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Fig. 1. Schematic illustration of the spectral transmis-
sion at the reflection field of the HSRL spectral filter:
(a) The spectral transmission in the reflection field of
FP etalon (FPE); (b) the molecular and aerosol com-

ponents in the output spectrum of the filter.
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Fig. 2. Schematic diagram of FPE optical system.
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Fig. 3. Variation curves of spectral separation ratio
and Rayleigh scatting signal transmittance with re-
flectivity and cavity length of FPE.
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Table 1. HSRL system specifications employed by

simulation.
Specification Value
Wavelength 532.1 nm
Laser Energy per pulse 300 mJ
Spectral linewidth (FWHM) 100 MHz
Telescope diameter 230 mm
Field of view 0.1 mrad
Receiver Solar filter bandwidth 1 nm at 60%
optics R/T* of beam splitter 30/70
Quantum efficiency of PMTs 0.238
Range resolution 50 m

Height/km

0 0.5 1.0 1.5 2.0
Optical depth

K5 O E TR US B RO T R £

Fig. 5. Profiles of atmospheric backscatter ratio and optical depth at 532 nm versus height used for numerical

calculation.

184202-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % R Acta Phys. Sin. Vol. 66, No. 18 (2017) 184202
(a) (b)
10 10
8 - 8
gy E ol
S~ S~
=, L =, L
2 2
0 L | L | L | 0 |
0 5 10 15 20 0.0250 0.0255 0.0260

Relative error of 8,/%

K6 REREICEBOLHZESHRE

Absolute error of T

(a) J& M BRR REUARTRZE; (b) KRG R ART 1R %

Fig. 6. Retrieval errors of optical parameters for HSRL: (a) Backscatter coefficient; (b) optical depth.
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Abstract

An accurate aerosol optical property can be obtained by a high spectral resolution lidar (HSRL) technique, which
employs a narrow spectral filter to suppress Mie scattering in the lidar return signal. The ability for filter to suppress
Rayleigh scattering is critical for the HSRL. In the HSRL system, Rayleigh scattering signal is obtained and aerosol
scattering is suppressed at least by a factor of 1075 through using the narrow filter. Usually, an atomic absorption filter
can reach this level. While, the gaseous absorption lines do not exist at many convenient laser wavelengths, thus restricting
the development of multi-wavelength HSRL instrument. A new and practical filtering method is proposed to realize the
precise detection of atmospheric optical parameters by using the reflection field of Fabry-Perot (FP) interferometer. An
optical splitting system with high spectral resolution is designed and its spectral characteristics are analyzed. Based on
the characteristic of hyper-spectral lidar detection signal, the variations of spectral separation ratio and Rayleigh signal
transmittance with reflectivity and cavity length are discussed. Spectral separation ratio is the transmittance ratio of
aerosol scattering signal to molecular scattering signal through the spectral filter. With the increases of FP cavity length
and surface reflectivity, the spectral separation ratio decreases and the Rayleigh signal transmission increases. The high
spectral separation ratio and Rayleigh signal transmittance can be achieved by the reflection field of FP interferometer
when the FP cavity length and reflectivity parameter can be chosen reasonably. We design an FP interferometer with
a cavity length of 36 mm and reflectivity of 0.4. Its spectral separation ratio is affected by the echo divergence and
incidence angle. The spectral separation ratio keeps unchanged when the beam divergence angle is within 3 mrad and
the incident angle of the beam is within 0.5 mrad. In addition, a simulation analysis model is established based on the
error propagation. An observed actual Mie-scattering profile is used for analyzing the errors. Moreover, the influences
of the divergence angle and the incident angle of the echo beam on detection results are also discussed. The results show
that the proposed FP interferometer can achieve fine spectral separation of Mie and Rayleigh scattering signal, and the
error of detection result is not sensitive to laser divergence angle. Fine aerosol optical parameters can be achieved when

the divergence and incidence angles are controlled within 10 mrad and 1.5 mrad, respectively.

Keywords: lidar, high-spectrum, Fabry-Perot interferometer, aerosol
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