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Abstract: To enhance the precision of aircraft maneuver recognition method and improve the real-time of the
recognition process, considering the dynamic and temporal nature of tactical maneuver trajectory, through fusing
maneuver trajectory segmentation point detection method, an online maneuver trajectory recognition method based
on the Mahalanobis distance-based dynamic time warping network is proposed. Firstly, in order to prevent the
trained segmentation recognition model from overfitting, the flight parameters of the maneuver trajectory are
converted into the maneuver trajectory feature parameters by extracting the maneuver trajectory features, and the
maneuver library including 21 maneuver trajectory units is constructed. Secondly, in order to quickly split the
maneuver trajectory units, a method is introduced that combines support vector machines and Mahalanobis
distance ;a maneuver trajectory segmentation point detection method based on Mahalanobis Distance Support Vector
Machine. Then, in order to improve the accuracy of maneuver trajectory unit recognition, a method is proposed that
combines dynamic time warping based on improved Mahalanobis distance and convolutional neural networks: a
maneuver trajectory unit recognition method based on Mahalanobis distance measurement in dynamic time warping
neural networks. Finally, by fusing the segmentation point detection model and the trajectory unit recognition
model , an online maneuvering trajectory recognition platform is constructed, and the simulation analysis using three
maneuver trajectory conditions data is carried out. The experimental results show that the proposed method can
detect the segmentation point of the aircraft unit in real time, and the accuracy of the segmentation detection can reach
97.0% . Compared with other maneuver trajectory recognition methods, the proposed method not only meets real-

time requirements, but also has high recognition accuracy exceeding 90% . The results validate the effectiveness
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and real-time performance of the online maneuver recognition model proposed in this research.

Keywords: online maneuver trajectory recognition; maneuver trajectory units; Mahalanobis distance metric;

support vector machine( SVM) ; dynamic time warping network
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Fig.1 Online maneuvering trajectory recognition scheme
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o3 F G LS L S A 2] MDDTWnet 50 9 45, #)
Wr Y TR & TR LS Bl BT S

5 A% EAFIS ARG
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Fig.4 Flow chart of online aircraft maneuver recognition
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Tab.1 Parameters setting of compared algorithms
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BAZ (30 B Relu 135) , ARkt
)2, &EREZE (60 495 45 Relu 336 ),
NN softmax )2, i )2 ; NEWIEL R &0
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ne
RSN BARELE R x 0.5 f5 1R 7731
KB, B30 Adam B3, KN
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FEA (1 050 MEAAE A IAAEA . MDDTWnet 4514
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Tab.2  Simulation test statistics results of different recognition

methods
PG P IR /s
UNEWERES
BIE/ % E= ¥IE/ % =

MDDTWnet 96.77 0.005 1 52.05 0.034 3
DTWnet 95.50 0.002 6 43.64 0.024 4
CNN 95.25 0.007 5 47.64 0.050 6
LSTM 95.31 0.011 4 79.99 0.068 1
SVM-GDTW 94.36 0.004 3 35.88 0.0511
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Fig. 7

Comparison of recognition results in simulation of
different methods on maneuver trajectory unit library
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Fig. 10 Trajectory comparisons for real distribution and
recognition results for horizontal right turn circling

maneuver
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Fig. 11 Comparisons of recognition results for rolling scissor
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Fig. 12 Trajectory comparisons of real distribution and recognition

results for rolling scissor motor maneuver
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Fig. 13 Comparisons of recognition results for long-time domain complex maneuver
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Fig. 14 Trajectory comparisons of real distribution and recognition results for long-time domain complex maneuver
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Tab.3 Online segmentation recognition rate and time cost of different algorithms in different maneuver trajectory cases

T4 1(30.0 s) T 2(28.5 ) T 3(42.0 s)

R NERS

HERA/ % t/ms HER%/ % t/ms WA/ % t/ms
MDDTWnet 98.33 36.1 91.23 43.3 92.86 13.20
DTWnet 91.67 32.5 91.23 33.6 71.43 11.19
CNN 78.33 10.5 87.72 11.2 73.81 9.6
LSTM 78.33 12.7 47.37 14.4 61.90 11.20
SVM-GDTW 60.00 7.8 82.46 7.6 78.57 8.6
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