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Atmospheric Optical Path Airflow Disturbance Analysis Method
Based on Convolutional Neural Network
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Shanghai Jiao Tong University, Shanghai 200240, China

Abstract A method to investigate optical path turbulence based on laser spot distortion and a convolutional neural
network (CNN) is proposed. Utilizing the CNN, we evaluated the spot distortion of laser beams resulting from
airflow disturbance in space propagation. As a result, details of turbulence on the beam propagation path can be
obtained. Experimental results demonstrate a high correlation between the evaluation parameter and the turbulent

intensity (wind speed) measured by an anemoscope. The proposed method provides a turbulence analysis with short

distance, high speed, and low cost.
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Fig. 2 Schematic of turbulence analysis based on spot
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Table 1 Comparison between CNN-based method and traditional gravity center-based method

Property

Traditional method

CNN-based method

Utilization rate
Information of single pattern
Compressibility of pictures

Response to turbulence Slow

Few, need serveral to obtain variance, etc

Low, 3-channel transferred to 1 gray level High, three channels can be used as input

Much, feature extracted using CNN

Low. background information needs to be retained High

Fast, real-time
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Fig. 5 Far-field spot evolution when the beam propagation is affected by the turbulence. Corresponding wind speed:
(a) below 5 km/h; (b) near 10 km/h; (¢) near 15 km/h; (d) over 20 km/h
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