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Diagnosis and recognition of vibration interference in distributed

laser methane detection system

GUO Qinghua'*
(1.CCTEG Chongqging Research Institute, Chongqging 400039, China; 2. State Key Laboratory for Gas
Disaster Monitoring and Emergency Technology, Chongging 400037, China)

Abstract:In order to eliminate influences of external vibration on distributed laser methane detection
system, based on analysis of frequency characteristics of vibration waveform and influences of vibration on
physical properties of fiber and methane detection, a vibration waveform recognition algorithm based on
real-time sampling signal and set frequency signal was proposed. The algorithm can effectively identify
external vibration waveforms with different frequencies by steps including Fourier transform, cross-
correlation operation, maximum similarity coefficient judgment and methane concentration calculation, and
then the vibration waveform can be accurately deleted and the influences of external vibration on methane
concentration measurement can be eliminated. The laboratory test and industrial test results show that the
algorithm can effectively identify the vibration interference with different frequencies and avoid
measurement error introduced by vibration signal.
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Fig. 1 Change of fiber under axial tension

(The dotted line is the force)

P 7, Yottt T 7\
I I\ ot
=~ S - |
LG ~ I
F ool - P \
w—p ~opulR e
- | Vi - 3

2 S A HE T A AR A O 2R A2 105D
Fig. 2 Change of fiber under axial pressure

(The dotted line is the force)
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Fig. 3 Radial pressure of optical fiber
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Fig. 4 Transmission principle of light waves in

optical fibers
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Fig. 5 Distributed laser methane detection system
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Fig. 6 Sampling waveform without methane
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Fig. 7 Sampling waveform when methane

volume fraction is 85%
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Fig. 9 Flow of vibration waveform identification algorithm
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Table 1 Test results of channel 1 affected by

vibration when no methane is introduced

¥ 3l 5 RRARM AR SR BATR SR HE
#/Hz Rux/ % WA/ % WA/ 6
0 99.8 0 0
10 65.1 1.68 0
100 52.5 3.25 0
200 48.9 3.68 0
500 32.8 5.07 0
1,000 68. 9 1.13 0
2 000 35.8 4.85 0

F 2 1 SIEEE A MBS ECR 2. 00 % 1Y B LR
2R B 5wl 0 R A
Table 2 Test results of channel 1 affected by vibration

when 2. 00% methane is introduced

¥R 3l 45 RRARM AR A BATR AR HE R
#/Hz Ruax/ %6 ek AF/ %6 ek Af/ %6
0 96. 8 2.01 2.01
10 75.3 3.13 2.02
100 72.8 5.27 2.00
200 67.4 6. 69 2.01
500 62.8 5.83 1.99
1,000 59.4 7.93 2.01
2 000 65.2 5.13 2.00
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Fig. 10  Test results of distributed laser methane

2
-2

e A7

S8/ %

Lol

detection system in coal mine site
4 Hig

(1) X4 F B 58 4IR 3l Xk ' £ 14 i i 4 K oA 2K
PO e A6 D00 2% 8 I 6L 1) B2 ) AT T B BRI S
TE S LR b X 4R 3B i AR R AR AT T 20T .

(2) $ il T — P Ik 3h WP B RSk . DLIK BR SE
SR B x5 O H e e I 2 e I B AE Y R

(3) FEAN TR 3l M0 R 31 858 v L 6 3R G P RE AT
T g S A T B e k. DA R R
W1, 3 A 4R 3h 05 8 AR A0k RE AT 80 Y A TR 9t
IR0 R T IR S I A B R 2

2 % 37 ik (References) :

C1] R, A B A I 3 AR e 8w (1. ) R
BH5,2012,21(2) :30.

[2] FEH.CHTXENFEEISHEARIMI AL 1 B
Tk H R At . 2003,
(37 JSW.ENH ik, TAL. 4. 5T TDLAS g4 5 H

B e 22 3 WS R e [T, A T 3K, 2014 (23D,
42-44,

LU Yu, YIN Xinda, YU Benhua, et al. A multipoint
methane sensing system of time division multiplexing

based on TDLAS[]J]. Electronic Test, 2014 (23):

[4]

[5]

L6]

[7]

[9]

[10]

[11]

(12]

[13]

42-44,
FERRI D, FORNI L. Methane combustion on some
perovskite-like mixed oxides[ J]. Applied Catalysis B
Environmental ,1998,16(2) :119-126.

XA X EI  JE AR R 3R TR O AR
TORS B2 B 52 LT 1. Bt 5 41 4k, 2008, 38 (5):
462-464.
DENG Guangfu, LIU Guangda, ZHOU Zhijian.
Research on improving gas detection precision based
on tunable laser spectroscopy[J]. Laser & Infrared,
2008,38(5) :462-464.

VRS F) T8 35 2 5 A OROE I O 3% T IR K A
Hri CO W BELDD. AU« Wi K%, 2012,

22 7E MU L 3B PR, SF . — b B 2 R R0 SRR U
Je R BETE LR AT R G [T ). MR, 2016(5) ¢ 1-5.

LI Jun,SUN Shiling, GONG Zhongqiang,et al. A situ
micro-differential pressure sampling device based on
laser for on-line analysis of methane[ J]. Analytical
Instrumentation,2016(5) : 1-5.

22 MG LT W RO B A IR B D R U7 2 i IS LD L
ZE 5By LR, 2009,

B2 XSO L 5K B8 55 A I 2 AR OE OGS K
KEEEW R g LT & E#oL, 2006, 33 (11):
1552-1556.

CHEN Dong, LIU Wenging, ZHANG Yujun, et al.
Tunable diode laser spectroscopy system for fire gases
sensing[ ] ]. Chinese Journal of Lasers,2006,33(11):
1552-1556.
CHAO X,

JEFFRIES ] B, HANSON R K.

Absorption sensor for CO in combustion gases using
2.3 pm tunable diode lasers[J]. Measurement Science &
Technology.2009,20(11) :115201-115209.

LI H, FAROOQ A, JEFFRIES ] B, et al. Near-
infrared diode laser absorption sensor for rapid
measurements of temperature and water vapor in a
shock tube[J]. Applied Physics B, 2007, 89 (2-3) .
407-416.

WA 3 0 X0 SO L 5 88 L AL ST TR OB Blkot
A R AH e WA LT ], B 2=, 2006, 26 (1)
67-70.

KAN Ruifeng, LIU Wenqing, ZHANG Yujun, et al.
Infrared absorption spectrometer of monitoring
ambient methane[ J ]. Acta Optica Sinica,2006,26(1) :
67-70.

PRIAZE X2, 5k E 8, 45, IE 2k RO R IO
PRI O 2 OF SR LT . D2 A4, 2007, 27(2)
350-353.



. IH g3k

2018 % 44 %

[14]

[15]

CHEN Jiuying, LIU Jianguo, ZHANG Yujun, et al.
Autobalanced detection based on tunable diode laser
absorption spectroscopy[J]. Acta Optica Sinica, 2007,
27(2):350-353.

AT o SR B S A R E SRR R 5
W5 (1. B A 62 . 2008, 29(3) 1 390-393.
CHU Yanping, ZHANG Jingchao, GUAN Lijun,
et al. Double gas-cell detection system for gases[]J].

Journal of Applied Optics.2008,29(3):390-393.
e NI 5 B L LT IR 0 36 4

[16]

ARG MUIFET ] b E O, 2011,38(9) :97-102
QI Jie, DONG Xiaopeng, SHEN Yanxin. Research on
fiber gas sensor system based on scanning light source
[I]. Chinese Journal of Lasers,2011,38(9):97-102.
LATHDAVONG L, SHAO J, KLUCZYNSKI P,
et al. Methodology for detection of carbon monoxide
in hot, humid media by telecommunication distributed
feedback laser-based tunable diode laser absorption
spectrometry[ J ]. Applied Optics, 2011, 50 (17).
2531-2550.



