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4D Trajectory Prediction of Terminal Area Based on
DBSCAN-GRU Algorithm

HAN Ping ZHANG Qi SHI Qingyan ZHANG Zezhong
(Tianjin Key Lab for Advanced Signal Processing, Civil Aviation University of China, Tianjin 300300, China)

Abstract: In the terminal area, the airspace environment is complex and the flights are dense. Accurate trajectory predic-
tion can greatly improve air traffic service level, and ensure aviation safety. To solve the problem of multi flight and high-
precision 4D trajectory prediction required by the terminal area, an algorithm that combines Density-Based Spatial Cluster-
ing of Applications with Noise (DBSCAN) and Gated Recurrent Unit (GRU) is proposed. Through DBSCAN, the flights
with similar trajectory in the terminal area are clustered into a cluster, and then the GRU is used to train the trajectory pre-
diction model for the trajectories of different clusters. When a flight enters the terminal area and needs to be predicted,
first, the flight is judged which cluster belongs to, and then the trajectory prediction model corresponding to this cluster is
used for 4D trajectory prediction. Compared with the traditional prediction method that only studies a single flight, this al-
gorithm effectively uses the trajectory data in the terminal area. The built model can predict the trajectory of multiple
flights, expand the scope of application of the model, and improve the prediction accuracy of the trajectory prediction.
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Fig. 4 Trajectory prediction model training and trajectory prediction process
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Tab. 2 Prediction errors with different parameters 9000 \ - true
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Tab. 3 Partial experimental results of parameter optimization
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Fig. 7 4D trajectory prediction results in terminal area based

on DBSCAN-GRU algorithm

RE AR, R, B 7 R e 2 51 s
F A% B BE S A ] iE B AR 5503 ] D[R] e it
& Z LB I 00 T T A 55, HL R U SR AL T R
B A7 0. 035 s, 328 /IN T AH S A0 320 A5 1) %) B5F 1) 1) o,
JE AU T A s ] 2SR 1 8 oA B AR MLEE 1 A
FULIID A5 R 28 B (A B e B B R] A T 5 2 i H
FRMals 1 A7 e 5B o B S Ul o5, ] 8 ik 25 80K
VAT 30 13,55 30K 8 4 R A8 A XS T

R B IEAR B (K2 A, 80 28 s DX K00 TPk
T8 b AT — L 30 R AT S, 45 SR A &1 9 R
HCAU I S AR T A B A R, R IIZ T IR B X AN R i ¢
Uiy DXL 548 12 T A - b e B T AE: 55, L AT 3

= 0.025
& o
35 0.000
%-0.025
A 0 20 40 %0 100 120 140
_ S ML A
< 001
i
K 0.00
X
%—0_01
0 20 40 60 80 100 120 140
H M E £
£ 150
g
150
iz
0 20 40 60 80 100 120 140
SEXAMUIE AT
Zs
Ha
K0
E
0 20 40 60 80 100 120 140
M £

BI8 AL R A 223 (20 2 o 2 e I ) 0 5 22

Fig. 8 Prediction errors of longitude, latitude, altitude and time for each trajectory point
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Fig. 9  Prediction result of another different cluster of flights

using this algorithm
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weather conditions
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Fig. 11 Loss curves when using different models
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