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Real-time track anomaly detection and prediction correction model for

low-altitude traffic control platform

ZHANG Jian-ping'?, LUO Chuang"®, ZHANG Guang-yuan "*, WANG Zhi-yuan"?, CHEN Yun-xiang'*
(1. School of Transportation and Logistics, Southwest Jiaotong University, Chengdu 610031, Sichuan, China; 2. Low-altitude
Traffic Intelligent Control Key Laboratory of Sichuan Province, Chengdu 610031, Sichuan, China)

Abstract: An end-to-end integrated model of track anomaly detection and correction for low-altitude
traffic control platforms was developed. Four types of behavioral components, such as, statistical
outliers, physical envelopes, morphological patterns, and sequence residuals, were fused to form a

unified anomaly score, and anomaly identification was achieved by combining a feature fusion
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module, adaptive thresholding, and weight optimization. A unidirectional two-layer long short-term
memory prediction network combined with an attention mechanism was employed as the temporal
backbone, and a differentiable physical integrator, adaptive noise estimation, and Kalman update
were incorporated to obtain predicted reconstruction sequences. A back-propagatable loss function
was designed, and consistency distillation was adopted to align the outputs of different branches,
ultimately forming an end-to-end physics-aware Kalman long short-term memory network model.
The results show that in the anomaly detection task, compared with deep baseline models, the
harmonic mean score (F1), area under the average precision-recall curve (AUPRC), and area under
the ROC curve (AUROC) of the developed model under a fixed threshold increase by 5.95%,
4.16%, and 2.38%, respectively. In the prediction correction task, compared with a filtering-only
method and a prediction-only model, the root mean square error (RMSE) decreases by 15.2% and
21.7% , respectively. In terms of real-time deployment, when the optimal window size is 32, the
computational latency decreases by 76. 9% compared with the window size of 64 corresponding to the best
F1 value, while the F1 value decreases by only 0.57%. The model can balance the anomaly detection
reliability and real-time trajectory correction ability under millisecond-level latency constraints and can
provide effective methodological support for the development of real-time trajectory anomaly detection and
prediction correction functions of low-altitude traffic control platforms.
Keywords: low-altitude traffic; track anomaly detection; end-to-end model; deep learning algorithm;
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Fig.1 Conceptual of real-time anomaly detection and prediction correction function
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Table 4 Experimental results of the prediction correction function
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Fig.7 Predicting and correcting experimental results (track 1)
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Fig.8 Predicting and correcting experimental results (track 2)
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Fig.9 Predicting and correcting experimental results (track 3)
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Table 6 Performance results of model processing for anomaly
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Fig. 10 End-to-end model experimental results (track 1)
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Fig. 11 End-to-end model experimental results (track 2)
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