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Optimization and experimental research on modulation
parameters of TDLAS technology

LU Wenjing'*, LI Honglian'”, LI Wenduo'?, LU Heshuai'*, ZHANG Shizhao'”, FANG Lide'”
(1. School of Quality and Technical Supervision, Hebei University, Baoding 071002, China; 2. National and Local Joint Engi-
neering Research Center of Metrology Instrument and System, Hebei University, Baoding 071002, China)

Abstract: In order to study the effect of laser modulation parameters on the peak, signal-to-noise ratio, peak width,
symmetry, and signal integrity of second harmonic signals, the analysis based on the hardware system and the Simulink analogue
model were verified that the theoretical simulation results were consistent with the signal variation trend of the hardware system,
and at the same time the optimal modulation parameters of the CO, detection system were determined. Through the experimental
system, the absorption spectra of different volume fraction of CO, at 1432. 04nm were measured, the inversion model of the signal
intensity at the main absorption peak and CO, volume fraction was established, and the system performance and measurement
accuracy were analyzed. The results show that the linear fitting coefficient R* is 0. 9998, the maximum relative error of gas
volume fraction inversion is 0.7333% , and the detection limit of the system is 0.0074% . The ideal second harmonic signal can
be obtained through the optimal selection of modulation parameters, so as to achieve accurate inversion of the gas volume fraction
to be measured. The study provides an important reference for the optimization of modulation parameters in the detection system
and provides guidance for the improvement of the measurement accuracy of the system.
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Fig. 1 Schematic diagram of TDLAS experimental system
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Fig. 10  2f signals of CO, of different volume fraction
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Table 1  Gas volume fraction measurement and inversion results

gas volume peak of main  linear fitting inversion relative
fraction absorption volume fraction error/ %
0.001 5.5318 0.000998 0.2000
0.003 12.4169 0.002978 0.7333
0.005 19. 4887 0.005011 0.2200
0.007 26.5009 0.007028 0.4000
0.008 30.0577 0. 008050 0.6250
0.009 33.1322 0.008935 0.7222
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Sy DN 2R G ARG PR, A5 R AR % 0. 001 Y



342 Moo R

2021 4F5 H

CO, HY VCEAE 5 U1K 120 AR 4 2f £5 5 (44
(Usy =5. 5381V ) F1JC W Wi &b 17y Mg 75 e A ( Uy =
0. 1365V) Z Wt 1% 3R 48— UK MR 1L Roy ™ =
40.5722 KRR > AR R -

D =30 xN/I =3Q/Ryy (8)
AP, Q il RGEHERER N il B e P p e
DG SWRAE . /N BRI IZBERE T B{E WL Rowo
FIF LA B AT S50 0. 001 B 2R 48 A B i
ARG, R A i B UM B, B R GE AR bE
Ry =40.5722 SRS RGRMFR R : D =3 x 0. 001/
40.5722=0.0074%

6r 9=0.001 —2f'signal
5t
3 4
%’ 3 Ug=5.5381
R
s 1
E o
1t o=0.1365V
=2k . ) ‘ ) . ‘
0 100 200 300 400 500
sampling points
Fig. 12 2f signal of CO, at 0.001 volume fraction
5 & #®

ICHT TDLAS FAR P 2 m AR BFFT, BE AR &
HR A BEe B S 00 By A I S E I T . A
SCH T Simulink BEIEHEI T B -5 505 R Gu Y #5 4E
W55 T TDLAS AR JAHI S 85X UGk 5 5 068 H 5
M LY W58 OSERRPE L) RS S s B PRS2 ), B E T
FEVET S R BUR I, 35 2] T BE TS S g k1T
B E A RS2 22 45 5 B AR SO 45 SR HAT — B,
BUE T ARG ERHERYE. TS MRS S,
X4 Y S0 R SEAE IR (293K) 5 He (101kPa) %
AT EL CO, £ 1432, 0dnm A 1) WSO 3% 32F
177 W0, g7 RIS 55 3R 5 CO, R34
14 ST, 2R P4 A R R® = 0. 9998, S AR 1R AL
B KA AR 220 0. 7333% . 43T 2 S0 K 4
RE RT3 RGAE CO, (RFS34h 0. 001 B {5 HE oy 40.
5722 K iiBR 0. 0074 % . M5 A TDLAS F A I ]
Zim R PRHE TR , o 22 G0 DU kG B 179 i 4t it
TS,

5 £ X #

[1] ZHANG J Q. The research on measurement technology of carbon mon-
oxide gas concentration based on TDLAS[ D ]. Chengdu: University
of Electronic Science and Technology of China,2011:19-35(in Chin-

(2]

(3]

[4]

(5]

(6]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

ese).

WANG X M. Measurement of CO, concentration based on TDLAS
[D]. Beijing: North China Electric Power University ( Beijing)
2017 :1-5(in Chinese) .

ZHANG K K. Research on the spectrum absorptive optical gas detec-
tion theory and technology[ D].
sity,2012:26-39 (in Chinese) .
SUPPLEE J M, WHITTAKER E A, WILFRIED L, et al. Theoretical
description of frequency modulation and wavelength modulation spec-
troscopy[ J]. Applied Optics,1994,33(27) : 6294-6302.
KLUCZYNSKI P, AXNER O. Theoretical description based on Fou-
rier analysis of wavelength-modulation spectrometry in terms of analyti-
Applied Optics, 1999, 38 (27) .

Harbin: Harbin Engineering Univer-

cal and background signals[ J].
5803-5815.
WERLE P W, MAZZINGHI P, AMATO F D, et al. Signal process-
ing and calibration procedures for in situ diode-laser absorption spec-
troscopy [J]. Spectrochimica Acta, 2004 ,A60(2) :1685-1705.
GAO N, DU Zh H, TANG M, et al. System parameters selection and
optimization of tunable diode laser absorption spectroscopy[ J]. Spec-
troscopy and Spectral Analysis,2010,30(12): 3174-3178 (in Chin-
ese).
SUMR, LIX L, SUN Q Zh, et al. Simulation and experimental in-
vestigation on spectrum absorption of TDLS based CO, sensor[ J]. In-
strument Technique and Sensor, 2016(7) :4-7 (in Chinese) .
SHANG H F, DU Zh H, GAO N, et al. Parameter analysis of tunable
diode laser absorption spectroscopy based on spectral frequency cha-
racteristics[ J]. Spectroscopy and Spectral Analysis,2019,39(11) .
3359-3364 (in Chinese) .
ARNDT R. Analytical line shapes for Lorentzian signals broadened
by modulation [ J]. Journal of Applied Physics, 1965, 36 (8):
2522-2524.
ZHANG X, CAO Sh'Y, GUO T X, et al. Research of methane vo-
lume fraction field reconstruction based on tunable diode laser ab-
sorption spectroscopy detection technology [ J ]. Laser Technology,
2018 ,42(4) :577-582(in Chinese).
ZHAI W, WU Sh Q, DONG Y H, et al. Effect of FM-AM phase
difference on the second harmonic lineshape of TDLAS[ J].
Technology, 2013,37(3) :284-288 (in Chinese).
GONG X Ch, GAO Y F, YANG J, et al. Parameter optimization of
TDLAS wavelength modulation pressure measurement method [ J].
Optical Technique, 2020,46(2) :134-139(in Chinese).
ALORIFI F, GHALY SM A, SHALABY M Y, et al. Analysis and
detection of a target gas system based on TDLAS & LabVIEW [J].
Engineering Technology & Applied Science Research,2019,9(3):
4196-4199.
LIU X L. The digital signal processing and analysis based on TDLAS
[D]. Chengdu: University of Electronic Science and Technology of
China,2015:58-71 (in Chinese).
YUAN Zh G, MA X Zh, LIU X N, et al. Testing on diesel engine
emission temperature using tunable laser absorption spectroscopy
Chinese Optics, 2020,13(2) :281-289 (in Chin-

Laser

technology| J ].
ese).

LI H, LIU J G, HE Y B, et al. Simulation and analysis of second-
harmonic signal based on tunable diode laser absorption spectroscopy
[J]. Spectroscopy and Spectral Analysis,2013,33(4) ; 881-885(in
Chinese) .



545 &

5 3 1] 3

TDLAS FiA il 2 i 0 0 Ak S S B 5% 343

(18]

[19]

[20]

[21]

[22]

LI C R. The research based on TDLAS to diesel engine SCR ammo-
nia pollution detection system [ D ].
Science and Technology,2017:31-39 (in Chinese).

DONG Y H, WU Sh Q, ZHAI W, et al. Effect of modulated phase
difference on TDLAS signal-to-noise ratio [ J]. Laser Technology,
2013 ,37(4) :498-502 (in Chinese) .

YUAN D Ch. Research on fire forest early detection technology
based on TDLAS method[ D].
ty,2018 :83-98 (in Chinese) .
ZHANG B Q, XU Zh Y, LIU J G, et al. Modulation characteristics
of laser based on wavelength modulation technology[ J]. Spectrosco-
py and Spectral Analysis,2019,39(9) ; 2702-2707 (in Chinese).
ZHANG Ch X. O, and CO sensing based on tunable diode laser ab-

Tianjin ; Tianjin University of

Harbin: Northeast Forestry Universi-

[23]

[24]

[25]

sorption spectroscopy [ D ]. Hangzhou: Zhejiang University, 2010 ;
47-67 (in Chinese).

ZHENG F, QIU X B, SHAO L G, et al. Measurement of nitric ox-
ide from cigarette burning using TDLAS based on quantum cascade
laser[ J]. Optics and Laser Technology,2020,124 :105963.

LICh L, WU Y F, QIU X B. Pressure-dependent detection of car-
bon monoxide employing wavelength modulation spectroscopy using a
herriott-type cell [ J]. Applied Spectroscopy, 2017,71(5) : 809-
816.

LI Ch L, SHAO L G, JIANG L], et al. Simultaneous measurements
of CO and CO, employing wavelength modulation spectroscopy using
a signal averaging technique at 1.578m[J]. Applied Spectroscopy,
2018,72(9) : 1380-1387.



