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Wavelength selection and detection capability simulation of the mid-
infrared DIAL for NO, detecion
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Abstract: Differential absorption lidar(DIAL) is an effective way to measure the concentration of nitrogen
dioxide in extensive air with high precision. Based on the tunable solid—state laser absorption technique,
the principle and systematic structure of differential absorption lidar were introduced. The absorption
spectra of nitrogen dioxide in the range from 3.410 pm to 3.435 pm were measured with a step of 0.01 nm.
The experimental results show that the correlation coefficient between the measured and the simulated
absorption spectrum reaches to 92.01% at the standard condition (i.e., 1.0 atm, 25 C). Based on the
analysis of measured absorption spectrum,the laser wavelength pair which includes the on-line 3.424 wm
and the off-line 3.414 pm is determined. In addition, the signal pre—processing and denoising methods
were studied. The simulation results show that the concentration errors of nitrogen dioxide can be less
than +0.1 mg/m’ within 1 km by combining the signal pre—processing and the multiple autocorrelation.
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Fig.1 Structure of MI-DIAL system
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Tab.1 System parameters of MI-DIAL

Parameter

Value

Laser wavelength

On-line: 3 424 nm
Off-line: 3 414 nm

Pulse energy/mJ 1
Filter bandwidth/nm 25
Detector bandwidth/MHz 5 MHz
Detector active area/mm?® 2x2
Acquisition rate/MS +s™ 60
Pulse width/ns 20
Pulse repetition frequency/Hz 500
Laser divergence angle/mrad <1

Detector type VIGO-PVI-4TE-3.4

Detector responsivity/A - W 1.1
Acquisition card type M2i-4960

Acquisition effectivity bit/bit 16

Receiving angle of view/mrad 1
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Fig.2 Absorption spectrum characteristics of the main
atmospheric components (NO,, CH,, H,O, CO,) in
the selected infrared bands(3.4-3.5 pm)
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Fig.5 Power ratio of two laser beams in two kinds of

cumulative average order(1 000 pulses)
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Fig.6 Echo signal of single pulse without noise
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