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Abstract

The stable operation of railway signaling systems relies on the reliability of track circuits, where the degradation of compensation
capacitors significantly impacts signal transmission quality. This study presents an integrated and intelligent on-board fault diagnosis
system for ZPW-2000A non-insulated track circuits. Based on electromagnetic induction principles, the system establishes a feature
extraction mechanism by combining transmission line and two-port network models, with intelligent diagnosis achieved through
gray relational analysis. The hardware core, STM32F412RGT6, integrates signal excitation, filtering, voltage sampling, and
communication functions, enabling real-time data acquisition and PC interaction. Experimental validation demonstrates the system’s
advantages in high precision, cost efficiency, and strong real-time performance, providing technical support and application prospects
for intelligent track circuit condition monitoring and efficient railway maintenance.
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