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An LSTM-based probabilistic prediction model for clock jitter

Ming Cheng
School of Communications and Information Engineering, Nanjing University of Posts and Telecommunications,
Nanjing, Jiangsu

[ Abstract] Driven by the real-time clock jitter estimation demands in power-electronics-dominated power systems,
we use the long short-term memory (LSTM) network to develop a probabilistic prediction model that provides conditional
jitter estimates and their associated uncertainty simultaneously. The model uses a dual-head architecture, where a mean
head predicts the conditional jitter estimate and a variance head quantifies the prediction uncertainty. We introduce a
logarithmic calibration term into the loss function and adopt a three-stage training strategy: pre-training with mean squared
error, jointly optimizing with a weakly calibrated loss, and fine-tuning of the variance head separately. We further inject
the white noise variance into the variance head as a non-trainable engineering prior. On simulated datasets, the model
achieves a mean squared error of 7.12X10"® s?, a normalized residual standard deviation of 1.105, and a stable median
variance around 4.87 X 108 s2 across signal frequencies of 1~9 Hz. Comparisons with standard LSTM and a Kalman filter
show that the proposed model can maintain point prediction accuracy close to that of the standard LSTM and deliver well-
calibrated variance outputs. It shows strong generalization and reliable uncertainty quantification on stationary, slowly
varying, and abruptly changing non-stationary test data.
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