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Design and application of self-powered ubiquitous positioning system
for freight wagons

TU Dilong', QIN Yong', LIU Mengzhou', JIA Haixia', LIU Xia’, MENG Xianhong’

(1. State Key Laboratory of Advanced Rail Autonomous Operation, Beijing Jiaotong University, Beijing 100044, China;
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3. CHN ENERGY Shuohuang Railway Development Co., Ltd., Suning, Hebei 062350, China)

Abstract: Recent years have seen a further expansion of railway cargo services in both capacity and coverage, particularly with the
increasing number of intercity and cross-border freight trains. This ongoing growth makes it crucial to monitor and track the position of
each train in real time for improving the safety and operational flexibility of freight transport. This paper presents a self-powered ubiqui-
tous positioning system that integrates multiple functions, including the self-supply of energy sourced from the running gear, the collec-
tion of global universal positioning information, the wireless transmission of data, as well as the back-end analysis and warning. This sys-
tem comprises an electromagnetic energy harvesting module that efficiently collects kinetic energy from the operating freight trains to
power subsequent nodes. The incorporation of a positioning module and wireless transmission module enables the real-time monitoring,
transmission, and processing of train positional information on a global scale. Additionally, this system supports human-computer interac-
tion through upper computers to implement the functions of data access, abnormal data monitoring, and warning. Test results demon-
strate the system’s capability in the real-time monitoring of positional information while achieving energy self-supply by the energy har-
vesting module that can collect train vibration energy within a wide frequency range of 6 to 66 Hz, aided by the low total instantaneous
power consumption of the system.

Keywords: freight wagons; self-powered; ubiquitous positioning terminal; vibration energy harvesting; electromagnetic; finite

element
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