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Short-Term Prediction of Air Traffic Flow Based on Complex Network

WANG Fei', WEI Linlin®
(1. College of Air Traffic Management, Civil Aviation University of China, Tianjin 300300, China; 2. Harbin Taiping

International Airport Flight Area Management Department, Heilongjiang Airport Management Group Co. Ltd. ,
Harbin 150079, China)

Abstract: To predict air traffic flow reasonably, research is conducted in conjunction with complex network

link prediction. First, the time series is converted into a visual graph to obtain the topological feature

quantity, and then combined with the algorithms based on local information, path, and random walk, the

prediction accuracy in different sectors of Sanya is compared. It is found that the RWRO0.85 algorithm has the

highest prediction accuracy. Due to the fact that link prediction can only predict possible edges and cannot

predict nodes, the D-S evidence theory is introduced to predict traffic values, with a maximum prediction

accuracy of 99.85%. The results indicate that the combination of complex network link prediction and D-S

evidence theory for predicting air traffic flow is feasible and effective, laying a foundation for further in-depth

research.
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Table 1 Comparison of AUC accuracy of ten similarity

algorithms based on local information

Proportion 0.9 0.8 0.7 0.6 0.5

CN 0.9687 0.9644 0.9498 0.9300 0.9077

Salton 0.9715 0.9663 0.9483 0.9285 0.906 3
Jaccard  0.9692 0.9653 0.9478 0.9287 0.906 7
Sorenson  0.8597 0.8569 0.8432 0.8147 0.7902

HPI 0.9726 0.9649 0.9470 0.9258 0.904 5
HDI 0.9679 0.9647 0.9474 0.9289 0.906 9
LHN 0.9576 0.9532 0.9369 0.9203 0.9012
AA 0.9758 0.9707 0.9550 0.9349 0.9120
RA 0.9781 0.9725 0.9561 0.9361 0.9128
PA 0.6757 0.6914 0.7226 0.7078 0.7126

F2 OMETHREMMBEMEHEEZAUCKELLR
Table 2 Comparison of AUC accuracy of six path-based

similarity algorithms

Proportion 0.9 0.8 0.7 0.6 0.5

Local Path 0.9718 0.9688 0.9668 0.9604 0.959 3
Katz0.01 0.9707 0.9686 0.9674 0.9663 0.9657
Katz0.001 0.9709 0.9687 0.9675 0.9665 0.9658

LHNI0.9 09577 09536 0.9462 0.9466 0.9448
LHNI0.95 0.9420 0.9394 0.9334 0.9354 0.9346
LHNI0.99 0.8946 0.8935 0.8938 0.8961 0.897 2

®3 oMETHIFENBLUMEEZAUCKEELLR
Table 3 Comparison of AUC accuracy of six similarity

algorithms based on random walk

Proportion 0.9 0.8 0.7 0.6 0.5

ACT 0.6224 0.6692 0.6705 0.6709 0.6929
RWRO0.85 0.9888 0.9869 0.9868 0.9861 0.981 2
RWRO0.9 0.9874 0.9853 0.9852 0.9853 0.9808
RWRO0.95 0.9839 09814 0.9811 0.9826 0.9782
SRWO0.85 0.9888 0.9869 0.9869 0.9861 0.9812
LRWO0.85 0.9888 0.9869 0.9868 0.9861 0.9812

=CN

_ | =Salton

= Jaccard

=Sorenson

| =HPI

=HDI

1=LHN

Hau AA

0.9 0.8 0.7 0.6 0.5 _Il}:
Proportion

3 AT LA A N 4R A T )R iR AR S I R P g AUC
Fig.3 AUC of different proportion training sets in local

information-based algorithm
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Table 4 Comparison of AUC and Precision of three sec-

tors in different algorithms

=15 = 2 =4 5
Proportion 60 min 60 min 60 min
0.9 i- i- i-
ave P aue P zpe P
sion sion sion

CN 0.9706 0.12250.9741 0.0837 0.9724 0.029 1
0.970 7 0.029 4 0.976 2 0.049 3 0.972 4 0.052 3
Jaccard  0.968 2 0.034 3 0.974 9 0.0394 0.971 0 0.058 1
Sorenson 0.848 1 0.034 3 0.866 7 0.054 2 0.866 5 0.023 3
HPI 0.97260.049 0.97420.0936 0.97410.139 5
HDI 0.966 8 0.029 4 0.974 0 0.049 3 0.969 5 0.034 9
LHN  0.95470.024 50.960 4 0.102 4 0.965 0 0.064 0
AA 0.976 9 0.1127 0.982 0 0.073 9 0.976 7 0.064 0
RA 0.978 9 0.156 9 0.9851 0.108 4 0.977 9 0.197 7
PA 0.709 8 0.063 7 0.685 5 0.098 5 0.643 0 0.017 4
Local Path 0.972 4 0.127 5 0.967 6 0.054 2 0.984 7 0.023 3
Katz0.01 0.97150.142 2 0.9654 0.059 1 0.984 6 0.046 5
Katz0.001 0.971 8 0.127 50.9657 0.093 6 0.984 5 0.058 1
LHNII0.9 0.956 90.019 6 0.947 4 0.024 6 0.974 2 0.011 6
LHNIIO.95 0.941 3 0.009 8 0.927 0 0.009 9 0.968 1 0.011 6
LLHNITIO.99 0.891 6 0.004 9 0.872 3 0.004 9 0.952 4 0.005 8
ACT  0.68370.156 9 0.609 9 0.108 4 0.684 7 0.145 3
RWRO0.85 0.98990.186 3 0.98790.12810.992 1 0.168 6
RWRO0.9 0.98580.147 1 0.986 8 0.113 3 0.989 8 0.186 0
RWRO0.95 0.98340.107 8 0.9814 0.1034 0.988 3 0.174 4
SRWO0.85 0.98020.161 8 0.986 3 0.113 3 0.991 30.1337
LRWO0.85 0.98570.117 6 0.983 7 0.098 5 0.991 50.157 0
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Fig.6  AUC and Precision values of a 60 min training set of Sanya 01 Sector
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Table 5 Calculation results of node degree and twice

node similarity

t S Sxe A k
1 0.014 2 0.014 0 9 2
2 0.023 8 0.023 2 23 3
3 0.025 2 0.023 6 24 3
4 0.024 2 0.0258 23 2
5 0.064 0 0.062 2 30 6
6 0.063 4 0.058 2 27 3
7 0.069 2 0.067 6 27 8
8 0.035 2 0.062 8 23 7
9 0.059 2 0.0618 21 5
10 0.040 2 0.0400 21 4
11 0.036 6 0.039 2 21 4
12 0.020 8 0.024 4 19 2
13 0.045 4 0.047 2 23 2
14 0.070 0 0.069 0 27 3
15 0.069 8 0.066 2 23 2
16 0.268 8 0.248 2 30 7
17 0.298 2 0.3130 23 8
18 0.327 6 0.326 8 13 7
19 0.216 2 0.3128 4 5
20 0.315 8 0.328 8 3 5
21 0.222 8 0.296 4 0 4
22 0.2138 0.242 6 2 2
23 0.309 2 0.237 8 7 2
24 0.912 2 0.913 4 12 1
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Fig.8 Flow value chart of Sanya 01 Sector for 15 days from
September 2nd
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Fig.9 6-hour forecast of Sanya 01 Sector
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Table 6 Predictive value with D-S method

i i :ﬂﬁlﬁ'a 60 min A = 15'3 30 min A :HZUJT'H 15 min A

IRl BUE TPRG R IR WA BRI BUE T A
25 12 11.98 0.998 5 11 10.31 0.937 5 13 12.34 0.949 3
26 21 20.69 0.985 2 13 12.49 0.960 5 9 9.77 0.9211
27 19 18.35 0.965 9 20 19.48 0.973 8 12 11.31 0.942 3
28 18 17.54 0.974 6 13 13.57 0.957 9 8 8.58 0.932 2
29 21 20.24 0.963 8 16 15.44 0.9650 3 8.94 0.3354
30 20 19.35 0.967 6 9 10.28 0.8752 8 7.30 0.912 3
31 16 15.53 0.970 6 11 10.16 0.9239
32 21 20.31 0.967 1 13 12.32 0.947 8
33 15 15.79 0.950 2 8 8.76 0.9135
34 13 12.60 0.969 2 7 6.27 0.8959
35 12 11.58 0.9650 8 7.68 0.960 5
36 3 9.27 0.323 7 8 7.74 0.967 8
37 6 7.00 0.856 7
38 9 8.21 0.9120
39 10 9.45 0.945 2
40 10 9.38 0.9379
41 11 10.47 0.9521
42 7 9.79 0.715 3
43 5 7.32 0.682 9
44 6 6.32 0.949 2
45 10 7.40 0.740 2
46 7 7.90 0.8857
47 7 7.34 0.954 1
48 6 7.03 0.854 0

£7 KERAD-SHERFME
Table 7 Predictive values without D-S method
i ] = 14 60 min = 3lF 1 55 30 min =F 1k 15 min

JU iR i WNE WK BRI WO KT R JRUAG l d Tl {& TN A
25 12 11.59 0.965 8 11 10.37 0.942 7 13 12.33 0.948 5
26 21 13.59 0.647 1 13 12.12 0.932 3 9 10.29 0.874 6
27 19 17.66 0.929 5 20 19.28 0.964 0 12 11.09 0.924 2
28 18 18.45 0.9756 13 14.01 0.927 9 8 10.83 0.738 7
29 21 20.18 0.9610 16 15.27 0.954 4 3 7.52 0.398 9
30 20 19.66 0.983 0 9 12.93 0.696 1 8 6.55 0.818 8
31 16 10.44 0.652 5 11 10.13 0.920 9
32 21 18.99 0.904 3 13 11.96 0.920 0
33 15 19.58 0.766 1 8 12.48 0.6410
34 1 15.60 0.064 1 7 7.11 0.984 5
35 12 6.89 0.574 2 8 7.96 0.9950
36 3 5.37 0.558 7 8 8.01 0.998 8
37 6 8.00 0.750 0
38 9 7.60 0.844 2
39 10 9.34 0.934 1
40 10 9.94 0.993 7
41 11 10.01 0.909 6
42 7 10.83 0.646 1
43 5 9.12 0.548 2
44 6 6.33 0.947 9
45 10 7.86 0.786 0
46 7 8.29 0.844 0
47 7 7.31 0.958 1

48 6 6.84 0.877 3
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