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Precision Time Synchronization by Extended PI Disturbance Compensator

DATI Xue-Wu' JIA Zhi-An' CUI Dong-Liang' CHAI Tian-You'

Abstract Precision time synchronization is one of the enabling technologies for mission-critical industrial net-
worked control systems. To address the precision degradation due to crystal oscillator’s frequency drift caused by
external disturbances and environment changes, such as the periodic acceleration and vibration which are and com-
monly found in industrial environments, this paper proposes a novel disturbance compensation structure based on
an extended proportional integral (PI) observer for effectively eliminating the effects of periodic disturbances. A dis-
turbance rejection feedback control method is proposed to achieve the precision time synchronization. The pro-
posed extended PI disturbance compensator overcomes the zero-point invariance limitation of the conventional dis-
turbance observer and a zero-point configuration is adopted to make full use of the rank deficiency of the transfer
function matrix (TFM) at zeros of the closed-loop system to achieve the compensation effect for frequency-specific
disturbance signals. The stability of the proposed controller and disturbance compensator is proved and the conver-
gence domain of the controller parameters is also given. Through the simulation experiments of the wireless net-
work based on measured parameters, it is verified that the proposed method significantly outperforms the conven-
tional observers and compensators and synchronization errors within 4 ps are achieved under 5 g periodic vibra-
tion.
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