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Table 2 Original scheduled flights of Beijing-Tianjin-Hebei

airport group at each time (partial)

e MEES Bl R BEsRZE #isHLg
001 308896 ZBAA 08:00 11:10 ZUUU
002 CA1431 ZBAA 08:00 10:55 ZUCK
003  MUS5636 ZBAA 08:00 10:55 ZSSS
004 308838 ZBAA 08:00 11:00 7ZGSZ
005 Cz6161 ZBAA 08:00 11:10 ZUUU
006  HU7382 ZBAA 08:00 11:50 ZJHK
007  MUS5102 ZBAA 08:00 10:15 ZSSS
008  MU2467 ZBAA 08:00 10:00 ZSSH
009  MU2104 ZBAA 08:00 10:00 ZPPP
010 CA1371 ZBTJ 08:00 11:20 ZGSZ
011 GS7859 ZBT] 08:00 10:10 ZHHH
012 GS7881 ZBTJ 08:00 10:05 ZSPD
013 NS3219 ZBSJ 08:00 10:00 ZSSS
014 NS3221 ZBS] 08:00 10:30 ZUCK
699 CA1329 ZBAA 21:00 00:20 ZGGG
700 CA4118 ZBAA 21:00 00:10 ZUUU
701 CF9031 ZBAA 21:00 23:25 ZSPD
702 GS6509 ZBTJ 21:00 00:50 ZJSY

4.1 WA BEEMMERZILIL

R 5 HA A 25 % A of B) BE, Rl 13%12=156 M
BRI 221, ) oy 225 1 3 g A i BIE e R T 4 A2 A R I B
B 6 AN BE (R £ 12 1% 30 min), R R 36—
Bk B LAAZ AN T 162 A~ B B Al 4 42 HE 1 BT A AL BT,
S PR 20 B3 156+6+1=163 BT BE . A PERT
2| 5 R0 LA ST R IS 200 1 S 1V O FR T 3 TR .

By AR MY R A S H W
702 B HEALHE, B2 A AT PR AT 2 HETE £ 65 FE I

F3 HRFSHHRRINN R

Table 3 Correspondence between time serial numbers and

flight schedule
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Fig. 5 Convergence of PSO algorithm
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Table 4 Number of iterations and their running time
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Table S Comparison before and after each flight optimization

AN/ 614 TR ]/ SAER AR
400 297 1707
500 363 1689
600 425 1754
700 484 1718
800 562 1724
900 625 1723

1000 737 1690

o 2 K2 SEIRMEL ERK/
¥ e fes B min
001 3U8896 08:00 08:05 1 5
002 CAl1431 08:00 08:00 0 0
003 MU5636 08:00 08:00 0 0
004 3U8838 08:00 08:00 0 0
ZBAA 005 CZ6l161 08:00 08:10 2 10
006 HU7382 08:00 08:05 1 5
007 MU5102  08:00 08:00 0 0
008 MU2467 08:00 08:10 2 10
009 MU2104 08:00 08:00 0 0
010 CA1371 08:00 08:00 0 0
7ZBTJ 011 GS7859 08:00 08:00 0 0
012 GS7881 08:00 08:05 1 5
013 NS3219 08:00 08:00 0 0
7BSJ 014 NS3221 08:00 08:00 0 0
699 CA1329 21:00 21:00 0 0
7ZBAA 700 CA4118 21:00 21:05 1 5
701 CF9031 21:00 21:00 0 0
ZBT] 702 GS6509 21:00 21:00 0 0
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Fig. 6 Comparison of number of flights scheduled for each flight before and after optimization
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Table 6 Flight schedule stability index data of airport group before and after optimization

FESR ]/ FEARAE/% FESR ]/ HEFRA /% FESRF ]/ TR/ %
MeALHT 201.0 35.0 87.0 19.8 174.0 20.2
ZBAA ALm 182.2 25.1 81.4 17.6 161.3 17.2
T2 18.8 9.9 5.6 22 12.7 3.0
HeAkHT 56.0 8.2 35.0 4.0 84.0 9.8
ZBS]J AbsE 53.1 7.9 32.9 3.9 81.2 9.2
(k= 2.9 0.3 2.1 0.1 2.8 0.6
Ptk 73.0 16.9 50.0 8.3 99.0 11.5
ZBTJ HALSE 66.2 15.1 453 7.1 93.1 10.1
i 22 6.8 1.8 4.7 12 5.9 1.4

F=7 MUBIEMIERZIREEXGLE (2] DA$E, S, RBNFE. UBETT % 48 15 35 K 25 Ak 14 56 i 4347 [J].

Table 7 Relative closeness of departure flight schedule

quality before and after optimization
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MIN J, GAO Q, ZHU M H. Influence analysis of flight schedule on

delay propagation variation[J]. Journal of East China Jiaotong Uni-
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versity, 2017, 34(5): 81-88(in Chinese).
ZBAA 0.334 0.363
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Evaluation and optimization of departure flight schedule stability of
airport group
WANG Xinglong" ", XU Yanfeng', XUE Yichen’

(1. College of Air Traffic Management, Civil Aviation University of China, Tianjin 300300, China;
2. Civil Aviation Administration of China North China Regional Administration, Beijing 100621, China)

Abstract: As China’s aviation traffic keeps growing, issues including dwindling flight schedule resources and
major flight delays in airport clusters are rapidly becoming more and more prevalent. It is necessary to thoroughly
study flight schedule optimization in airport groups. On the basis of defining the concept of departure flight schedule
stability of airport groups, this paper puts forward six evaluation indexes of departure flight schedule stability of
airport groups, such as departure flight delay rate and average delay time, and evaluates the stability quality by using
improved TOPSIS (a technique for order preference by similarity to ideal solution). Following the establishment of the
airport group ’s departure flight schedule optimization model and the selection of an improved particle swarm
optimization algorithm to optimise the model, the flight plans before and after optimization are contrasted using the
stability quality as the benchmark. Finally, taking Beijing-Tianjin-Hebei airport group as an example, the simulation
results show that the proposed optimization model and algorithm can reduce the average delay time of departure
flights at Beijing airport by 18.8 s and the average delay rate by 9.9%; The average delay time of busy routes is
reduced by 12.7 s, and the average delay rate is reduced by 3.0%, which effectively reduces the overall delay level of
Beijing-Tianjin-Hebei airport group and improves the stability of departure flight schedule of the airport group.

Keywords: airport group; stability assessment; TOPSIS; departure flight schedule optimization; particle swarm

optimization algorithm
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