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Abstract: In trace gas detection based on laser absorption spectroscopy, the overlap of different gas absorption spectra affects the
extraction of the characteristics of the absorption spectrum, which consequently introduce the error of the deduced concentration.
In this paper, a trace gas detector by the combination of a multipass cell and direct absorption spectroscopy is present. BP neural
network model and PLS model are utilized, respectively, to restrict the spectral overlap. In order to simplify the training progress,
simulated spectral models have been used as training set. The laser frequency are calibrated with the help of the transmission

peaks of an F-P cavity and then introduced into the simulation model. As a result, the accuracy of the simulation has been
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improved. Then, the measured data is acted as test set. The linearity of the system's response to the concentration is greater than

0.99, and the relative error is less than 0.21%. Finally, the influence of etalon noise to the two algorithm has been analyzed and the

result shows the concentration error with PLS model is less than 4.4x107, which is more than five times that by BP neural network.

Keywords: TDLAS; BP neural network; partial least squares method
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Fig. 1 TDLAS experimental system based on multi-path pools
1 BT 2 Jef i i TDLAS SE56 R 4¢

N9 LR ARG AP . D) 2 55 1
—ERBOC RGBT HEE S A, ICECE S
Ja, AN, EREME S R ER—
ANHR B B G LRI 28 (PDA10CS2, Thorlab) |,
T HOE 3K & . %% %% 1E K F Fabry-Perot
(F-P) M fsdhitt), FEHMHASREHR, BK
912 em, fETEFSR=% (n R, DRI,

THEAF XTI E BHEREX (FSR) 2574 1250 MHz.
MO S e s JLIRA, 7E B A TR AR SR A
Y, BOESTTE R 02 S vl Ao I B s A 5 iR A
RS 5 IR O AT (AT # 45 T FEE A FSR . 3 7h
— B 5 ) ' RE e DT 3% 8% 33\ Herriott W AL
FEMR SO Hh 22 3 22 RO S B e DD K 8 N S5 AL 5
o, WOBTEI N )RR IA 3 22.86 m, 48 R G B X
SRR AEE B IR AR 7 — AR 25 (PDAI0CE-
EC, Thorlab) . PANERINZS 0% HAS 5 i A
RERMAFI BT, A LabView F2 7 AbF s A1
BIERIE S . REETR LA S0 kHz (SRR SRR SRR
WOEHE s LA RV B AR R IS A KB 15 MR
WO K R B 5T CH, A NH, 1R L
2, HWURL BanE 2 i, Edham el
C,H,7£ 6 529.171 9 cm AL F WIS 2k, Rt i B oy
1.260x10 cm™/(cm 2emol), HAZEANH, Wk, E
FAL A E 6 529.190 1 em™ b ) — 5% W Ui £k A1 7
6 528.77 cm ' Ab IR = 2 WL 2, IR AT 4R R R S LE
102 em™ /(ecm™? mol) &2 . AT AJE N1 atm. K
J& 53 5910 2.96x 107 ) NH,, A1 7.5%107 ) C,H, [ W Y
AT L, 23 54 2 Fp B N 8 R LR TR
A AT A b U 5% 21 S SR G AFE T B E S

Fig. 2 Transition spectra and absorption lines of NH,
and C,H,

B 2 NH, Al C,H, 1 BRIE B 45 DA SR i 4%

PG, I8 E S G AT 43 B8 nT DASE Y Aff b e v
PR SRR BE AR

SEUGH,  Herriott <% W iy 1A BES O RS
F, IR 1x107° B2 SRR BE R 1x107 ZH )
PR A S S % H ERE A AT 1% 1
VU@ SR A o, s s SR, T A
[V FE 2 SR SR BB & SRR BC LG, [FIRERAHE
AREA RN EN R SEIR R E MR A S
R FE IR 1 B, W A AR U & G LU B DL SRR
AR ST R

3 FERE59H

3.1 HOLSREERR

i F = A B BOE BB EAT S, O TR
HCHER B OE BAR AR AL, FRATTAE A F-P Jls X O
Kt AT T, "RPEERESWmES @ hR
i, MEIRRATLE, HEOtB KA, =
AN BB T AR 0, TR P AN R UG 2 TR R O

020501-4

https://www.cnki.net



020501 1O S | O SO SO 4 30(2) 2024
1 LRB R
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Fig. 4 Comparison of train set and test set results

(a) Comparison of set concentration and predicted concentration in NH;-model train set; (b) Comparison of set concentra-

tion and predicted concentration in NH;-model test set; (c) Comparison of set concentration and predicted concentration in

C,H,-model train set; (d) Comparison of set concentration and predicted concentration in C,H,-model test set.
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Fig. 5 Comparison of Simulation and Measurement
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Fig. 8 Comparison between predicted value and true value of PLS and BP regression model
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