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Abstract The middle atmosphere is detected based on the echo photon signal of Rayleigh lidar, com-
bined with the optimal estimation method, the atmospheric temperature is retrieved. In this paper, the
forward model is established based on the Rayleigh scattering lidar equation, the temperature profile of
the atmospheric model is selected as the prior state information, and the cost function for optimization is
constructed, and the cost function is optimized using the Levenberg-Marquardt optimization algorithm,
get the inversion results of atmospheric temperature, and use the average kernel matrix to evaluate the
contribution of the real information in the inversion results while analyzing the uncertainty of the inver-
sion results. Using the simulated echo signal generated by the Rayleigh lidar equation, the inversion pro-
cessing and analysis of the atmospheric temperature is carried out, and the optimal estimation inversion
of the atmospheric temperature is carried out on the Rayleigh lidar measured data provided by the Na-
tional Space Center of the Chinese Academy of Sciences. The results show that the inversion uncertain-
ty below 90 km is within 10 K, and compared with the CH method, the optimal estimation method has
the advantage of a higher inversion effective range; the inversion uncertainty is small, and the contribu-

tion of real information to the inversion results is dominant.
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CH inversion simulated echo photon number profile (a) and signal-to-noise ratio (b)
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