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Abstract. Aiming at airport refueling vehicle scheduling problem (ARVSP),
the mathematical model with time window constraints is established. Firstly,
considering the distance between refueling vehicle and flight, and in view of the
influence of flight refueling service time windows on service flight selection, an
evaluation function is designed to achieve the least total vehicle distance and the
minimum required vehicle. And then based on the evaluation function, a greedy
algorithm is proposed to solve airport refueling vehicle scheduling problem.
Finally, the correctness and effectiveness of the proposed model are verified by a
practical case of airport refueling vehicle scheduling problem.
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1 Introduction

With the rapid development of the civil aviation industry and airport scale enlargement
in China, the problem of the low efficiency of the airport is becoming more and more
prominent; thus how to respond quickly to basic business in airport operation has
become a key issue to achieve efficient operation of airports. As a key step in ground
support services, ground support vehicles with improper scheduling are likely to cause
flight delays and affect the subsequent missions, which might bring negative effects to
passengers and airports. Therefore, it is economic and socially significant to study the
problem of ground guarantee vehicle scheduling.

Because of the characteristics of computation complexity, multiple objectives,
multiple constraints and dynamic randomness, the scheduling of actual airport ground
support vehicles is a combinatorial optimization problem with NP-hard feature. In
recent years, scholars have been widely concerned the problem, and present many
heuristic algorithms. For example, Norin et al. in [1] present the scheduling model of
scheduling de-icing vehicles, and design a greedy randomized algorithm which mini-
mizes the delay of flights due to de-icing, and the travel distance of the de-icing
vehicles. The experiment demonstrates the effectiveness of the optimal scheduling
model, and the dynamic optimization method is further demonstrated that the optimized
scheduling model can effectively reduce the waiting time of deicing. Cheung et al. in
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[2] aim to minimize the total flow time of the vehicle, and carry out the separate
dispatch of the tractor, the clean water car and the cleaning car. Due to the low
efficiency of airport ground support service, Jie et al. in [3] considered the time window
constraints of the ground service guarantee vehicle scheduling and the different
resource requirements of the vehicle during the service process, and then proposed the
multi-objective mathematical programming model and the two stage heuristic algo-
rithm for solving in the problem. Li et al. in [4] developed an ant colony optimization
(ACO)-based hyperheuristic (ABH) for intercell scheduling with single processing
machines and batch processing machines.

There are mainly two kinds of optimization methods for vehicle scheduling
problem. One is mathematical exact algorithm, the other is heuristic algorithm based on
knowledge information and stochastic characteristics. The most commonly used exact
algorithms include branch and bound algorithm, enumeration method based on
Disjunctive graph model, mixed integer programming model, Lagrange relaxation
algorithm and priority rule scheduling algorithm. Although these algorithms can
guarantee the global optimal solution of the resource scheduling problem, they can only
solve the problems with small scale instead of the problems with large scale in a given
time. For this reason, many scholars study the heuristic algorithms with random
characteristics to solve large scale problems, such as greedy algorithm, simulated
annealing, ant colony algorithm, genetic algorithm [5], particle swarm optimization
algorithm [6] and so on.

The greedy algorithm is an approximate method to solve the optimization problem
[7]. Its basic idea is to refine and improve the quality of the solution of the problem
based on gradient descent direction and heuristic information, which is difficult to
search from the global viewpoint and generally makes local improvement. The exe-
cution process of a greedy choice is an improvement for the solution, and finally the
global solution or approximate optimal solution is obtained through a series of local
optimal selection.

Greedy algorithm is widely used in scheduling problems because it has the char-
acteristics of simple procedure, high efficiency and low time complexity. For example,
a hybrid iterated greedy algorithm for the distributed no-wait flow shop scheduling
problem [8]. A task scheduling algorithm combining greedy algorithm with granularity
control is designed for scheduling problem of structured parallel control mechanism on
cluster system [9].

While considering the influence between the waiting time on the arrival of the
vehicle and the distance between the vehicle and the flight, the optimization model is
given, and an evaluation value function with respect to two greedy strategy is set up so
that the flight with a minimal evaluation value can be taken as the next service object
and the best service process can be searched.

The rest of the paper is as follows. In the second section, the mathematical model of
airport vehicles scheduling optimization is established while considering the total
distance and the number of the vehicles for the scheduling problem of the airport
vehicle. Section three gives the scheduling algorithm based on greedy algorithm. The
fourth part in this paper shows the experimental study and comparative analysis. The
last part outlines the conclusion of the paper and discusses future works.
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2 Airport Refueling Vehicle Scheduling Problem (ARVSP)

2.1 Problem Description

Airport refueling vehicle scheduling problem can be described as follows: There are N
vehicles providing refueling services for M flights. The vehicles starts from the parking
lot and returns to the parking lot when the number of service flights is reached to the
maximum number of the vehicles allowed. Vehicles number set is setto U = {1, 2, 3...
N}, flights number set is P = {1, 2, 3... M}. The capacity of oil required for the flight
i is Q;, and the maximum allowable capacity of each vehicle is Q. Thus the aim of
ARVSP is to plan the service flight sequence of each vehicle. At the same time, the
following conditions are required to meet, a vehicle is only allocated to a flight any-
time, and a flight is only serviced by a vehicle. All flights must be serviced in the
specified time window.

2.2 Mathematical Model

The mathematical model of ARVSP is to determine the scheduling strategy of vehicle
while considering the constraint conditions, so that the total distance of the vehicle
flight service and the number of vehicles to be dispatched are all minimum. The
objective function and constraint conditions in the model are described as follows.

Min  f(x) = [fi(x),f2(x)] (1)
A1 =23 dyyigu (2)
k€U keU keU
f2(x) = Z Z Yok (3)
keu jep
s.t. min Z (Z Vijk — %) (4)
keU \ ieP
minZ(Zleikg>,QZQi (5)
keu \'iep icP
Zyoj,k + Z Zyi,j,k + Zyi,o,k <E,VkeU (6)
JjeP icP jeP icP
> Y 0ik<0,VkeU (7)
icP jep

Ai<Sik<Bi,Vi,j€P,k€U (8)
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Sik 1+ 1 <sp,Vi,j€P ke U 9)
Viox €{0,1},Vie P,k e U (10)
Yojk € {0,1},Vj € P,k e U (11)
xx €{0,1},¥VjePkeU (12)
vijk € {0,1},Vi,j € P,k €U (13)

Where dj; is the distance between adjacent flight served. y; ; , represents the vehicle
k has finished service for the previous flight i and then service for the next flight j. v, ; «
means that a new vehicle & is sent out from parking lot, and begins service for the flight
J- Yiox means that the vehicle k completes service for the flight 7, and exits service. D is
the number of the vehicles sent out. x; is a flag variable. x; is set to 1 if the vehicle
k refuels for the flight i, else x;; is 0. E represents the maximum number of service times
for each vehicle. A; indicates the earliest start time for the service on the flight i. B;
indicates the latest time for the service on the flight i. s;; indicates the time when the
vehicle k arrives at the stop of the flight i. ¢; is time how long it takes for to the vehicle
complete refueling service for the flight i. #; indicates the time of the vehicle from the
stop of the flight i to the stop of the flight j. fix) is the objective function in (1).
Equation (2) indicates the total distance of the refueling vehicle flight service are
minimum. Equation (3) indicates the minimum number of dispatched vehicles.
Equation (4) represents the difference in the number of tasks between each of the
refueling vehicle is minimize. Equation (5) represents the minimum difference for each
vehicle task. Equation (6) means the restraint of service times for each vehicle.
Equation (7) indicates capacity constraint of the refueling vehicle. Equation (8) indi-
cates that all flights must receive refueling service within its specified time window.
Equation (9) translates the end of the previous flight is earlier than the start of the next
flight. Equation (10) indicates the range of y;, x value. y;,, is 1 if the vehicle k starts
from the parking lot for the flight i service. Equation (11) means the range of y,
value. y,;; is 1 if the vehicle k return to the parking lot after serves flight j. Equa-
tion (12) indicates the range of x;, value. x; is equals 1 if the vehicle k provides service
for the flight i. Equation (13) indicates the range of y; ; value. y; ; is 1 if the vehicle
k serves the flight i firstly, and then serves the next flight j.

3 Airport Vehicle Scheduling Algorithm Based on Greedy
Strategy (AVSAGS)

This section firstly gives the idea of the algorithm, then defines the evaluation function
used in the algorithm, and finally describes the process of the algorithm.
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3.1 The AVSAGS Idea

The refueling service of different flights is connected, and the flight service sequences
of the vehicles are planned. In the process of looking for the optimal service sequence,
an evaluation function (VF) is designed while considering the two factors, i.e. the
distance between the vehicles and flight, and the arrival time difference between the
arrival time of the tanker and the upper limit of the flight service time window. A flight
is served by a candidate vehicle with the minimum VF value. In this way we could get
the vehicle scheduling order so that the smallest total travel distance of the vehicle is
obtained. By limiting the maximum number of refueling vehicles, the mission of the
refueling vehicle is balanced, thus the number of refueling vehicles reaches the smallest
value.

3.2 Evaluation Function Index

Two goals of airport vehicle scheduling are considered for the proposed algorithm. The
first goal is to minimize the sum of service distances for the fligh, and the second one is
that times of the vehicles to be sent out is required to be minimized. To make the
vehicle as early as possible for the flight service, it will enable the vehicle to serve more
flights for a period of time, so as to achieve the target of fewer vehicles. The two goals
are relevant, the nearest flight is always served by the same vehicle while considering
time window. Because the two goals are very important which affecting the vehicle
scheduling in actual situations, we propose the evaluation function (VF) to choose the
flight to serve as early as possible while considering time window of flight service. The
evaluation function (W) is defined as follows.

W:djk+OCXTW+ﬁXTd (14)
o Al' — Sik, TW >0
= {y "2 (15)

Td:{sik—A,’, Td>0 (16)

0, T, <0

Where dkj represents the distance between the refueling vehicle and the flight, o
represents the evaluation factor waiting for the refueling vehicle, B represents the
evaluation factor for the delay of the refueling vehicle. Tw indicates the wait time of the
vehicle, Td is the delay time of the vehicle Ai means the earliest time for flight to be
served. Ski represents the time for the vehicle to get to the flight; Eq. (14) defines
evaluation function (W) that considers two factors, i.e., vehicle traveling distance and
delay time. W is used as the standard for evaluating the quality of scheduling strategy.
The smaller of the VF (W) value is, the sooner the selected flight to be served is.
Equations (15) and (16) give computation formula of Tw and Td.
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The AVSAGS Description

Based on the above analysis, the AVSAGS can be described as follows.

Step 1. The departure flights are arranged on the timetable to form the sequence of
services (L;).

Step 2. Taking time window constraints as the criterion, the first flight which has not
been served is selected to check. Calculate the time when the vehicle arrives at the
flight, and if the refueling vehicles do not satisfy the time window [A;,B;], then the
new one is dispatched; and flight service is joined into the vehicle transmission
chain; and go to Step 4. Else continue.

Step 3. If only one vehicle meets the time window [A;,B;], then flight service is
joined into the vehicle transmission chain; Else there are multiple vehicles meet the
time window constraint simultaneously, the evaluation function is calculated
according to Eq. (14), and the vehicle with the smallest VF value is added.

Step 4. In accordance with step two and step three, refueling tasks of flight service is
added one by one.

Step 5. When the capacity of the transmission chain of the vehicle reaches the
maximum allowable service number, the new task is terminated, and the vehicle
returns to the parking lot. After a period of rest, the vehicle can be dispatched again.
Step 6. Repeat the above steps to the vacant flight to be served.

The flow chart of the algorithm is shown in Fig. 1.

~{ Reading flight-data-»

Istherevehicle:
thatsatisfythe-
time-window2.

Add-aservice:
sequence

Calculatingthe-value-
function-of-eachvehicle.,

Find the-minimum value:
of-vehicle

Jointhevehile sequence -

Isitthe:maximum-

for-the-vehicle?.

Yes. l

Thevehicle return
tothe-parking-lot.

Isthere-any more-
servedight?-.

Fig. 1. Flow chart of the AVSAGS
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4 Results and Discussion

This paper selects the actual flight data of an airport in January 22™ of 2017 year to
perform experiment for the proposed algorithm. The airport’s daily arrivals and flights
amount to about 250 sorties according to the airport data. As the incoming flights do
not need refueling service, 115 departure flights are selected to test.

4.1 Refueling Time

The refueling time required for a flight is related to the aircraft type. According to the
number of aircraft passenger seats, China’s civil aviation aircraft is divided into large,
medium and small types. Flight with the number of passengers seats below 100 seats
belongs to small type; flight with 100 to 200 seats belongs to medium type; and flight
with more than 200 seats belongs to large type. After analyzing the flight data, there are
Airbus A380 series belonging to large type; A320, A319 series belong to medium type;
CRJ-900 series, ERJ-190 series, ARJ21 belong to small type. Based on the flight
history refueling data, average refueling time is given as the time required for each
flight type, as shown in Table 1.

Table 1. Refueling time of flight type

Model Refueling time (minutes)
Large | A380 35
Medium | A320, A319, Boeing 737 |25
Small | CRJ-90, ERJ-190, ARJ21 | 15

4.2 Airport Stand Distance Matrix

The airport stand is the location of the flight at the airport. The distance between
different stops affects the driving time of the vehicle. There are 37 stands in the airport,
which are distributed in 3 regions of T1, T2 terminal and parking apron. According to
the field calculation, the distance between adjacent parking stands is 40 m. In order to
ensure the safety of the airport, the civil aviation authority stipulates that all ground
support vehicles at the airport must travel along the prescribed route and cannot enter
the other airport areas. The 101 to 108 stands are located in the T1 terminal, and the
109-116 stands are located in the T2 terminal. The remaining is distributed on the
parking apron, and the airport stands are shown in Fig. 2.

According to Fig. 2, the distance matrix among airport stands can be obtained, in
which the parking lot is expressed using O. The distance matrix of the part of the stands
is shown in Table 2 as shown below.
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Fig. 2. Airport stands distribution

Table 2. Distance matrix of partial stands

212214216 (218 O [219|217
212 0| 40| 80120160 |200 | 240
214 40| O] 40| 80|120|160 |200
216, 80| 40| O 40| 80|120|160
218 120| 80| 40| O] 40| 80120
O 160|120 80| 40| O] 40| 80
219/200| 160 120| 80| 40| O 40
217 /240|200 | 160|120 80| 40| O

4.3 Time Window for Refueling Service

The time window of the refueling is a time range between the earliest start of the
refueling service and the latest start of the refueling service for the flight. If the vehicle
arrives before the earliest start of the refueling time, it needs to wait. If the vehicle
arrives after the flight starts at the latest, the flight may be delayed.

According to the relevant documents [10], civil aviation flight must complete fuel
refueling operations five minutes before the passengers start boarding. In special
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circumstances, fuel injection should be completed five minutes before the aircraft is
expected to leave. Passengers generally start boarding ahead of 30 min.

The departure flights are divided into two types, i.e. originating flight and passing
flight. Their time windows are also different. The former should be served ahead of
time before the passengers start boarding; the latter needs be served immediately. The
two types of flights time windows of refueling service are as follows.

Service time window for passing flight:

A =ty (17)
Bi =ty + 10 (18)
Service time window for originating flight:
Ai=t;—t—35 (19)
Bi=t;—t;—35 (20)

where ,,, is arrival time of passing flight, #, is the departure time of the flight plan, #;
represents the time that service for the flight i. Equation (17) means the time window
lower limit of the passing flight is at the arrival time, Eq. (18) means the time window
upper limit of the passing flight, Eq. (19) represents the time window upper limit of the
originating flight, Eq. (20) represents the time window lower limit of the originating
flight. Part of flight service time window for part of the flight, as shown in Table 3.

Table 3. Part of flight service time window

Flight number | Planned landing time | Stands | Ai Bi

103 0830 102 0830 | 0840
104 0835 108 0835 | 0845
105 0855 107 0855 | 0905
106 0910 109 0910|0930
107 0910 115 0910 | 0920
108 0910 112 0910 | 0920
109 0925 111 0925 | 0935

4.4 Experimental Data and Analysis

The experimental data are obtained by using the proposed algorithm designed for
solving the ARVSP with the above data. Service sequence for a vehicle starts and ends
using 0 which means the vehicle starting from the parking lot, providing refueling
service for the flights, and returning to the parking lot. The time table for flight service
sequence is shown in Table 4. The distance of the driving path and the service number
for the vehicles are shown in Table 5.
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Table 4. Flight service sequence

Number | Service sequence Start time | End time
1 0,101,104,106,112,116,0 | 0755 1055
2 0,102,103,105,107,111,0 | 0805 1020
3 0,108,109,110,114,118,0 | 0910 1115
4 0,113,,117,119,125,136,0 | 1010 1215
5 0,115,120,123,129,141,0 | 1015 1235
6 0,121,127,137,142,147,0 | 1100 1305
7 0,122,126,135,143,148,0 | 1100 1305
8 0,124,128,151,163,170,0 | 1310 1535
9 0,130,138,145,153,156,0 | 1335 1540
10 0,131,139,144,152,160,0 | 1335 1520
11 0,132,140,146,162,166,0 | 1335 1555
12 0,133,149,155,157,159,0 | 1335 1525
13 0,134,150,154,158,161,0 | 1400 1635
14 0,164,169,172,174,177,0 | 1410 1710
15 0,165,167,168,171,178,0 | 1415 1720
16 0,173,175,176,179,181,0 | 1540 1805
17 0,180,183,187,193,199,0 | 1725 1930
18 0,182,184,189,208,0 | 1735 2035
19 0,185,190,196,200,201,0 | 1800 2005
20 0,186,191,209,213,0 | 1800 2220
21 0,188,192,197,202,204,0 | 1810 2025
22 0,194,198,203,206,0 | 1835 2035
23 0,195,205,207,211,212,0 | 1835 2205
24 0,210,214,215,0 | 2015 2300

Since no flight need s to be refueled before 7:55, so the flight service sequence was
empty from 0:00 AM to 7:55 AM. At 7:55 AM, the first flight 101 needs refueling
service, and the 101 flight is added to the first flight service sequence. Because it is a
passing flight, The service sequence starts at 7:55 and ends at 8:20. From 8:05 to 8:35,
there are 102, 103 and 104 flights which are in service waiting flights. While con-
sidering time watch for 102 flight, a new vehicle needs to assign, and flights are added
to different service sequences. The results of other service sequences are no longer
stated in detail.

The total distance of the refueling vehicle is 61.920 km, which is 30% less than that
traditional manual Scheduling (88.560 km) by the results of the experiment. The
number of total vehicle dispatched are 24 times that decrease 79.1% compared with the
traditional manual scheduling of 115 times. And only five vehicles are needed to
provide service for the flights.
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Table 5. The distance of the driving path and the service number for the vehicles

Number | Driving distance (Meter) | Start time
1 2800 0755
2 2720 0805
3 2080 0910
4 3200 1010
5 3520 1015
6 3760 1100
7 2640 1100
8 3920 1310
9 1280 1335

10 2160 1335

11 2240 1335

12 2240 1335

13 3040 1400

14 2240 1410

15 4160 1415

16 2480 1540

17 2640 1725

18 2560 1735

19 2960 1800

20 2000 1800

21 2000 1810

22 1200 1835

23 2080 1835

24 2000 2015

5 Conclusion

In this paper, the airport refueling vehicle scheduling problem is analyzed, and its
mathematical model is established. A scheduling algorithm based on greedy strategy is
designed for solving the model. The test results show that the proposed algorithm has a
significant improvement in aircraft vehicle scheduling and service cost reduction.

In the future research, more scenarios and strategies are to be considered so that the
model and the algorithm could handle more complex cases such as flight delays and
dynamic scheduling. Meanwhile, we apply the proposed algorithm into an actual
practice.
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