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Detection and Analysis of All-Day Atmospheric Water Vapor
Raman Lidar Based on Wavelet Denoising Algorithm
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School of Mechanical and Precision Instrument Engineering, Xi’an University of Technology,
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Abstract A method based on the wavelet threshold denoising algorithm is proposed for the suppression of solar
background light, so that the separation of the real signal from the noise in the Raman returned signal can be
realized and the background noise in daytime can be removed. Based on all-day data measured by atmosphere water
vapor Raman lidar system built in Xi’ an University of Technology, influences of decomposition level, wavelet
function, threshold function, and threshold selection method on the denoising results of returned signal in daytime
are discussed. Signals before and after denoising are compared and denoising evaluation functions are compared. We
adopt wavelet sym6, decomposition of five layers, improved threshold function, and improved threshold method to
obtain the better denoising effect for water vapor Raman and Mie-Rayleigh scattering signals in daytime.
Furthermore, profiles of the atmospheric water vapor mixing ratio, and the results of signal-to-noise ratio (SNR) of
water vapor are discussed. Results show that SNR for lidar water vapor measurement increases by 3.4 times in the
denoising process. and the water vapor detection range can be improved up to over 3 km from 1.5-2 km in daytime.
Lidar continuous detection experiments and denosing process are carried out during 24 h. Variation characteristics of
the atmospheric water vapor mixing ratio are obtained below boundary layer, and the results agree with data from
near-surface weather stations. It is verified the feasibility and effectiveness of the wavelet denoising algorithm used

in all-day atmospheric water vapor detection.
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SHG: second-harmonics generation;
THG: third-harmonics generation;
DM: dichroic mirror; IF: interference filter

atmosphere
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Fig. 1 Schematic of Raman lidar system for

water vapor measurement
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Table 1 Specification parameters of Raman lidar system

Parameter Value

Laser wavelength 354.7 nm
Laser energy per pulse 150 m]J
Laser pulse repetition rate 20 Hz
Telescope diameter 600 mm

Field of view 0.2 mrad

Focal length 2000 mm

R>99% at 350-365 nm,

DM1
T>>90% at 380-430 nm
R>>99% at 360-395 nm,
DM2
T>90% at 400-430 nm
Central WL of IF1 354.7 nm
Bandwidth of 1F1 0.5 nm
Peaktransmittance of IF1 65%
Central WL of 1F2 386.7 nm
Bandwidth of 1F2 0.5 nm
Peaktransmittance of 1F2 65%
Central WL of 1F3 407.6 nm
Bandwidth of IF3 0.5 nm
Peaktransmittance of 1F3 65%
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