by the time interval. When the number of departure aircraft on
the airport surface reaches a critical value or if the number of departure aircraft on the airport surface
continues to increase, the runway capacity will become a limiting factor. The runway utilization rate
and the takeoff rate will only tend to have stable fluctuations and will no longer increase significantly.

4. Aircraft Departure Time Prediction

4.1. Factors Affecting Departure Taxiing Time

Analysis of the departure taxiing process shows that the aircraft departure taxiing time is related
to the airport current runway configuration, the gate of the aircraft apron, and the congestion status
of the departure taxiway through the apron and the taxiway systems. Under certain runway usage
configurations, the influence of the gate of the apron on the taxi time of the departing aircraft can be
expressed by a taxi distance parameter. The influence of the apron and taxiway systems’ congestion
conditions on the taxi time of departing aircraft can be expressed by the parameter of the number of
aircraft on the airport surface.

Through the data analysis of the Shanghai Hongqiao Airport March 2015 airport surface
monitoring system, we select the flights in UTC time 04:00–06:00 (Local Time 12:00–18:00), which is the
busy time. The full sample contains 1469 departure flights and 1399 arrival flights. The data in Table 1
summarizes the statistics for the departure flight sample.

Table 1. Summary of Statistics for the departure flight Sample.

Mean Median Standard
Deviation Max. Min.

the Departure Taxiing Time (Minutes) 16.32 14.19 7.05 30.94 2.73
the Number of the Departure Aircraft (Flights) 5.90 6 2.55 11 1

the Taxiing Distance (Meters) 2232.37 2278 458.06 3055 1005

4.2. Impact of the Number of Aircraft on the Airport Surface

Figure 4 is a scatter plot of the departure taxiing time of aircraft and the number of aircraft on the
airport surface when each aircraft underwent pushback on 9 March 2015, UTC time 4:00–6:00. From the
scatter plot, it can be clearly seen that the departure taxiing time of aircraft gradually increases with
the increase in the number of aircraft on the airport surface.
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Figure 4. The scatter diagram of the relationship between the departure taxiing time and the number
of aircraft.

Considering that there are large differences in the taxi path between the arriving and departing
aircraft, the number of arriving aircraft has little influence on the taxiing time of the departing aircraft.
Therefore, all the arriving aircraft in the statistical data of Figure 4 are excluded and the scatter plot of
the departure taxiing time of aircraft and the number of departing aircraft on the aircraft surface is
obtained in Figure 5.
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Figure 5. The scatter diagram of the relationship between the departure taxiing time and the number
of departing aircraft.

The linear correlation coefficient between the aircraft departure taxiing time and the number
of aircraft on the airport surface is R1 = 0.62; the linear correlation coefficient between the aircraft
departure taxiing time and the number of departure aircraft on the airport surface is R2 = 0.79.
By comparing R1 and R2, it is shown that the aircraft departure taxiing time has a stronger linear
relationship with the number of departure aircraft on the airport surface at the time of aircraft pushback.
Therefore, the number of departure aircraft on the airport surface can be used as a predictor variable
of the aircraft departure taxiing time.
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4.3. Effect of Aircraft Departure Taxiing Distance

The effect of the airport runway configuration and an aircraft’s gate position on the aircraft's
departure taxiing time is reflected in the distance required for the aircraft to taxi from the apron to
the takeoff runway entrance. Figure 6 is the scatter plot of the aircraft departure taxiing time and the
required taxi distance for departure on 9 March 2015, UTC time 4:00–6:00. From the scatter plot, it can
be seen that the departure taxiing time increases gradually with an increase in the taxiing distance.
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Figure 6. The scatter diagram of the relationship between the flight taxi time and the taxi distance.

In apron and taxiway systems, the aircraft generally taxis at a low and uniform speed. Therefore,
under an ideal no-taxiing-collision condition, when the aircraft is taxiing at a constant speed, the taxiing
time is positively related to the taxiing distance. The linear correlation coefficient between the aircraft
departure taxiing time and departure taxiing distance is R3 = 0.77. This indicates that the aircraft
departure taxiing time and the departure taxiing distance have a strong linear relationship. Therefore,
the aircraft departure taxiing distance can be used as a predictor of aircraft departure taxiing time.

4.4. Departure Taxiing Time Prediction Model

The aircraft departure taxiing time T can be divided into two parts:

T = ttw + tc, (1)

where ttw represents the time taken by the aircraft to taxi from the apron to the departure runway
without conflict, and the magnitude of the value is related to the taxiing distance d; and tc indicates the
amount of time spent escaping and waiting for each aircraft during the taxiing process due to mutual
influence. The magnitude of the value reflects the degree of airport congestion and is related to the
number (N) of aircraft departures on the airport surface.

From the analysis in the previous section, the departure taxiing time of aircraft is linearly related
to the number of aircraft departing the airport surface and the departure taxiing distance. Table 2
shows the correlation data. According to the correlation coefficient r of the independent variable,
when r is close to 1, there is a strong linear relationship between the two independent variables.
It represents only a judgment on collinearity between two independent variables. Therefore, multiple
linear regression models could be used to predict the aircraft departure taxiing time.
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Table 2. Correlation Data.

the Number of
Departure Aircraft the Taxiing Distance

the Number of Departure Aircraft 1 0.66551
the Taxiing Distance 0.66551 1

The multiple linear regression equation can be expressed as

y = m(x1, x2, . . . , xp) + ε, (2)

Since the linear regression assumes that m(x1, x2, . . . , xp) is a linear function of the random
variables (x1, x2, . . . , xp), in this paper, the aircraft departure taxiing time T is linearly related to the
number of departure aircraft on the airport surface N and the departure taxiing distance d. Therefore,
the multivariate linear regression equation expression of the aircraft departure taxiing time prediction
model can be expressed as

T = β0 + β1N + β2d + ε, (3)

In this formula, β0, β1, and β2 are the linear regression coefficients to be solved. For convenience
of description, Equation (3) is represented by the matrix expression below (Equation (4)):

Y = Xβ + ε, (4)

To ensure correct statistics, it is usually necessary to make multiple observations on the
independent variable and the dependent variable corresponding to the independent variable. Assume
that the observation statistics are performed n times, where Y and ε are n-dimensional column vectors,
β is a (p + 1)-dimensional column vector, and the independent variable X is an n × (p + 1)-dimensional
matrix whose first column is all 1. Additionally, take p = 2 corresponding to Equation (3).

In order to obtain the best-estimated vector parameter β, we make the sample Xβ estimation as
close as possible to the observed value Y, making the error term ε as small as possible. Using least
squares estimation, we can see that when β =

(
XTX

)−1XTY, the square of ε-mode

‖ε‖2 = (Y− Xβ)T(Y− Xβ)

=
n
∑

i=1

(
yi − β0 −

p
∑

j=1
xijβ j

)2
(5)

reaches the minimum, so the best linear unbiased estimate is

β̂ = (XTX)
−1

XTY, (6)

The adjusted coefficient of determination R2
Adj can be used to measure how well the model fits

the data. The expression is as follows:

R2
Adj = 1−

n
∑

i=1
(ŷi − y)2/(n− p− 1)

n
∑

i=1
(yi − y)2/(n− 1)

, (7)

In this formula, n is the number of observations, that is, the number of departure aircraft counted;
yi is each observation value of the dependent variable, that is, the ith aircraft departure taxiing time; y is
the average of the dependent variable observations, that is, the average departure taxiing time of the
aircraft calculated; and ŷi is the estimated value of the dependent variable for each observation, that is,
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the multiple linear regression model prediction of the departure time of the ith aircraft. R2
Adj values

between 0 and 1, with values closer to 1 indicating a better fit [14].
To sum up, we assume that the number of airport surface departure aircraft is N and the required

departure taxiing distance is d. Equations (3) and (6) can then be used to obtain the fitting prediction
formula for the aircraft departure taxiing time T as

T = −8 + 1.35N + 6.9d, (8)

Table 3 shows the parameters of the multiple linear regression. By Equation (7), the goodness
of fit is described by an Adjusted R2 = 0.835, which shows that the aircraft departure taxiing time
prediction model is reasonable.

Table 3. The tables of the parameters for regression.

Variable Coefficient t-Statistic Sig

C −8.078409 −2.81201 **
N 1.353452 4.748534 ***
d 6.958 4.259463 ***

Sig. indicates if the p-value is 0.05 (*), 0.01 (**), or 0.001 (***).

5. Pushback Strategy for Departure on the Airport Surface

5.1. Implementation of Control Strategies

Taking the departing flight of the No. 2 apron of Hongqiao Airport shown in Figure 1 as
an example, data analysis is conducted to compare the flight departure taxiing time, the runway
utilization rate, and the takeoff rate under different departure aircraft numbers on the airport surface.

When the airport runway configuration is 18 L/18 R, the average departure taxiing distance of
the No. 2 apron departing flight is 2.25 km, and we substitute the taxiing distance into Equation (8).
Thus, the correspondence between the departure taxiing time of the flight and the number of departure
aircraft on the airport surface can be obtained. Then, the corresponding relationship between the
runway utilization rate, the flight takeoff and departure rate, and the number of departure aircraft on
the airport surface can be calculated according to the statistics of Figures 2 and 3. Thus, Table 4 can
be obtained.

Table 4. The operating parameters for different numbers of departure aircraft.

Airport Surface
Departure Aircraft

Number (N)
Taxi Time (min)

Takeoff and
Departure Rate

(flight/min)
Runway Utilization (%)

1 8.87 0.11 32.0
2 10.2 0.21 47.5
3 11.6 0.29 61.5
4 12.9 0.37 72.1
5 14.3 0.43 83.3
6 15.6 0.49 94.0
7 16.9 0.53 98.9
8 18.3 0.53 97.3
9 19.7 0.50 97.0

10 21.0 0.44 98.5
11 22.3 0.42 100

According to Table 4, when the number of aircraft departures on the airport surface is N ≤ 6,
the number of departure aircraft is small and the flight departure taxiing time, runway utilization
rate, and takeoff and departure rate of flights increase with an increase in the number of aircraft
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departures on the airport surface. When the number of aircraft departures on the airport surface is
N = 7, the average departure taxiing time of No. 2 apron flights is 16.9 min, the runway utilization rate
begins to be close to 1, the takeoff and departure rate is 0.53 flight/min, and the flight departure process
begins to be controlled by the runway capacity limits. When the number of airport surface departure
aircraft is N≥ 8, the runway utilization rate and the flight takeoff and departure rate no longer increase,
while the average taxi time of departure flights on the No. 2 apron no longer increases. Therefore,
when the number of airport surface departure aircraft is N ≤ 7, the tower aircraft controller can act in
accordance with the first-come first-service (FCFS) principle based on the pushback request clearance
issued by the flight. When the number of airport surface departure aircraft is N ≥ 8, the controller can
first control the aircraft pushback at the gate position, and then set up a virtual pushback sequence
for these departure flights. When N ≤ 7, the departure flights will be queued according to the virtual
pushback sequence. The implementation of the departure control strategy for the aircraft did not
reduce the runway utilization rate and flight takeoff and departure rate, but it slowed the airport
surface congestion so that the departure taxiing time can be effectively reduced without increasing the
total delay in departure flights.

5.2. SIMMOD Simulation

The SIMMOD software was used to simulate the use of the departure control strategy. SIMMOD
is a discrete-time simulation software released by the U.S. Federal Aviation Administration. SIMMOD
provides dynamic decisions based on user-defined rules, and each process of a flight is controlled
based on user rules. Its performance indicators are: the flight time of the aircraft, the capacity per unit
of time, delays, etc. [15–19].

The SIMMOD simulation model relies mainly on a detailed description of the airport and airspace
network, and the traffic flow moves on the nodes and connections of the network. The operating path
of the aircraft can be specified either by the user or automatically by the Dijkstra Algorithm [20–23].

First, the Computer Aided Design (CAD) map of Hongqiao Airport is imported into SIMMOD to
establish the airport topology map and the waypoints are inputted to establish the arrival and departure
procedures and routes. Then, according to the flight plan of on 9 March 2015, UTC time 4:00–6:00 (local
time 12:00–14:00), the arrival and departure flight information is established. The departure control
strategy simulation is implemented.

The simulation results show that the average wait time of the 52 departure flights was 2.24 min,
the total taxi time was decreased by 119 min, and the maximum waiting time for the gate was 14 min.
As shown in Figure 7, the blue line represents the case where the departure control is not used, and the
red line represents the case where the departure control is used. It can be clearly seen from the figure
that by the use of the departure control strategy, the total departure taxi time is reduced.

The taxi time predicted in Section 5.1 by the Section 4 multiple linear regression prediction method
is basically consistent with the taxi time obtained by the Section 5.2 SIMMOD simulation
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5.3. Analysis of Fuel Saving and Emission Reduction Data

During the busy hours of airport operation, the number of departure aircraft on the airport
surface was controlled at N = 7. Compared with N = 9–11, the runway utilization rate and the takeoff
and departure rate did not change substantially; however, the average departure taxiing time of each
aircraft on the No. 2 apron decreased by 2.8–5.4 min, accounting for 16.7–31.9% of the aircraft departure
taxiing time at this time.

Taking the CFM56-5B4/P engine of the Airbus A320 as an example, the total amount of fuel
oil and pollutant gas emissions consumed for each departing aircraft’s taxiing on the No. 2 apron
is calculated when the aircraft implements different departure control strategies [24,25] as shown
in Table 5.

Table 5. The total fuel consumption and total pollutant emissions of departing aircraft under different
departure control strategies.

Airport Surface Departure
Aircraft Number (N) Fuel Consumption (kg) Pollutants Total Emissions (kg)

6 194.6 6.28
7 210.9 6.81
8 228.4 7.37
9 245.9 7.94

10 262.1 8.46
11 278.3 8.98

As can be seen from Table 2, when the number of airport surface departure aircraft is controlled
to be N = 7, the fuel consumption per A320 departure flight is reduced by 35 kg to 67 kg compared to
N = 9–11. Gas emissions decreased by 1.13–2.17 kg.

For other common aircraft types on the apron, when the airport implements a departure control
strategy with N = 7 during busy hours, the reduction in fuel consumption and total pollutant emissions
per flight is shown in Figure 8.
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From Figures 8 and 9, it can be seen that the fuel consumption and pollutant emissions of each
type are greatly reduced. Therefore, the departure control strategy was adopted during the busy hours
of airport operation, which effectively reduced the fuel consumption during the taxiing stage of the
aircraft and reduced their pollutant emissions.
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6. Conclusions

In this paper, the Shanghai Hongqiao Airport is taken as an example to study the control strategy
for departure aircraft pushback on the airport surface. The influence of the different numbers of
departure aircraft within the apron and taxiway systems on the runway utilization rate and the takeoff
rate was studied under airport runway capacity constraints. Additionally, the influence of factors, such
as the number of departure aircraft in the apron and taxiway systems, the position of the apron, and
the configuration of airport arrival and departure runways, on the departure taxiing time of aircraft
was analyzed. Multiple linear regression equations were used to establish an aircraft taxi departure
time prediction model and the reductions in fuel consumption and pollutant emissions were calculated.
The results show that reasonable control of the pushback of departing aircraft during the airport’s
busy hours can reduce the aircraft departure taxiing time without reducing the runway utilization
rate and takeoff and departure rate of the aircraft, thereby reducing aircraft fuel consumption and
pollutant emissions during the taxiing phase.
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