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Fig 3 (a) Noisy signal; (b) Gabor spectrogram for noisy signal; (c¢) Filtered signal; (d) Gabor spectrogram for filtered signal
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Table 1 Test for the denoising method
based on Gabor transform 31
SNR SNR(Improved) 2f peak value TDLAS N
/dB /dB (Relative error) /%
5 17. 59 0. 96 i ’ ’
10 15. 86 223 ) °
15 14. 25 112 50 Hz 40 kHz
20 9. 83 075 . CH, (1 653 72 nm)




3000 36

22. 26 dB 52. 25 dB,

’

Data acquisition
‘{)’SIC m

. 0.002%~0.02%
10 CH,

Data processing
software

’

L | °

Lock-in

amplifier
[] Inlet Vent 6 CH,

Detector '
N ,

Fiber
collimator Gias absorption cell

Optical fiber Laser driver and
Semiconductor

@ I:::I 1 femperature -
laser

controller
4 CH, TDLAS
Fig 4 The configuration of TDLAS for CH, detection

3.2

h 6
° ’ Fig 6 Linearity between 2f signal intensity and concentration

CH, s 33
° CH, s Gabor

=
o
(=]
—
X
o
o
o

5
Fig S5 Experimental data and filtered data

5 s Gabor

SNR

7

s Gabor R Fig 7 Detection errors



9 3001
o 34
. Gabor . 0. 001% . 60
. S, 2's R
) 8 b
2, s Gabor
2
Table 2 Detection results
Condition Mean value/ % Standard deviation/ %
With denoising 0. 000 97 0. 000 11
Without denoising 0. 000 92 0. 000 23
4
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Fig 8 Detected 2f signals in 60 s ° s
(a): Raw data; (b). Filtered data s o
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Tunable Diode Laser Absorption Spectroscopy (TDLAS) Detection Signal
Denoising Based on Gabor Transform
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Abstract Tunable diode laser absorption spectroscopy (TDLAS) technology combined with wavelength modulation spectroscopy
(WMS) technology is an important technique for trace gas detection. Detected with the lock-in amplifier, the second harmonic
signal obtained after demodulation is analyzed to get the gas absorption information. However, the second harmonic signal is af-
fected by noise which reduces the accuracy and stability of the detection system. To improve the signal to noise ratio (SNR) of
the TDLAS detection system, a denoising method based on Gabor transform is proposed for second harmonic signal noise reduc-
tion. Taking the CH, absorption spectrum at 1 653, 72 nm as an example, the effectiveness of the noise reduction method is veri-
fied through simulation and experiments. The simulation results show that the signal to noise ratio for the second harmonic signal
of 0 dB can be improved 15. 73 dB with Gabor transform-based denoising method. Experimental results show that with the Gabor
transform-based denoising method. the linear correlation coefficient » can be as high as 0. 996 59 between the second harmonic
peak value and the CH, concentration in the range of 0. 001% ~0. 02%. At the same time, the detection accuracy and stability of

the system have been improved significantly.
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