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Abstract: Tunable laser absorption spectroscopy (TLLAS) technology has been widely used in gas detec-
tion. The quality of the second harmonic signal is closely related to the detection parameters. Therefore,
it is very meaningful to analyze the optimization methods of detection parameters. This paper summarizes
the selection rules of detection parameters according to the influence of the filter parameters in spectral
line preprocessing,the sampling time of the system,and the time constant of the lock-in amplifier on the
signal and the relationship between the parameters. The appropriate filter order and window width are

selected according to the filtering principle and the root mean squared error ( RMSE ) value of the signal
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under different concentrations. The three evaluation indicators of signal-to-noise ratio ( SNR ), RMSE ,

and the ratio of amplitude in frequency domain of signal to noise ( fowr) are selected for time-frequency

analysis to obtain the optimal sampling period value of 30 according to the trend of curves. The optimal

sampling time can be calculated according to the specific parameters of the experimental system. The ap-

propriate time constant is selected according to the relationship between the main frequency band of the

signal and the cut-off frequency and the filtering effect. The quality of the second harmonic signal can be

improved by comprehensive analyzing the three detection parameters and summarizing the selection

method. The parameter selection method proposed in this paper is of great significance to improve the ac-

curacy of the second harmonic in practical applications.

Key words: tunable laser absorption spectroscopy (TLLAS) ; parameter optimization; time-frequency anal-

ysis; signal filtering
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Tab.1 Cut-off frequency and evaluation index under different parameters

The number of

RMSE value

Cut-off Cut-off . ) i
( { frequency Order Wlpdow unprocessed sampling ) . ) . )
requency o q y width  points at the left and Concentration  Concentration — Concentration

normalization /Hz right ends is 6.3% is 54 % is 100%

2 53 26 0.015 0. 054 0.047

4 85 42 0.014 0.045 0.031

0. 04 12. 04 6 115 57 0.014 0.042 0.023

8 147 73 0.015 0. 045 0.023

10 179 89 0.016 0.048 0.024




S5 3 TR RS« T I U O3 BT 4 B0 R O T O RE 4G T 2 Rt Ak « 281 -

BN B BT I £ 0 e AR B 4 B B R 2.2.1 BT

B ARG HL SR S BUE 2 S5 AR R BAL I3 73 A 5 5 2E % SNR H1 RMSE AF 24 - 4
B B0 RMSE {0 P A R 3R 18 45 38 4 &% 19 By FR.SNR BA5 5 WHmS5MARKIHE. RICHES
N6 B B B SO 115 AN RAE R IO 0 U A Xk AN ] e S AN T S U0 A 5 208 L AR B
2.2 REIENESE SNR {1 RMSE {8 % i) e £ 3% 2 A 0 . A [ e 2

ARG SR G AT LU G o A5 5 A 400k 18] (1 CO, AR X B B SNR il 2k . RMSE (il £ 4 151 3
22 U W SR A I 18] %) 335 28 A9 52 W . o3 A SR A I ) X £ fis .

5 JOT ER P 5 ) B DS 8] 8 23 PR A O TR EEA TR 3 R0, JA Gk 3 30 5 SNRE T 52 5E » A
100 200 340
190 320
80 300
% % 180 § 1
1%} 1%} “ L
60 170 280
160 260
40 150 240
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Periodic number Periodic number Periodic number
(@ (b) (©
0.030 0.055 0.035
0.025
0.050 0.030
= =
0.020 IS
5 5 &
0.045 0.025
0.015
0.010 0.040
0 1020 30 40 0 10 200 30 40 0020 5 10 20 30 40
Periodic number Periodic number Periodic number
(d) (e) ()
B3 REREM SNR HZ:(a) 6.3%; (b) 54%; (c) 100%
AEREHR RMSE #14:(d) 6.3%; (e) 54%; (f) 100%
Fig.3 The SNR curves of different concentrations: (a) 6.3%; (b) 54%; (c) 100%
RMSE curves of different concentrations: (d) 6.3%:; (e) 54%: (f) 100%
W3k %) 26 5 RMSE & TR & . signal to noise, fove ) ME RN IFH 48 bR ARG fonre H 2
2.2.2 RBHH et R AEAE S R . ASTR) MR B B A5 5 X0 Y f s

B T I 308 6 A0 3 14T TP £ 5 15 R P R e i LANFE 4 iR

J& 2 . (ratio of amplitude in frequency domain of

30 40 110
25 105 }
35
= IOO 3
=20 < 4
> 95
30
15 90 }
10 25 85
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Periodic number Periodic number Periodic number

(@ (b) (0)

B4 TERER fowBi:(a) 6.3%; (b) 54%; (c) 100%
Fig. 4 The fgy curves of different concentrations: (a) 6.3%; (b) 54%; (c) 100%



« 282 -

4 T A5 55 TR B 27 J5 s four BREEE
FhaE.

i 3 X SNR i 28 . RMSE fi £k | fsr #1 28 1 25
B 4B IS8R 43 BT 5 00 5 43 A T A5 31 1 e A A 0
A MESREMXE 30 5. Ly ETRE,
SEA S RGBSR T e SRR B[] R
2.3 NEBRHRE

B ¥ 4 550 2 5 A 30 A A1 3 R 1 A R 3k 1 5
M R I A o R T B 500 KR ok R R IR
H A 5 0 A0 AT ) A 5 K B 5 IF T R 50/
1k 50 3R T L X AE S AP A R Y I R RO R
.

Intensity/(a.u.)

0 100 200 300 400 500 600

Sampling point

(@

Ye BB - B 2023%F 34k

9 — 4k J5 B 1E 5502 Sy 0. 04, SR (4 8% 1k 4%
12.04 Hz, o] L35t X5 R 04 B 8] % 450k 13. 22 ms,
VEHE CO, RN WF 52 B 8] 5 B0 5 1 52 L 3% B
R 4 Hz, SRR 2400 Hz, BRI 281
B 1] % B BUE A 1 ms, 3 ms, 10 ms,30 ms, AS [&] B} A
wOBCNE B #% 1E M % R 159,15 Hz , 53. 05 Hz ,
15.92 Hz.,5.31 Hz, BFE%%0CH 1-—30ms 36 B 4=
5 I 35l P RBP4 &1 5 T

Y & 5 AT, B ) B0 30 ms B E 51 3 4
R TR MR fF 5 K L B ECE B 1 ms R
3 ms B 55 WA K AR IR BOR A U] 5

200 Ao O3
: : :—*TTime constant 1 ms
| | 17 1 ms cut-off frequency
150 b | | 1—©7Time constant 3 ms
| 1—31 3 ms cut-off frequency
= | | =81Time constant 10 ms
&) 1 1=03110 ms cut-off frequency
3 100 | 1=&+Time constant 30 ms
2 | 1=8430 ms cut-off frequency
= | I I
g (.
50 | ol
I I
1 |
I I
0
10° 10' 10° 10 10°
Frequency/Hz
(b)

B 5 AEEEZEH:(a) BEHE; (b) SEE

Fig.5 Different time constants: (a) Time domain diagram; (b) Frequency domain diagram

I8 B8 10 ms B 3245007 0 ], 5256 25 21
TR 16 Hz i, RT3 5 BT % 99 % L
b EEEES AT LA Sy AN U B 416 Hz, JHI
G ILT A R B R A i I e A R
B U8 BR AR AN B B AR g 2. 275 b i 7 ik AR
1 ms.3 ms.10 ms.30 ms B} % i SNR {8 .RMSE
{E;anSNR{EﬁD%%ZF)?%O

x2 FEEEFEHITEA SNR & . RMSE B fow (&
Tab.2 SNR, RMSE and [y corresponding to

different time constants

Time constant SNR RMSE s
/ms value value value
1 293. 26 0.115 277.062
3 560. 34 0.059 439. 658
10 1446. 22 0.021 1191.714
30 2120. 60 0. 009 1168. 949

2 205,51 ms Al 3 ms #AEL, 10 ms B} )
SNR B HI f svr {8 5% K RMSE ({8 & /N, JLEF B 15
SRR B ESILTFRA R E. B 30
ms BHES B LR, F I, B E)# B0k 10 ms i
Hif.

2.4 XRWERKRDH

AN AR YE Savitzky-Golay 38 % Ji7 2 K& {5 5 1Y
RMSE {8, PR 6.8 564 115 AR AE 23 1 I8
WS B, WL L iR AR5 5 19 SNR A
I RMSE ff, 5538 AR5 fovr 8, Bl & 155 J8 51 1
hn. SNR 126 .RMSE #hi £ . fove B398 THE 15
PGS AN 30, RSB E Ft, AT DL it
O3 WA 5 R 3D 18] 422 43 B SR B B 18D X 15 5 A s i . AR
It 92 56 45 20 R W] B[] 80T 5 5 i B EL DS 5
JE 5 R EL ORI AN [A] B JR] R RRCT 00 3 2k 08 U RO S K
P, B 10 ms [ I 8] 3 %K.



55 31 oK S 3 IS 0 T 5 A 1 R SO IR SO 5 G I S B ik « 283 -

3 &

AT T 3 KIS ER IS L A . g3
SKARERT B . L SNR \RMSE ., fsr iR EHr 48 47, bl
w5 AR RN 3 FhOE 48 b et 7 ) i 4635
FRURE 5 70 HT U8 Dk 2 BORN 1sF 8] 5 BT L 3 0 I 4 48 A 1Y)
B #0276 X Ry i 2k R R RE B . 25 B e AT 3 A K
WS H0R B 180 S B0 1 B e o B, SR R
e EIE N S E BERE . R AR B B] L B ) R R
LETAL B 3 PR 2 AH T R A TR, 7E S 8k B
1 B R 2R A A BT s DA AR AR e I 0 OGBS A S
AR SCEGE Y R S B 1R O R RE R
FH A S 5 FR G5 2 500 P Ak ) B, St 2T A0 Il T
FESC bR N v AR o P O T LA
=,

S Z

[1] WANG Q J,SUN P S,ZHANG Z R.et al. Separation and
analysis method of overlapping absorption spectra with
cross interference in gas mixture measurement[ J]. Acta
Physica Sinica,2021.,70(14) :233-242.

THTHE PG b, 5k 2R S A TR A AR T A R
W 22 T4 43 B M AT J7 12 [0 W 3% 4 2021, 70
(14) . 233-242.

[2] LIANG W K,WEI G F,HE A X,et al. A novel wavelength
modulation spectroscopy in TDLAS[J]. Infrerend Physics
& Technology.2021,114:103661.

[3] LICL,SHAO L G,MENG H Y,et al. High-speed multi-
pass tunable diode laser absorption spectrometer based
on frequency-modulation spectroscopy [ J]. Optics Ex-
press,2018,26(22) :29330-29339.

[4] QI HY,ZHENG C T. A methane detection device using
near-infrared long-path laser absorption spectroscopy
[J]. Journal of Optoelectronics « Laser,2020,31(1); 21-
26.

FEUG I FRAL Vi . I 21 A YRR SO R R O 1S e
KA [J]. e+ « #5%,2020,31(1):21-26.

[5] GAO G Z,CAl T D,ZHANG T.et al. Sensitive detection of
CH, based on tunable multi-mode diode laser correlation
spectroscopy [ J. Journal of Optoelectronics * Laser,
2019,30(2) :140-145.

FOLE B KRS, 55 BT 2RO R BOLE I
FEARAI B AR LI]. e F + #2019, 30(2) : 140-
145.

[6] GONG X C.GAO Y F.YANG J,et al. Parameter optimiza-
tion of TDLAS wavelength modulation pressure measure-
ment method[ J]. Optical Technique, 2020,46 (2) . 134-
139.

HAERE L — M 4, 45 TDLAS 4 8 i HE 7 0 & ik
ZHAALLI]. eFE AR, 2020,46(2) :134-139.

[7] LV W J,LI HL.,LI W D,et al. Optimization and experi-
mental research on modulation parameters of TDLAS
technology[ J]. Laser Technology,2021,45(3): 336-343.
B AL, 2R 0 . 45 TDLAS 5 R H S /i ik
b R S s 5T [J] . 8 R . 2021,45(3) :336-343.

[8] JAHROMI K E,NEMATOLLAHI M, PAN Q,et al. Sensitive
multi-species trace gas sensor based on a high repetition
rate mid-infrared supercontinuum source[ J]. Optics Ex-
press,2020,28(18):26091-26101.

[9] ZHAO P,SUN W,FU M Y,et al. Measurement of concen-
tration of carbon dioxide gas with TDLAS and modulation
parameters optimization[ J]. Journal of Changchun Univer-
sity of Science and Technology,2017,40(6) :57-59+64.
XS P A BT L S B T OL R OGS £ R /9 CO,
IR AN A i S B R AR LU, KFE B TR E 24k,
2017,40(6) :57-59+64.

[10] SHANG H F,DU Z H,GAO N, et al. Parameter analysis of
tunable diode laser absorption spectroscopy based on
spectral frequency characteristics[ J]. Spectroscopy and
Spectral Analysis,2019,39(11):3359-3364.
oA R LR L R AR AE R T R R AE 1 R
TR WOLW NG 15 2 800 B LJ]. D638 % 5 0638 43
2019,39(11): 3359-3364.

[11] CAI'S X,SUN B,FENG W W, et al. Research on measure-
ment method of ammonia nitrogen concentration in water
based on ultraviolet absorption spectrum[ J]. Journal of
Optoelectronics « Laser,2021,32(8) :888-893.

SR ] PNUK S AR B AF T S AN OGS R By K P
FAW W Jr st Lu]. el 7 - B0k, 2021, 32
(8):888-893.

[12] ZHANG K,HUANG S Y.LU H B, et al. Experimental study
of the light source characteristics for the NH; concentra-
tion detection[ J]. Optik,2020,209,164608.

[13] LIU Y P,DANG B,LI Y.et al. Applications of Savitzky-
Golay filter for seismic random noise reduction[ J]. Acta
Geophysica,2016,64(1):101-124.

[14] LI G L,JIANG Q Z,MA K, et al. Experimental study on
methane detection based on cascaded integrator comb of
digital orthogonal phase-locked in amplifier [ J]. Acta
Photonica Sinica,2021,50(2):0212001.
ZEEMG R BB, 5 LT CIC MY 8T IE 22 Bl A i
R 1 R B ARG I S 36 F 5 U] 6 F 2 4k, 2021, 50(2)
0212001.

[15] SUI Y,DONG M,ZHENG C T.et al. Development of a dif-
ferential mid-infrared carbon monoxide detection device
[J]. Chinese Journal of Scientific Instrument, 2016, 37
(10) :2282-2289.

V&, HE ] B4R v L A 2 43 2K 40 A — 4R Ak e e T A
BIBFRICI]. AL 2R AL 224, 2016, 37(10): 2282-2289.

fEER
O (1982—). 5 M R BRE A e A 0 A O
5 T A 45 D T R B ST



