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Methane detection system performance improvement based on

sawtooth modulation half-wave scanning technology
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Abstract: In order to achieve high accuracy and high stability of methane gas concentration in complex
environment, this paper proposed the half-wavelength scanning detection method which using sawtooth
modulation based on spectral absorption principle, and this method greatly improved the performance
index of the system. In the process of detection, the method of sawtooth modulation realized wavelength
modulation and intensity modulation of Distributed Feedback (DFB) laser, scanned Lorentizen absorption
linear of methane gas. And it improved the accuracy of detection through eliminating the measurement

error and the influence of laser wavelength drifting. Due to the symmetry of methane absorption spectra,
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relative to full-wave scanning would appears sine curve after differential circuit and could not establish

the relation between absorption intensity and digital value, the half-wave scanning would appear concave

curve after differential circuit, and could establish the relation between absorption intensity and digital

value.

concentration, and the measurement range of methane gas concentration is 0% —10% ,

The experimental results show that this method could accurately measure methane gas

the accuracy

increased from 100 ppm to 10 ppm (1 ppm=107°), stability is increased from 0.3% to 0.01%. The system

was not affected by temperature in complex environment and has high accuracy, good stability, and

strong anti-interference capacity after improvement.
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Fig.1 Wavelength scanning direct absorption detection principle
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Fig.2 Light source wavelength and intensity modulation curves
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Fig.3 Light intensity curves when there is no methane gas after

differential processing
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Fig.4 Light intensity curve when methane gas obtained

after differential processing
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Fig.5 Light intersity curve under half wave scanning conditions

when methane gas obtained after differential processing
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Fig.6 Sawtooth modulation schematic for half-wave scanning
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Fig.7 Overall system architecture
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Fig.8 Block diagram of laser generating sawtooth wave signal
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Fig.9 Waveform without the absorption of methane gas under

sawtooth wave modulation

VA 00 26 PR, T M i A S B A
T DL 6 O U T A, ek B KT

0817003-5



b ok T2
% 8 i www.irla.cn % 46 B

BB 10 RAERPAMMFMET AP TERMBIE KRB RAZELBHAME 13 s,

fr 5 DI B, 1T LA 25 4 D 9 g I, L BT 6.0x10° S
TE 52 R 25 B 112 A 2 P Al AR O R A B A 5.5x10'f eyl moiled
4 L s A5 5 R T, T LA 2 i 14 98 A i e lic 3 s.ox10
LTI £k ERERLY
E 4.0x10°t
4
3.5x10°f
3.0x10°

1% 3% 5% 7% 9%
Concentrations

[ 12 AN [ 9 J3 % 1o 80 it 0L 1

Fig.12 Fitting a straight line corresponding to different

concentrations of the digital
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Fig.11 Methane gas absorption waveform under the
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half-wave scanning condition
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