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Fig.1 Schematic diagram of the atmospheric multi-parameter lidar system
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Tab.1 System parameters of the atmospheric multi-

parameter lidar

Parameter Value
Wavelength range of ECDL/nm 1530-1620
Wavelength for CO, detection/nm (())?f 1127721352

Pulse energy/pJ 80
Repetition frequency/kHz 10
Diameter of collimator/mm 80
Diameter of telescope/mm 70
Spatial resolution/m 120
Temporal resolution/min 1
Maximum detection range/km 6
Azimuth scanning range/(°) 0-360
Zenith scanning range/(°) 0-90

Detection efficiency 315%@ 1572
D70 nm

of SNSPD
Active area diameter/um 50
Pixel number 9
Dark count rate/cps 100
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Fig.2 Results of the range-corrected echo signal PR* and wind vector for horizontal scanning on 2022-05-02 (Wind vectors represents the wind speed

and direction, with the long barb representing the wind speed of 4 m/s and the short barb representing the wind speed of 2 m/s)
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Fig.4 Two sets of horizontal scanning results of CO, concentration and wind vector on 2023-03-29 and 2023-03-30
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Fig.5 A set of horizontal scans on 2023-03-31. (a) Schematic diagram of the measurement area; (b) CO, concentration horizontal scanning results; (c)

Horizontal wind speed measurement results
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Tab.2 Spectral parameters and the lower limit of optimal concentration of detectable dangerous gases in the

chemical industry park

Environmental Lower limit of optimal

Molecular Wavenumber/ Wavelength/ Line strength/ Ground state energy/ . .
formula ! m em?-em--mol! em! concentration/ concentration/
ppm ppm
CO, 6359.967 1572.352 1.76x107% 106.130 415.0 74.00
co 6377.407 1568.035 2.22x107% 107.642 1.1 38.00
H,S 6369.810 1569.906 6.17x107 114.178 2.0x107* 11.00
NH; 6528.900 1531.652 1.35%107 298.300 3.6x107* 1.18
CH4 6176.993 1618911 1.53x107% 376.730 1.5 36.00
C,H, 6529.172 1531.588 1.17x10°%° 155.289 1.0x10™* 0.16
CS, 6466.295 1546.481 3.33x107% 101.477 3.0x10°¢ 8.07
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Application of atmospheric multi-parameter lidar in safety,
environmental protection and carbon dioxide monitoring in chemical

industrial parks

Xia Qiuwei'**, Zhang Zhen'??, Yu Saifen'*"", Xia Haiyun'*?, Pan Fanfeng'

(1. School of Atmospheric Physics, Nanjing University of Information Science and Technology, Nanjing 210044, China;
2. National Center of Carbon Metrology (Fujian), Nanping 353011, China;

3. Fujian Ruitan Optoelectronic Precision Instrument Co., Ltd., Nanping 353011, China)

Abstract:

Objective The chemical industry occupies an important position in the national economy. However, it is also
facing challenges such as environmental pollution, carbon dioxide emission, resource consumption and safety
risks. Therefore, it is particularly important to develop remote sensing technology that can monitor pollutant
discharge, dangerous gas leakage, wind and rain and other meteorological elements in chemical parks with high
sensitivity, high stability, wide range and continuous day and night monitoring. In recent years, 1.5 um lidar has
been regarded as an important detection means for the detection of atmospheric environment and atmospheric
parameters due to its advantages of human eye safety, continuous day and night observation, high spatial and
temporal resolution, all-fiber integration, low power consumption and high stability. At present, differential
absorption lidar (DIAL) has been used to detect the concentration distribution and flux emission of various
greenhouse gases and dangerous gases, while coherent wind lidar (CDWL) is also widely used to detect
atmospheric multiple parameters such as wind field, aerosol and precipitation. Lidar has gradually become one of
the important means of safety and environmental protection monitoring in chemical parks. For this purpose,
atmospheric multi-parameter detection lidar is applied in the field of safety and environmental protection in

chemical industry park.

Methods For simultancous detection of aerosols, gases, and wind fields, we built an atmospheric multi-
parameter lidar system integrating direct detection module and coherent detection module (Fig.1 and Tab.1). The
outgoing light source uses a tunable external cavity semiconductor laser (ECDL) as the detection light source (On
wavelength laser) and a fiber laser as the reference light source (Off wavelength laser). the ECDL's outgoing
frequency is locked by the optical frequency comb. The receiving system consists of two parts: direct detection
module and coherent detection module. In direct detection module, the signal is detected by a large area
superconducting nanowire single photon detector (SNSPD). Gas detection requires high sensitivity, and SNSPD
provides a higher signal-to-noise ratio than coherent detection techniques. In coherent detection module, the
backscattered signal is coupled with the local oscillator light and detected by a balanced detector. In this system,
direct detection module uses differential absorption technology of molecular spectrum for gas detection, and
coherent detection module uses range correction echo signal, doppler frequency shift, turbulent kinetic energy
dissipation rate (TKEDR), the velocity gradient of wind profiles and power spectrum deep analysis technology for

pollutant, wind, rain, turbulence and wind shear.

Results and Discussions Firstly, by combining the detection results of range correction echo signal PR? and

wind vector, the atmospheric multi-parameter lidar can be used for the early warning and monitoring of pollutant
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emission tracing and diffusion. The stability of monitoring and the accuracy of tracing are verified by experiments
(Fig.2-3). Then, the accuracy and stability of carbon dioxide monitoring by the atmospheric multi-parameter lidar
were verified through long-term and large-scale monitoring experiments on CO, distribution in chemical industry
park (Fig.4-6). Finally, in view of the simultaneous detection of wind and rain by CDWL, the atmospheric multi-
parameter lidar is applied to the fine meteorological support of the chemical industry park, and the meteorological

observation capability of the atmospheric multi-parameter lidar is verified by observation experiments. (Fig.7).

Conclusion and Prospect A set of atmospheric multi-parameter lidar integrated with direct detection and
coherent detection is applied to the safety and environmental protection of chemical parks. In general, the
atmospheric multi-parameter lidar has a good application prospect in the field of safety and environmental
protection in the chemical industry park, which can accurately and stably achieve tracing of pollutant emissions,
monitoring gases, and refined meteorological support. The application of atmospheric multi-parameter lidar in
chemical industry park can effectively improve the level of environmental protection and optimize the ability of
safety management, and realize the sustainable development of chemical industry park. Due to the use of scanning
light sources, it is theoretically possible to achieve the detection of a variety of gases. (Tab.2) In the future, we
will use atmospheric multi-parameter lidar to detect a variety of dangerous gases in the chemical park, and plan to
integrate polarization detection capabilities on atmospheric multi-parameter lidar to enhance pollutant and gas

classification capabilities.
Key words: lidar;  chemical industry park;  environmental monitoring;  atmospheric remote sensing
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