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Influence of train body lateral vibration on pointing error

in high-speed railway optical communication

GUO Jitao*, MIAO Huimin*, LIANG Yuwei®, WU Mingwei"
(a. School of Mechanical and Energy Engineering; b. School of Information and Electronic Engineering,

Zhejiang University of Science and Technology, Hangzhou 310023, Zhejiang, China)

Abstract: In order to study the influence of train body lateral vibration on the pointing error of
the free space optical (FSO) communication in the case of high-speed railway, first and
foremost, the formula of lateral composite irregularity spectrum was derived by employing the
spectrum of track direction and gauge irregularity of TB/T 3352—2014 the PSD of ballastless

track irregularities of high-speed railway. with the lateral composite irregularity data
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simulated by the spectrum formula; next, a 3-DOF lateral vibration model of 1/4 train body
was established, and the transfer function of differential equations of lateral vibration of train
body was derived by using the Laplace transform, constructing the Simulink model of the train
body vibration. The power spectrum density (PSD) of the lateral displacement of the train body
was derived, obtaining statistically the probability density function (PDF) of the simulated
lateral displacement of the train body; finally, the PDF of pointing error caused therein was
further derived by using the PDF of the lateral displacement of the train body. The simulation
has verified the formula of track lateral composite irregularity spectrum, the PSD and PDF of
the lateral displacement of the train body, and the PDF of pointing error caused by lateral
displacement. The PDF of pointing error obtained in this study can be used for channel
modelling and system performance analysis of high-speed railway FSO communication link.

Keywords: lateral composite irregularity spectrum; lateral displacement power spectral density;

pointing error; probability density function
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Fig.2 Track direction and gauge irregularity
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