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Carbon dioxide detection technology based on the laser

occultation absorption spectrum
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Abstract: The advantages and disadvantages of fixed-wavelength laser occultation differential absorption
technology are analyzed, and the measurement principle of tunable laser direct absorption spectroscopy tech-
nology is introduced. The relationship between optimal wavelength transmittance and signal-to-noise ratio
and the relationship between measurement error and background light interference are analyzed. According
to the working wavelength range of the high-sensitivity detector, 6310.915 cm', 6310.893 cm,
6310.890 cm ™ and 6310.8834 cm ™' are selected as the absorption working wavelengths, and 6310.15 cm™ is
selected as the reference wavelength, and the detection ability of each wavelength is simulated and analyzed.
Simulation results show that the detection error of a CO, concentration is better than 0.9% in the range of
5~35 km and better than 0.4% in the range of 7~42 km with a vertical resolution of 1 km. This technology re-
duces the cost and complexity of the system, and is beneficial to the design and implementation of space-
borne products.
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Tab.1 System simulation parameters

System parameter Value Unit
Orbit altitude of laser transmitter 500 km
Orbit altitude of laser receiver 600 km
repetition rate 40 Hz
Laser power 1 w
Laser wavenumber 6309.8834~6311.8834 cm™!

6310.915@5~10 km, 6310.893@11~18 km, .
Absorption wavenumber cm

6310.890@19~26 km, 6310.8834 @27~39 km
Reference wavenumber 6310.15 cm™
Laser line width 10 MHz
Laser beam divergence 0.3 mrad
Telescope diameter 0.3 m
System optical efficiency 0.5 1
Detector responsivity (InGaAs-APD,

10.3 AW
C30662, 1584.6 nm)
Nominal gain 10 1
Noise factor 5.5 1
Dark current 45 nA
Spectral noise current 0.7 pA/rt (Hz)
Bandwidth 3000 Hz
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