F34E M 124 CEN A Vol.34 No. 12
2024412 H China  Safety  Science  Journal Dec. 2024

s B X%, sk, 5 K, 2 BT Transformer FETE A DU RGBT J]. o 4 R eE23R, 2024, 34(12) ; 74-83.
5| A#& 3 LIU Hong, ZHANG Xindi, LU Fei, et al. Research on 4D flight trajectory prediction based on improved Transformer
model[ J]. China Safety Science Journal, 2024, 34(12) ; 74-83.

B T 3t Transformer & Y 74 I 2 fi 378 T ]

X FK'asax, KA B Klam, KA
(1 PERMASF P REEHE ST, Ki#E 300300;2 b7 8 s # S ABE P, W AJE 030006)

R

DEDES X949 NERGIE: A DOI: 10. 16265/j. cnki. issn1003—3033. 2024. 12. 0497
ETDE: ERERVNFEZHEN(52272356) ; ERERWA LT TE (2022YFB4300904) ; ERZEZTE
(ZKG2023-03) ; PREREAR N FHEERNFERWE (3122022101) ,
[ F] 4 30F 6 W% AT TN K 7504 &7 7] Ak 8088 2 Bl 7 & X B K R % R B, ot
Transformer % A 22 A4 | 52 3 19 4 S i FM 09 S A0 A AL A 4R 1E . B 28, R B RS FI R SR AR H
WATLS B F RN XBE X R, By KERHES AR FFA R ZAWRAEXE, NTEEZE AW
FHEE;EA, KA S LB EEA S MANH SO HELEGEEN BN EERHTHASTE, *
NhEMA BTN 2 REKBA R FR, AL NMERGE T, BREEEINANUHEZLE,
REBANTERE &, $FRLTe TN MANEE SE g LW FRAE, $R%
A . Bk #t Transformer 1 Al 5 % 45 B Transformer £ A 25 4 Fb b 22 W % 4 AL At BB M 68 4R 5
14. 4% ; K i 3 77 #21% 2 (RMSE) 2 3 4 3t 1% 2 (MAE) 18 % 3 1 45 4% , B 3 Transformer # % 3 £
JE G AN S A AR TN B9 f 22 B F BB 2 A 0.027 A 0. 021 ; B # Transformer 4% A 5 15
4 Transformer 4% 2 B T F 27 2 0. 099 7 0. 084 A H, 2 A1 6/ 0. 072 F1 0. 063, *¢ Fll 7 71 Kk
JE B UM M 45 2, B Transformer A 5 2 EHE A AL TN R HEE,
[k8#iA) Pk Transformer BEA, W4T, AL HUOM,; FEF,; FKER, EEHIH

Research on 4D flight trajectory prediction based on improved

Transformer model
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(1 School of Air Traffic Management, Civil Aviation University of China, Tianjin 300300, China;
2 North Automatic Control Technology Institute, Taiyuan Shanxi 030006, China)

Abstract;  Flight trajectory prediction plays a crucial role in ensuring safe and efficient air traffic
operation. In order to consider the implicit correlations between flight trajectory characteristics, the
encoding and decoding operations of the prediction framework in the transformer model were enhanced.
Firstly, the convolutional block was improved, and ordinary convolutions were applied to capture the
correlations between neighboring time series trajectory characteristics, and dilated convolutions were added
to capture correlations between non-neighboring time series trajectory characteristics. Secondly, multi-head
self-attention was employed to perform calculation based on the spatiotemporal features of the flight

trajectory combined with the importance of attention scores. Thirdly, probabilistic sparse method was
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designed to reduce the computational complexity of the multi-head self-attention and improve the model s

computational efficiency. Finally, an experimental platform was established to verify the flight trajectory

prediction framework. The results show that compared to the traditional transformer model and the other

three neural network models, the improved transformer model shows a 14.4% improvement in time

performance. By using root mean square error ( RMSE) and mean absolute error ( MAE) as evaluation

metrics, the average prediction deviations of the improved transformer model for trajectory features such as

longitude, latitude, and altitude are 0.027 and 0. 021, respectively. These deviations are reduced by

0. 072 and 0. 063 compared to the traditional transformer model s average prediction deviations of 0. 099

and 0. 084. Sensitivity analysis on the lengths of prediction sequences indicates that the improved

transformer model is more stable than the baseline models.
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Table 1 Preprocessing longitude
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2023-11-11 T7:51:08 |-118. 409 8|—-118. 409 8| 0. 005 203 874

2023-11-11 T7:51:13 NA —-118.399 1| 0. 005 440 012
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2023-11-11 T7.51.40| -118. 4384 NA NA
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Fig. 6 3D-visualized latitude and longitude
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Fig.7 Visualization of predicted trajectories in three stages
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Table 6 Prediction data comparison with benchmark models in three stages ( length of prediction series is 1)

BBt EIG T B AR B HEIE T R B
R g | &E | mE | P | HE ) gF | mE | P | 4 | g | BE | FY
F, RMSE | 0.132 | 0.015 | 0.091 | 0.079 | 0.051 | 0.108 | 0.145 | 0.101 | 0.027 | 0.120 | 0.030 | 0.059
MAE | 0.125 | 0.013 | 0.086 | 0.074 | 0.034 | 0.125 | 0.050 | 0.069 | 0.034 | 0.125 | 0.149 | 0.102
F, RMSE | 0.146 | 0.031 | 0.119 | 0.098 | 0.078 | 0.155 | 0.097 0.33 0.015 | 0.116 0. 11 0. 08
MAE | 0.128 | 0.026 | 0.114 | 0.089 | 0.155 | 0.096 | 0.038 | 0.096 | 0.013 | 0.113 | 0.108 | 0.078
F, RMSE | 0.014 | 0.045 | 0.118 | 0.059 | 0.066 | 0.072 | 0.052 | 0.063 | 0.040 | 0.048 | 0.045 | 0.044
| MAE | 0.012 | 0.030 | 0.100 | 0.047 | 0.038 | 0.065 | 0.064 | 0.055 | 0.038 | 0.038 | 0.037 | 0.038
F, RMSE | 0.029 | 0.005 | 0.031 | 0.022 | 0.029 | 0.024 | 0.030 | 0.028 | 0.072 0. 06 0.027 | 0.053
MAE | 0.027 | 0.010 | 0.029 | 0.022 | 0.022 | 0.015 | 0.030 | 0.027 | 0.071 | 0.059 | 0.026 | 0.052
" RMSE | 0.071 | 0.014 | 0.024 | 0.036 | 0.020 | 0.038 | 0.021 | 0.026 | 0.016 | 0.060 | 0.019 | 0.031
MAE | 0.055 0.01 0.019 | 0.028 | 0.015 | 0.029 | 0.018 | 0.020 | 0.018 | 0.048 | 0.010 | 0.025
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Table 7 Deviation difference with benchmark models
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Fig. 8 Comparison diagram of various steps
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