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Design of Miniature Ultrasonic Anemometer of Wind Speed
and Direction Measurement for UAV

ZHENG Jian'”, LU Huiguo'””, FANG Wenxian'"
(1. College of Electronic Engineering, Chengdu University of Information Engineering, Chengdu 610225 ,China; 2. Key Open Laboratory
of Atmospheric Exploration, China Meteorological Administration, Chengdu 610225, China;3. Chengdu Plain Urban Meteorology and Environ-
ment Sichuan Field Scientific Observation and Research Station, Chengdu 610225, China)

Abstract: The use of Unmanned Aerial Vehicles (UAVs) equipped with anemometers allows for effective detection of
near-surface wind field structures, enabling source tracing of pollutants and prediction of pollutant dispersion speed and
direction. However,the size limitations of UAVs require compact and highly accurate anemometer devices. In this pa-
per,a small-sized ultrasonic anemometer is designed based on the principle of acoustic resonance. Compared to tradition-
al ultrasonic anemometers ,the entire design adopts a non-bidirectional transmission and reception structure and utilizes a
domestically-produced Field-Programmable Gate Array ( FPGA) for phase detection. The overall device has a compact
size ,with wind speed and direction measurement accuracy comparable to similar types of ultrasonic anemometers. It
weighs only 120 g and consumes less than 0.5 W of power. Wind tunnel tests were conducted comparing it with the TP-
M12D ultrasonic anemometer. The maximum measured wind speed was 35 m/s, with wind speed measurement errors
within +0.5 m/s at low wind speeds and within +5% at higher wind speeds. Under fixed azimuth angles, wind direction
measurement errors within +4° were observed for wind speed fluctuations within the designated range ,and the maximum
wind speed measurement error under different azimuth angles was within 10% . These results demonstrate its suitability
for wind measurements in UAV applications.

Keywords: UAV wind measurement ;ultrasonic wind speed and direction instrument ; FPGA ; phase detection





