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An Automatic Line Load and Fault Detection Device Based
on a Self-Balancing Bridge and STM32
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Abstract

This paper presents a device capable of automatically detecting line load conditions and short-circuit faults, featuring real-time
load identification, fault alarming, and short-circuit location without human intervention. The system employs an STM32H7431IT6
microcontroller as the main controller, utilizing its built-in 14-bit SAR ADC together with an external 24-bit A—X ADC (ADS131A04)
for high-precision signal acquisition. A relay module switches between load-detection and fault-detection modes. The load detection
is based on a self-balancing bridge method to accurately measure the amplitude and phase of voltage and current, while short-circuit
distance estimation uses a high-frequency phase-comparison technique. On the software side, low-pass sampling, Fast Fourier
Transform (FFT), and All-Phase FFT (AP-FFT) algorithms are integrated to extract impedance characteristics, classify load types
(resistive, inductive, capacitive, and their combinations), compute component parameters, and estimate fault distances. Experimental
results demonstrate that the measurement error of component parameters is less than 3%, and the short-circuit localization error
remains below 5% even under interference, confirming the system’s high accuracy and robustness.
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