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Visualization of dust flow near the ground surface provides information on the dynamics of local 
wind fields and the interaction between dust and wind. It is beneficial in dealing with air pollution 
and health issues. In this work, we propose a low coherence Doppler lidar (LCDL) to measure dust 
speed at a near-surface atmosphere. High spatial and temporal resolution measurements are needed 
to get dust flow information at a near-surface atmosphere because dust flow near the ground moves 
quickly in a local area. A low coherence light source of Δλ = 0.5 pm can satisfy this high-resolution 
criterion of less than 1 m. In addition, by shortening the integration time to < 5ms, high-speed 
measurement can be performed and adjusted to the small spatiotemporal scale in the lower 
atmosphere. The LCDL system consists of a transmitting, receiving, fiber optical system, 
heterodyne detection system, and signal processing system. The transmission optical light source 
is a 976 nm distributed feedback laser diode (DFB-LD) bulk element specially produced by 
Hamamatsu Photonics. A coherence length of 0.8 m was obtained by controlling the driving 
current and element temperature of the DFB-LD. The output power is about 0.7 W. The 
measurement distance can be arbitrarily determined by changing the length of the fiber used for 
the reference optical path. With a sampling rate of 250 MSa/s, each data is acquired every 5 ms, 
and fast Fourier transform (FFT) analysis is performed on every 5 μs data. A dust experiment was 
conducted to evaluate the lidar's performance. Doppler shift measurement was performed by 
spraying dust (wheat flour) in a wind tunnel using a circulator. The wind direction by the circulator 
was headwind with respect to the lidar's line of sight. The dust speed estimated by LCDL was 
compared with an anemometer installed inside the wind tunnel. At speeds ranging from 0 to 5 m/s, 
they are in good agreement within an accuracy of 0.2 m/s. The distribution of dust flow, which can 
be measured from the doppler shift frequency width of > 1MHz, is obtained. This is because the 
flour has a light density of 0.6 g/cm3 and has been floating in the air for a certain time interval. We 
simulated the motion of the dust in a condition with a viscous resistance. The interference signal 
based on the extinction coefficient is calculated. The waveform obtained by the calculation also 
has a wider Doppler shift frequency width of > 1MHz. The simulation results coincide well with 
the experiment. We plan to implement field experiments to measure local wind speed using this 
system in the future. 

 

 


