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— optical fiber
— electrical wire

PC

BS: beam splitter;

BD: balanced detector;
BPF: band pass filter;
LPF: low pass filter;
PC: personal computer

AOM: acoustic-optic modulator;
LNA: low noise amplifier;

PS: power splitter;

ADC: analog-to-digital converter;
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Fig. 1 System setup of the lidar
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Table 1 Key parameters of the lidar

Device Parameter Value
Wavelength /nm 1550
Pulse duration /ns 200
Laser Pulse energy /pJ 80
Pulse repetition rate /kHz 10
LO power /mW 0.8
Aperture /mm 100
Telescope Focal length /mm 550
LMAF mode-field diameter /pm 25
BD bandwidth /MHz 220
BPF bandwidth /MHz 50-110
BPF insertion loss /dB 1
BPF stop band suppression /dB 60
Receiver
Power spliter 1 1:1
Power spliter 2 1:2
Sampling rate of Ch, /(MSa-s ") 250

Sampling rate of Ch,,, /(MSa-s ') 50
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Doppler Wind Lidar Adopting Radio-Frequency Edge Discriminator

Wu Kenan'?, Hu Jiadong', Xia Haiyun'”, Wei Tianwen'", Qiu Jiawei'
'School of Atmospheric Physics, Nanjing University of Information Science and Technology, Nanjing 210044,
Jiangsu, China;
*School of Earth and Space Science, University of Science and Technology of China, Hefei 230026, Anhui, China

Abstract

Objective  Coherent Doppler wind lidar (CDWL) requires real-time signal processing with high computational
complexity, which hinders the development of portable systems with high spatiotemporal resolution and long detection
ranges. Despite successful implementations in various fields, high sampling rate analog-to-digital converters (ADCs) and
real-time signal processing with digital signal processing (DSP) or graphics cards pose challenges for subsequent data

storage and processing.

Methods We propose a Doppler shift estimation method using a real-time radio frequency (RF) discriminator in CDWL.
Inspired by the direct detection Doppler wind lidar (DDWL), this method converts the returned laser signal into easily
processed electrical signals through a balanced detector. Subsequently, a low-complexity frequency extraction is achieved

using an RF edge discriminator.

Results and Discussions In the demonstration experiment, the comparison results between the proposed CDWL and the
conventional CDWL show good consistency under both weak and strong wind conditions. Specifically, under strong wind
conditions, a radial wind velocity difference of less than -1 m/s is achieved within a range of 2 km, with a spatiotemporal

resolution of 30 m and 0.1 s.

Conclusions By combining the advantages of CDWL and the edge technology DDWL, we propose and demonstrate a
real-time data processing CDWL based on an RF edge discriminator. The results of the comparative experiments verify the

feasibility and effectiveness of the new method.

Key words lidar; atmospheric optics; aerosol detection; optoelectronics
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