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compact full-range laser methane probe with a wide temperature range of — 40~60°C is designed. To
reduce the volume of probe, cascade structure design is adopted for circuit. Single—chip microcomputer
STM32F405 is used to realize laser temperature control, wavelength scanning modulation, digital phase-
locked amplification and real-time inversion of concentration information. The circuit system and gas
chamber are encapsulated in a stainless steel case of only @35 mm X 60 mm, with windows in the middle to
achieve physical isolation, ensuring intrinsic safety. At low concentration, wavelength modulation
technology is used to ensure the measurement accuracy and measurement limit. Direct absorption
spectroscopy technology is used to ensure the range and linearity, when the environmental concentration is
high. At 25°C, standard atmospheric pressure, the measurement error of low concentration (< 2%) is less
than £5.00X10*, and the detection limit is 2.24X10*. Under the condition of allowing baseline
calibration or background subtraction, the limit could reach 6.026 X107, The measurement error of high
concentration (2~100%) is less than 5% of the true value. At the ambient temperature of —40~60C,
1.2% and 20% standard gases are used for the temperature performance test, respectively. The maximum
relative measurement error are —3.3% and — 3.15%, which fully met the requirement of national
standards. It can be widely used in the urban comprehensive pipe corridor, gas station leakage monitoring,
coal mine safety warning and other occasions.

Key words: Tunable semiconductor laser absorption spectrum; Second harmonic; Direct absorption;
Temperature compensation; Full-range laser methane sensor
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Fig. 1 Absorption line strength of CH,, CO, and H,O at 1653.72 nm
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