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[Abstract] Ultrasonic water meters, due to their high precision and long service life, are gradually replacing
traditional mechanical water meters and have become an important direction for intelligent metering. However,
embedded ultrasonic water meters are limited by the memory, computing power and power consumption of
microcontrollers, making it difficult to directly deploy complex machine learning models. This paper presents a
lightweight LightGBM framework design method for embedded systems. This method is based on the principle
of time difference method and combines the multi—condition flow data collected experimentally. Firstly, a
benchmark model is established, and the predictive advantages of LightGBM are verified through comparative
experiments with linear regression and ridge regression. Based on this, this paper designs a lightweight process
including feature screening, model pruning, parameter quantization and code generation, effectively reducing
the model storage scale and computational complexity, and achieving efficient operation on
resource—constrained hardware. The experimental results show that the lightweight LightGBM outperforms the
linear model in both accuracy and stability. The MAE on the test set is only 25.65 L/h, approximately 50% of
that of the linear model, while the RMSE is reduced to 77.80 L/h, demonstrating excellent generalization
performance and engineering application value. The research in this paper provides a feasible technical path for
the embedded intelligent measurement of ultrasonic water meters.
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