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Abstract

To improve the measurement accuracy of wind speed/direction and enhance the anti-interference ability in complex environments,
this study designs a three-dimensional wind measurement system based on the ultrasonic time difference method. In this paper, an
orthogonal layout of ultrasonic transducer arrays is adopted, combined with the chaotic genetic particle swarm optimization algorithm
to suppress noise interference. Real-time data calculation is achieved through the STM32 microcontroller, and an upper computer
interaction system supporting the GEMESA protocol is developed. The experimental results show that in the wind tunnel test, the
relative error of the system wind speed measurement is stable within the range of 0.8%~0.9%, which meets the accuracy requirement
of <1% for ultrasonic anemometers in wind power generation as stipulated in NB/T10210-2019. This system significantly reduces
the signal distortion rate and the deviation in rainy and foggy environments, providing a highly reliable solution for intelligent wind
measurement in wind farms.
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