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Fig. 1. System schematic diagram of WM-DAS and CW-

CRDS. LC, laser current and temperature controller; FI,

fiber isolator; AOM, acousto-optic modulator; APD, ava-
lanche photodiode; PD, photodiode; DDG, digital delay
generator; PZT, piezoelectric transducer; RF, radio fre-
quency; DAQ, data acquisition system; WM, wavelength

meter; MFC, mass flow controller.
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Fig. 2. Laser wavelength calibration and FFT filtering:
(a) Etalon signal (black solid line), I, (blue solid circle),
measured (black solid circle) and fitted relative frequency
(red solid line), fitting residual (red hollow circle); (b) real
part and imaginary part of Fourier coefficients of I, and
low frequency (0.35, 0.45 kHz) and high frequency (499.7,
514.1 kHz) noise.
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Fig. 3. Absorption spectra of CO, (red) and CH,; (blue)
measured by WM-DAS in about 1 s at 298 K and 100.9 kPa,
and the best fit of Voigt profile. In order to compare with
CW-CRDS, the absorptance is converted to absorption

coefficient (cm1).
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Fig. 4. The absorption spectra of CO, (red) and CH, (blue)
measured by CRDS in about 24 min at 298 K and
100.9 kPa: (a) The relationship between the ring down time
and the current; (b) the absorption function and the best

fits of Voigt profile.
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Fig. 5. (a) Comparison of measuring range of CH,; between
the two methods; (b) histograms of two methods at differ-

ent concentrations of CH,.
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Fig. 6. Time sequence diagram of WM-DAS and CW-
CRDS, laser current (black solid line), transmitted light I;

(blue solid line), ring down time (red solid line).
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4.2 K5 CO, #1 CH, ELZ LM R
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RS NZEIE A G, 31X 5 3CHR (28] 1545
K—F. WK 7(b) W A&, WM-DAS Fil CW-
CRDS J5ikA5 0k B — S PRy, W2 s i 4k
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S HHBEAR AR, 5 ARG SO R T K. PR 7 ik
1428 PRI S 50l A — o 25 5, 3 I R DR
I PR AR — i AT S 4B IR MR EE TR
RS A A AR B d), 32 S AT DE I Ak
R i — 2.
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Fig. 7. (a) CO, in atmosphere measured by the two meth-
ods; (b) linear fitting of the data measured by the two
methods.
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3 251
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Fig. 8. (a) CH, in atmosphere measured by the two meth-
ods; (b) linear fitting of the data measured by the two

methods.

4.3 WM-DAS HI#inlpR

H T 2DV PR A I R R, FEAHTR]
B4R, 43 9% WM-DAS #l CW-CRDS #17
T Allan Jy 22 B 43y, Hrf, CW-CRDS 2k H
FE O PR A I T 28 AN 9 FroR, Byt
24 50 s B (18 P A 10 58 35 B[R] R AR S B 24y
0.02 s, 50 s FH24FF-7 2500 1K), #£F CW-CRDS
i CO, #51 FR 3% 35 ppb, CH, A1 FR 3% 0.7 ppb,
X J& 5 McHale %5 14 (1.5 ppb, 30 s) A K FiE 32
£ 5] (1 ppb) K BRAH— 2, X KUE T AL CW-
CRDS M & 25 5 i vl S 4. AL B (] 29 200 s B,
FT WM-DAS [ CO, ¥l R 7T 5] 170 ppb, CH,
Rz PR AT 2] 1.5 ppb. X BB G WM-DAS J
BRI PR B $223F CW-CRDS. 8 9 i s i) CW-
CRDS 4552 AE O PR AR I A5 2 1, 1 SEBRi
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Fig. 9. Allan variance measured by the two methods: (a) CO;
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Monitoring of ambient methane and carbon dioxide
concentrations based on wavelength modulation-
direct absorption spectroscopy’
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Abstract

Wayvelength modulation-direct absorption spectroscopy (WM-DAS) integrates the advantages of measuring
absolute absorbance profile from calibration-free direct absorption spectrum (DAS) with the enhanced noise
rejection and high sensitivity of wavelength modulation spectrum (WMS). This method can be used to precisely
recover the crucial absorbance profile via the extraction of the characteristic frequency of the modulated
transmitted light. In this paper, the WM-DAS method with non-calibration and high signal-to-noise ratio is
integrated with a Herriott cell (about 128 m). Under the condition of atmospheric pressure and room
temperature, the absorptance functions of two spectral lines of CO, (6330.821 cm ') and CH, (6046.964 ¢cm ) in
air are measured, and their standard deviations of spectral fitting residual are 5.6 x 10° and 7 x 107,
respectively. Subsequently, the concentration of CO, and CH, in air are monitored on-line by the WM-DAS
method integrated with the Herriott cell, and compared with those by the highly sensitive continuous wave
cavity ring down spectroscopy (CW-CRDS). The experimental results show that the measured results of the
long optical path WM-DAS method are consistent with those by the CW-CRDS method, and the linear
correlation between the two methods is above 0.99. The detection limit of CO, and CH; by the WM-DAS
method are 170 ppb and 1.5 ppb respectively, which are slightly higher than those by the CW-CRDS. However,
the measurement speed by WM-DAS is much higher than that by CW-CRDS, and possesses the advantages of

simpler operation, lower environmental requirements, long-term stability, etc.

Keywords: wavelength modulation-direct absorption spectroscopy, cavity ring down spectroscopy, trace gas

monitoring, calibration free, CH,
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