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NS S

2332
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Fig. 1. Current-wavelength tuning curve of DFB laser.
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VR 35 R AR L I AR R . T DL R BRVR
400 x 100 [ CO A, HM Ik 2 iy (e {5 5 i
FERSR/NTHREE N 1 x 1072 () CH, SAMARTEZ K
I B IS S 5m . BIF LAR R G0 e 2 i 3
o, TEERE CH, SR KRGS 7T, ZHG
B L A i CO MR AR RIXERY, R AR
SSCOR FH T S 1) ] A A S IR O 1%
18 3 A AL i 2 7 B P M )

Part D

in Gas out
S, ™
—

[ __—— |
— |

Multi-pass cell

Part C

DAQ
card

Computer

K2 Simm RSB

Fig. 2. Schematic diagram of the experimental system.
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0.8 F B P=1 atm CO 20x10-6

. L=20m CO 400x10-6
= e CH, 1X1072 &
3 06p [ i
=
! P
= 04t ¢
2 Y
2 y
a FE
) R R Y
Z o02f
3 ‘

0 -

4296.0 4296.5 4297.0 4297.5 4298.0

Wavenumber/cm~1!

3 CO (20 x 10, 400 x 10°6) 1 CH, (1 x 10°2)
AR 1 P

Fig. 3. Simulated absorption spectra of CO (20 x 10,
400 x 10°¢) and CH, (1 x 102).

#1 IS

Table 1.  Training data set.

Gas category and
concentration in

Standard gas
category and

Group concentration Ratio multi-pass cell
C0O/106 CH,/10? C0/106 CH,/10?

1 19.3 0 — 19.3 0
2 54.0 0 — 54.0 0
3 102.0 0 — 102.0 0
4 0 0.50 — 0 0.50
5 0 1.04 — 0 1.04
6 0 2.02 — 0 2.02
7 0 5.02 — 0 5.02
8 54.0 1.04 1:1 27.0 0.52
9 102.0 1.04 1:1 51.0 0.52
10 19.3 1.04 1:1 9.6 0.52
11 19.3 0.50 1:1 9.6 0.25
12 19.3 5.02 1:1 9.6 2.51
13 19.3 2.02 1:1 9.6 1.01
14 19.3 8.50 1:1 9.6 4.25

4 SEBERG M

4.1 ®EBEZk

BT SR R FE B CO, CH, BRIk
£ 2327 nm I P E S WBOGIERE, T 14
2T 10— kb B 22 U5 A 2f B d (2f/16)00)
VE RN ekt SVR AR I ZRAICHE 4 1 <A
P HXF AN 1 g, Hoh s 3 4 CO Fg
S 44 CH, b5, 741 CO Al CH, IR &S (br
S4B RN WA =AY AREZSU N W = 2F AT R

HR AT S SEPRIR BE AN 1 TSR PRSI TR,

L 1P = HARAK, 450N Group 1
(CO #5"X.), Group 4 (CH, ##<) Fl Group 10 (1
BEM), BTG S B 4 Fras, Ho Rk B an
& 4 HpEGI . 6 HEIEL 4 H il 2 R £k i 22 51 a]
H, CH, SR B A5 =~ (Group 4) Flf & i
CO MR &S MA5 S (Group 10) 7E & 4 EAE H
(R SRR A5 JE A 100 3] 500 22 [A]) FEAR—EFL, 2K
PGS N33 J7 8 TCIE R 8 1) CO WRUF 51
.

60

""" Groupl CO 19.3x10-6

Group4_CH, 0.5x10-2
40  ---- Groupl0 CO 9.6x10-6
& CH4 0.52x10-2

20 F

Spectral amplitude/arb. units

0 400 800 1200 1600 2000
Sampling points

Bl 4 =4S4k (Group 1. Group 4, Group 10) ¥ 2f/1f {55
Fig. 4. 2f/1f signals of three groups of gases (Group 1,
Group 4, Group 10).

1M A< 33 T Matlab R2018a F &, SR 54
XL 15 kAU SVR B, I HoR A
¥ 5 B /N B LA (sequential minimal optimiza-
tion, SMO) B EH TS HILAL, 1524 SVR £
B Ayl 4s i CO-SVRmodel #1 CH,-SVRmodel,
PR F B SH0n3k 2 th g, Hidr, Box-
Constraint(C) HIEST R L, FEZMEIRIRZ L
fiEJ1; KernelScale J&H— 10 % e J& AN HURH L
PRIZIAL B AR [ (.

# 2 SVRERFESH
Table 2.  Optimal parameters of SVR model.

CO- CHy-
SVRmodel SVRmodel
BoxConstraint(C') 0.3443 0.0180
KernelScale 0.0617 0.9205
€ 0.1710 65.1810
Total function evaluations 15 15
Total elapsed time in 26.2545 12.5730

seconds
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Abstract

The interference between overlapping gas absorption lines often occurs in the measurement of multi-

component gas mixture with using tunable diode laser absorption spectroscopy (TDLAS). This is also the main
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problem of the technology in some applications. For instance, in the early application of multi-component gas
mixture measurement in coal mines, we found that the absorption lines of carbon monoxide (CO) and methane
(CH,) seriously overlapped. The absorption signal of trace CO gas was annihilated and could not be effectively
demodulated, especially in the presence of high concentration of CH,. This problem could not be solved just by
accurately selecting the spectral lines due to the band absorption of CH,. Therefore, in this paper, we introduce
the support vector regression (SVR) model to deal with the interference between CO and CH, absorption lines.
The spectral signals of 14 groups of mixed gases with different concentrations of CO and CH, are used as the
training sets, and the five-fold cross-validation is adopted to prevent the model from overfitting. After 15
iterations in 30 seconds, the optimal regression model of CO and CH, can be obtained respectively.
Furthermore, it is worth noting that based on the experimental data, the linear kernel function is selected to
construct the two gas SVR models, and the parameters of the SVR models are optimized by the sequential
minimal optimization(SMO) algorithm. With the assistance of the SVR models, the absorption spectra of the
two gases can be demodulated effectively, and finally the accurate measurement results are obtained. The
measurement results show that the absolute error of trace CO and CH, concentration(volume fraction of gas)
are less than 2 x 10°% and 0.2 x 102 respectively. Meanwhile, the correlation coefficient between the measured
values and the actual values of CO and CH, are 0.998 and 0.9995, respectively. In addition, the dynamic
stability for each of the two regression models is fully verified by the experiment of the inflation process.
Consequently, this method can eliminate the interference between the overlapping spectra, and can fully meet
the requirements for accurately measuring the gas mixture. We hope that the SVR model can provide an
effective solution for the real-time monitoring of multi-component gas mixture, and thus greatly improving the
adaptability of TDLAS technology in the future.

Keywords: tunable diode laser absorption spectroscopy (TDLAS), gas mixture, overlapping spectral lines,

support vector regression
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