| 41 % %24 H1/2021 £ 12 B/HFZR

EEERIK

YRR T e TS A R PR B R

KBTI AL, BRED?, e, 2HENT, AR T
MR OB AT A TR T RRE S TR SH K 1300124
AL AP IE R TEBISE L b R 130012

WE T A A B AR A OGS ARG B P AR I R G B ARG - v {5 M B R AR R B A
58 2 IS A (EMD) J5 Ik Y 3ERE L 48 T — R G R e EMD 3g ik Bk . 00 S5 ST 02 eyl
B, 454 Savitzky-Golay (SG) & Bk A HAH G 5., R IR IR 5 5 HAHC R BRI B EMuENE 5. FIAH
SE SRR T IR A BN SRR 45 R W, SR EMD-SG 38 7 v BB 0 35 48 W 15 W bL L R AIR ARG I T RR . 51548
B /NI 22 M R IR S B AR L, EMD-SG 8 I 38075 70 Ak P 2R 48 M w4 10 30T 3 MR 43 Rl e L RS- A B L Mg
PR b A WA AL, SEI T AR IR SOR . 48 EMD-SG UE I A AL TS RIS S R E MR IR T 1. 9
5 RGN T RR A 8. 7>X107° FRES 4. 6 X107 ° . ST Ay T BSR4 s s i B R 1 EMD-SG 38 5
LA T B {5 M LU AN U B 25 MR A RER T T 2R e BRI P A L S AR MR R s A B T SR A TR O
HAF RS T 7 2 ARE .

KR ik ERIENESRIBOEIEEAR ; BB #; Savitzky-Golay UEUE 5 50 Lb

FESES 0433.1 MEFRER A doi: 10.3788/A0S202141. 2430002

Denoising Technique in Gas Sensing Based on Off-Axis Integrated
Cavity Output Spectroscopy

Zhang Haipeng'?, Zheng Kaiyuan'?, Li Junhao"?, Liu Zidi"*, Li Xiuying"*,
Zheng Chuantao"*, Wang Yiding"*

! State Key Laboratory of Integrated Optoelectronics, College of Electronic Science & Engineering,
Jilin University, Changchun, Jilin 130012, China;

? Jilin Provincial Engineering Research Center of Infrared Gas Sensing Technique, Changchun, Jilin 130012, China

Abstract To effectively suppress the system and cavity mode noises in gas sensing based on off-axis integrated
cavity output spectroscopy and therefore improve the signal-to-noise ratio (SNR) and gas detection sensitivity, this
paper proposes an improved empirical mode decomposition (EMD) filtering algorithm on the basis of the traditional
EMD method. In the process of hierarchically decomposing noisy signals, the Savitzky-Golay (SG) filtering
algorithm and cross-correlation operation are combined, and a reconstructed filtering signal is obtained by using the
filtering signals and correlation coefficients. Simulation and experimental results of methane gas samples show that
the EMD-SG filtering method can significantly improve the SNR and reduce the lower limit of gas detection. In
addition, compared with traditional wavelet-denoising and Kalman filtering, the EMD-SG filtering algorithm has
obvious advantages in processing the Gaussian white noise and the non-linear and non-stationary random noise in the
system noise and achieves a better filtering effect. After treatment with the EMD-SG filtering algorithm, the SNR
of the absorption signal is increased by 1.9 times, and the lower limit of the detection is reduced from 8.7X10"° to
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4.6X10"°%. The proposed EMD-SG filtering algorithm based on off-axis integrated cavity output spectroscopy has a

high SNR and favorable denoising effect and can effectively improve the detection performance of the system. It

provides a new method and a basis for developing low-noise gas sensors based on the off-axis integrated cavity to

monitor the atmospheric environment.
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Fig. 1 Simulation results of optimal frame length and optimal polynomial order. (a) Optimal frame length;

(b) optimal polynomial order
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Fig. 3 CH, absorption signal and noise spectrum after Fourier transformation. (a) CH, absorption signal;

(b) noise spectrum analysis of the absorption signal v, after Fourier transformation
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Fig. 4 Decomposed data and filtering process obtained by EMD-SG algorithm. (a) Decomposed data; (b) filtering process
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Table 2 Comparison of denoising effect of different

denoising algorithms

o LOD /
Denoising method SD /V Ry - Erus/V
Noisy signal 0.022 11.515 8.7 —
Signal after WD 0.014 17. 260 5.8 0. 0237

Signal after
o 0.013 14.190 7.0  0.0178
Kalman filtering
Signal after
0.012 21. 820 4.6 0. 0232

EMD-SG filtering
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B S MRS S IR UE T =gl Bk i rkgE. 458
W], 7E Matlab B {ff H i, EMD-SG I8 I 51
FMERIR AT AR MR LA F] 30. 468 dB; SRS
B EMD-SG £ MR ER RS T4 1.9
B RGRITRBR 8. 7X 10 ¢ FREF| 4. 610 °,
EMD-SG M52 00 /N i 25 W R R = 0 5
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Ah B AU I ORISR L U HE EMD-SG 2%
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