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Fig. 1. Overall technical route of laser heterodyne system.
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Fig. 2. Forward transmittance spectrum based on RFM
simulation and selected detection window.
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Fig. 3. Experimental results of the laser heterodyne: (a) The

high-resolution heterodyne signal of COy; (b) the sunlight
signal tracked in real time; (c) the DC signal of the laser.
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Fig. 4. Principle of the wavenumber shift calibration: (a) Wavenumber shift between the reference signal and real signal; (b) the

process of calculating the wavenumber shift. The inset shows the result of correlation coefficients.
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Fig. 5. (a) Temperature and (b) pressure profiles.
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Fig. 7. Inversion results of LHR data: (a) Experimental and fitted LHR spectrogram and convergence of iterative process (illustra-

tion); (b) residue; (c) and (d) obtained prior and inversion vertical concentration profiles of CO,, respectively.
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lowest point of transmittance spectrum after adding
5000 times.
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Abstract

In this paper, a near-infrared laser heterodyne spectrometer developed by the laboratory is used to
investigate the inversion of greenhouse gas column concentration and approximately evaluate the system
measurement errors based on the optimal estimation algorithm. Firstly, the spectral database and the
calculation results from the reference forward model are compared with the ground-based FTIR results, thereby
selecting the detection window, the corresponding laser and detector. Secondly, the optimal estimation
concentration inversion algorithm based on the reference forward model is established, and the Levenberg-
Marquardt (LM) iterative method is adopted to realize the inversion of the concentration and vertical
distribution profile of atmospheric CO, column in the whole layer, and the long-term observation comparative
experiment is carried out to verify the feasibility of this algorithm. Finally, by simulating the selected detection
window spectrum in different white noise, the approximate corresponding relationship between the system
signal-noise-ratio (SNR) and CO, column concentration measuring error is eventually obtained. This research is
an indispensable theoretical calculation part of the detection system and will conduce to improving the

application of laser heterodyne technology in atmospheric observations.

Keywords: laser heterodyne, measuring error, the reference forward model, CO, column concentration

PACS: 42.62.Fi, 78.47.jh, 32.30.Bv, 29.30.-h DOI: 10.7498/aps.69.20200125

* Project supported by the National Key Research and Development Program of China (Grant No. 2017YFC0209700) and the
Key Program of the National Natural Science Foundation of China (Grant No. 41730103).

1 Corresponding author. E-mail: gswang@aiofm.ac.cn

144201-9


http://doi.org/10.7498/aps.69.20200125
http://doi.org/10.7498/aps.69.20200125
mailto:gswang@aiofm.ac.cn
mailto:gswang@aiofm.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

