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A clock synchronization/calibration system combining EKF and
LSTM neural networks

XU Tao', GUO Chenyu!, ZHAO Cheng?

(1. Faculty of Automation Engineering, Shenyang Aerospace University, Liaoning 110136, China; 2.
Shenyang Aircraft Corporation, Liaoning 110031, China)

Abstract: Research on methods to improve the timing accuracy and timekeeping capability of timing
signals under satellite timing. By using a crystal oscillator counter, the crystal frequency information at the
moment of each second pulse is recorded; the recorded historical information is input into an extended
Kalman filter (EKF) for filtering, to eliminate the random error of the satellite second pulse signal, and extract
the accumulated time of the first N seconds of the BeiDou satellite pulse 7cy, and the crystal oscillator
frequency fre(k) at time k; and the crystal oscillator change rate v(k) at time k; and the historical data output
by the EKF is used as the training set, input into the long short-term memory (LSTM) network to establish a
prediction model; the algorithm parameters are debugged using the control variable method to find the most
suitable prediction model. The experimental results show that the maximum error of the timing signal output
by the timing algorithm is 34 ns; the cumulative error of the timing algorithm in 8 hours is 1.001 ps, and the
average error is less than 0.125 ps/h. This effectively improves the timing and timekeeping accuracy of the
system.

Keywords: extended Kalman filter (EKF); LSTM neural network; time synchronization; time service;

crystal oscillator modeling
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Research on tropospheric refractivity prediction method
based on BP neural network

QIAN Zhigang, YANG Dongsheng, GUO Xiaotong, LI Xue
(China Research Institute of Radiowave Propagation, Qingdao 266107, China)

Abstract: For satellite navigation systems, positioning errors are affected by the refractive index of the
troposphere atmosphere. Improving the accuracy of predicting the refractive index of the troposphere
atmosphere can reduce navigation positioning errors. The refractivity of tropospheric atmosphere is the main
parameter for studying the influence of the troposphere on the propagation of electromagnetic waves, and the
accuracy of its predictions is of great significance for radio systems. In this paper, a tropospheric refractivity
prediction method based on BP neural network is proposed, which takes the year, month, day, time, surface
refractivity, and altitude as the input of the BP neural network, and the corresponding refractivity at the input
altitude as the output of the model. Similarly, by adjusting the input and output parameters, the BP neural
network can also be used to predict the refractivity gradient of 1 km near the ground. Finally, the proposed
algorithm is calculated and analyzed by using the historical aerial exploration data of Hongkong and Taiyuan,
and compared with the methods in the existing papers. The results show that the proposed method has certain
advantage in the calculation accuracy.

Keywords: BP neural network; tropospheric refractivity; refractivity gradient
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