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As noted in a series of publications, the Tunable Diode Laser Absorption Spectroscopy (TDLAS)
method using tunable diodes laser (TDL) emitting near the wavelength of 2 mkm is one of the most
promising for solving a highly sensitive and highly accurate online measurement of '3COy mixed with
2G04 in the human expiratory air [1].

We have previously reported in a number of publications concerning the successful application of the
TDLAS technique for solving the 13CO5 content measuring problem in exhaled air using TDL emitting
in the frequency range 4860-4880 cm™~! (see, for instance, [2]).

It was found, in further studies, that the obtained results (13CO2 measuring accuracy and the bound-
ary 3CO, / 12C0O4 ratio by simultaneous measurement of *CO, and 2CO, content in the expiratory air)
may be substantially improved by using of different experimental signal filtering algorithms — Empirical
Mode Decomposition Algorithm (EMD), Kalman filter, Wiener filter.

Another way to improve the accuracy and sensitivity of measurements, as presented in [3], is using
modulation of the TDL pump current with subsequent demodulation of the recorded signal using the
synchronous detection technique. Note that this approach was also successfully used, for instance, for [4]
high-precision measurement problems in small gaseous impurities.

We have selected the P(18) absorption line of the vibrational band 20012-00001 of the 3COs molecule
for performing studies in the paper [2]. The experimental signal was processed using Fast Fourier Filtering
(FFT). The obtained measurement accuracy of changing the '3CO; content in exhaled air was 2.9%.

In this work, we have investigated the P(18) and P(12) lines, and the processing (filtering) of experi-
mental signals was performed using the Wiener filter. The radiation source was the TDL tunable in the
frequency range 4860-4880 cm™!, based on the InGaAlAs/InP compound, due to modulation of the pump
current and temperature variation of the laser diode. The TDL generation power in the single-mode
operation was ~1 mW in the entire frequency tuning range. TDL radiation entered a multipass gas cell
with a total optical path length of 4.8 m and was recorded by a photodetector (PhD) G8372-01. The
signal from the PhD fed to the input of the SR-830 synchronous detector (SD). The output signal from
SD was fed to the ADC and further processed on a computer. The gas cell was filled with a mixture of
12C04 and 13CO;5 at the 2CO4 to 13CO4 concentration ratio ~135. The total pressure of the gas mixture
in the gas cell was 50 mbar.

As a result of applying the Wiener filter to experimental signals, the accuracy of measuring the 13CO2
content was 0.17% for the P(12) line and 0.4% for the P(18) line.

Thus, the use of the synchronous detection technique in combination with the Wiener algorithm for
filtering the experimental signal can significantly improve the accuracy of 2CO, measurement in the
analyzed mixture.

References

[1] L Scholz, A Ortiz Perez, S Knobelspies, J Wollenstein and S Palzer, Procedia Eng. 120, 1233 (2015)



[2] S V Kireev, A A Kondrashov and S L Shnyrev, Laser Phys. 26, 075601 (2016) doi:10.1088/1054-
660X /267 /075601

[3] SV Kireev, A A Kondrashov S L Shnyrev and A P Safagaraev. Laser Phys. Lett. 15, 035704 (2018);
doi:10.1088/1612-202X /aa9da0

[4] T A Vincent, B Urasinska-Wojcik and J W Gardner, Procedia Eng. 120, 388 (2015)



