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Abstract—Delicacy flight classification and calculation of
delay cost is very important for improving airport operation
efficiency and reducing airline operation cost, when it is applied
to manage the sequence of take-off and landing flights. The four
different factors were considered, and the transitive closure
algorithm (TCA) was used to classify the flight. The TCA method
was implemented in sequencing problems of arrival and
departure flights in large airport, and compared with the
traditional classification method. Results indicate that the TCA
classification model is conducive to reduce the expenses of flight
delays, optimize the sequences of arrival and departure flights,
and improve the efficiency of airport operation.
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l. INTRODUCTION

The continuous growth of social economy drives China air
transport on the fast-growing track, during which China civil
aviation has become the second largest air transport system in
the world. The delicacy flight classification and calculation of
delay cost is very important for improving airport operation
efficiency and reducing airline operation cost, when it is
applied to manage the sequence of take-off and landing flights.
Odoni gave a systematic description of ATFM problems first in
1987. Since then, many researchers have proposed their own
air traffic control models with the aim of reducing the total
delay costs. However, among these models, there are still some
drawbacks in calculating the cost of flight delays (CFD), i.e.,
(1)for each flight the delay cost per minute is identical(e.g. $50
for ground delay, $75 for airborne delay)[1-4]; (2)all flights are
classified into only three cost classes according to the
maximum take-off weight (MTOW)[5,6]. As the foundation of
the objective functions in aforementioned models, it is
necessary to determine CFDs scientifically.

Based on the above analysis, a flight classification method,
which considers a variety of factors, is proposed[7]. All kinds
of flights will be categorized by the transitive closure algorithm
(TCA) based on 4 different factors, i.e., MTOW, maximum
payload, average fuel consumption per hour (or wring span),
and grade of importance. It could be used to solve dynamic
clustering problems of arrival/departure (A/D) flights in large
airport during congestion periods, and calculate CFDs
according to the different classes of flights. To assess the

performance of this method, we make a comparison between
this method and the traditional classification method, when
dealing with sequencing problems of A/D flights in large
airport.

Il.  FLIGHTS CLASSIFICATION MODEL

The characteristics of arrival flights include 4 factors:
MTOW, maximum payload (MP), average fuel consumption
per hour (AFCH), and grade of importance (GI). Similarly, the
characteristics of departure flights include MTOW, AFCH,
wring span (WS), and GI. So, the parameter m in this flights
classification model is 4. Note that for the factor GlI, the values
100, 50, 10, and 5 represent, respectively, special plane flight,
very important person flight, international flight and domestic
flight.

In each congestion period, if there are n(n>5) flights
waiting for landing or taking-off per hour, we would divide
them according to their characteristics by TCA. Among the
existing fuzzy clustering algorithms, the most frequently used
fuzzy clustering technique is TCA, which is based on fuzzy
similar relations and fuzzy equivalent relations. It can partition
the sample set into several clusters under different threshold
values.

If n arrival or departure flights are classified into S classes
by the model, then each class is defined the sth class according
to decreasing mean values of Gls (if equal, according to
decreasing mean values of MTOWS), s=172,...,5, denoted
with Roman numerals 1, 11, 1ll... For example, assume that
there are 6 arrival flights (FO1, FO2, ... F06), and they have
been classified into 3 classes. The mean values of Gls for each
class are 30, 10 and 5 respectively, i.e., the first class(FO1, FO3)
30, the second class(F02, FO05) 10, the third class(F04, FO6) 5.
So the classification result is | Class{F01, FO3}, Il Class{F02,
FO5} and 111 Class{F04, FO6}. For arrival and departure flights
the costs of delays per minute (CDPM) to the sth class are
[4x(S—s)+1]c,and [4x (S —s) +1]c,» respectively. Thereinto,
c, and c, represent the airborne and ground delay cost unit

respectively, c, > Cy

The time complexity of this model is O(n®log}), and its
space complexity is O(n?) [8]. In most circumstances, the
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number of arrival or departure flights per hour is no more than
60(i.e.,n < 60), SO we can get the classification result easily in
one second by using a PC with 2.0GHz CPU and 512 MB
RAM.

IIl.  SIMULATION INSTANCES

A. Flight Classification Data

Two instances are taken to demonstrate the performance of
the presented method. One instance is that 10 arrival flights
wait for landing during 10:00-11:00 in a single-runway airport;
the other is that 6 departure flights wait for taking off during
14:00-15:00 in the same airport. The data of these flights are
shown in Table 1 and 2.

TABLE I. ARRIVAL FLIGHTS DURING 10:00-11:00

Flight NO. / Type MTOW (kg) | MP (kg) | AFCH (kg) Gl
F001 / B737-800 70553 17000 2650 5
F002 / A300-600 170500 38000 5500 10
F003 / B777-200 229517 51396 7200 10
F004 / B737-300 61234 15331 2500 5
F005 / B767-300 163293 36466 5000 10

FO06 / ATR-72 22500 7450 710 5
FO07 / B747-400 385557 75297 11000 100
F008 / A318 59000 11100 1900 5
FO009 / CRJ-200 21500 5400 700 5
F010 / A340-300 275000 45000 6800 10

TABLE Il. DEPARTURE FLIGHTS DURING 14:00-15:00

Flight NO. / Type MTOW (kg) MP (kg) | AFCH (kg) | GI
F011/B767-300 163293 36466 47.6 10
F012 / B777-200 229517 51396 60.9 10
F013 / B737-800 70553 17000 34.3 5
F014 / A340-300 275000 45000 60.3 10

F015/Y-12 5300 1700 17.2
F016 / MD82 67800 19700 329

B. Flight Classification Results

For 10 arrival flights in Table 1, by using TCA, we obtain
the transitive closure after 4 times square:
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Choose 1 =0.8 and cut the matrix above. Then, we can get
5 classes: | Class{F007}, Il Class {F003, F010}, IlI
Class{F002, F005}, IV Class{F001, F004, F008}, V
Class{F006, FO09}; their CDPMs are 17¢_, 13c_, 9¢c,, 5S¢,

and 1c_, respectively.

Similarly, after 3 times square, we can get the transitive
closure of Table 2:
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The 6 departure flights are divided into 4 classes with the
same threshold value 1 :1 Class {F012, F014}, 1l Class{F011},
Il Class{F013, FO16}, IV Class {F015}; their CDPMs are:
13 Cy 9(;g , SCg and 1cg , respectively.

IV. APPLICATION IN FLIGHTS SEQUENCING PROBLEM

In order to test the new classification method is helpful to
optimize the sequence of A/D flights, we introduce the
sequencing problem in terminal area, and make a comparison
between using TCA and the traditional classification method
(TCM). In flights sequencing problem, the objective is to find a
flights sequence whose total cost of delays is lowest.

In TCM aircrafts are classified into 3 classes according to
MTOWI9]: Small Aircraft (S) with less than 5670 kg;
Medium/Large (M/L) Aircraft, between 5670 and 136080 kg;
Heavy (H) Aircraft with over 136080kg. The classification
results and the sequence results (SR) of A/D flights based on
both methods are reported in Table 3 ~ 6, respectively. For the
purpose of making a fair comparison, we calculate the CFDs
based on TCM by using the same CDMPs as we do in TCA.
Notice that the time for landing or taking off is 2 minutes, and
the flight cannot land (or take off) before its ETA (or ETD).

TABLE Ill. RESULTS FOR ARRIVAL FLIGHTS SEQUENCE BY USING

TCM
Flll%r.]t ETA Class SR = STA CFD
F001 10:00 M/L 6 10:10 50
F002 10:00 H 1 10:00 0
F003 10:00 H 2 10:02 26
F004 10:02 M/L 7 10:12 50
F005 10:02 H 3 10:04 18
F006 10:04 M/L 8 10:14 10
FO07 10:04 H 4 10:06 34
F008 10:06 M/L 9 10:16 50
F009 10:08 M/L 10 10:18 10
F010 10:08 H 5 10:08 0
Total Cost of Airborne Delays/ C,: 248
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TABLE IV. RESULTS FORARRI\T/é/IKFLIGHTS SEQUENCE BY USING the new classification method, e.g., FO07/B747-400 suffers a
delay of 2 minutes in TCM, but no delays in TCA.

Flight TCA
ETA
NO. Class SR STA CFD V. CONCLUSIONS
FOO1 10:00 J 10:10 50 . I .
v 6 A new A/D flights classification model based on TCA is
F002 10:00 1T 2 10:02 18 analyzed in this paper. By using TCA all flights can be
F003 10:00 I 1 10:00 0 classified more exactly than using traditional classification
- - method in consideration of 4 different factors. Besides, we give
Foo4 1002 v ! 1012 >0 the CDPM for each flights class, which is the foundation when
F005 10:02 11 4 10:06 36 establishing various ATFM models. The new method is
FO06 10:04 Vv 9 10:16 12 conducive to optimize the sequences of A/D flights and reduce
- - the expenses of delays. The cost of flight delays for arrival and
Foo7 1004 ! 3 1004 0 departure flights has reduced about 15% by using TCA.
FO08 10:06 v 8 10:14 40
F009 10:08 \% 10 10:18 10 ACKNOWLEDGMENT
F010 10:08 II 5 10:08 0 This work was supported by China civil aviation security
Total Cost of Airbore Delays/c, : 216 ability building funds (2016)--Research on application of
simulation technology in civil airport planning and design.
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From Table 3 ~ 6, it is apparent that the total cost of delays
based on TCA is lower than that based on TCM. The total cost
of delays during 10:00-11:00 and 14:00-15:00 decrease 12.9%
and 16.3% respectively by using TCA. It is mainly because the
waiting time of flights with higher CDPMs is reduced by using





