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Abstract: The point measurement laser absorption spectroscopy (PMLAS) based on saturated absorption theory
could surpass the defect of ‘line-of-sight’ measurement in traditional tunable diode laser absorption spectroscopy
(TDLAS) and achieve the ‘point’ measurement with millimeter spatial resolution. It is realized by crossing with two
frequency synchronized laser beams: one named probe beam as in traditional TDLAS and the other named satu-
rated beam with higher power. In this paper, the theory of PMLAS was firstly analyzed by the theoretical deduction of
saturated absorption coefficients with arbitrary cross angles and the numerical calculations of point absorbance
under different saturation parameters. Next, a weak signal detection method based on high-frequency sinusoidal
modulation of the saturated beam intensity was proposed, in which the first-order harmonic signal was theoretically
deduced and verified by numerical demonstration. Furthermore, it is found that the FWHMs (full width at half maxi-
mum) of different order harmonics are all the same and equal to the width of the absorption signal without modulation,
which implied that the superposition of multi-harmonics could enhance the signal-to-noise ratio (SNR) in measuring
the spectrum line-width.
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Fig. 2 The schematic diagram of demodulating the first-order harmonic
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The sketch of point-measurement laser absorption spectroscopy and its theoretical model

Overview: The tunable diode laser absorption spectroscopy (TDLAS) has been widely applied as a non-intrusive gas
detection technology due to its high-sensitivity and convenient operation. However, the ‘line-of-sight (LOS)’ measure-
ment is the biggest defect of TDLAS, which means that the absorbance signal is the integration along the path from the
laser emitter to the receiver. So the directly measured gas temperatures or densities by TDLAS on the non-uniform con-
ditions are not correct. To overcome this defect, the computed tomography (CT) is always employed for reconstructing
the 2D spatially distribution. However, the CT combined TDLAS, usually named as TDLAT, needs a lot of laser beams
crossing the gas field from different directions, and each beam needs to be received. Sometimes, it is not feasible to dep-
loy so many emitters and receivers, such as the measurement of high-temperature gas in shock wave layer in
high-enthalpy wind tunnel. The point measurement laser absorption spectroscopy (PMLAS) studied in this article is
another technology to overcome the LOS defect of traditional TDLAS. The PMLAS is the combination of TDLAS and
saturated absorption spectroscopy (SAS). It is realized by crossing with two frequency synchronized laser beams: one
named probe beam as in traditional TDLAS and the other named saturated beam with higher power. By subtracting the
probe beam signal when the saturated beam is off with the probe beam signal when the saturated beam is on, the
PMLAS could acquire the absorbance at the crossing point and therefor achieve the ‘point’ measurement with at least
millimeter spatial resolution. In this paper, the theory of PMLAS was firstly analyzed by the theoretical deduction of
saturated absorption coefficients with arbitrary cross angles and the numerical calculations of point absorbance under
different saturation parameters. Next, a weak signal detection method based on high-frequency sinusoidal modulation
of the saturated beam intensity was proposed, in which the first-order harmonic signal was theoretically deduced and
verified by numerical demonstration. Furthermore, it is found that the FWHMs (full width at half maximum) of differ-
ent order harmonics are all the same and equal to the width of the absorption signal without modulation, which implied
that the superposition of multi-harmonics could enhance the signal-to-noise ratio (SNR) in measuring the spectrum
line-width. The theoretical research of PMLAS including the weak signal demodulation method in this work is the
foundation of applying this technology to measure the local temperature and density of gas in dramatic non-uniform
and disturbance condition. By the way, due to the very low saturation intensity of the atoms, the PMLAS is easily rea-
lized in high-temperature atomic gas measurement.

Citation: Chen W, Wu Y, Luo J, et al. Theoretical research of point-measurement laser absorption spectroscopy|(J]. Op-
to-Electronic Engineering, 2019, 46(10): 180575
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