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METHOD OF METHANE CONCENTRATION DETECTION
BASED ON THE MODE-HOPPING OF DIODE LASER
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Abstract: Based on the mode-hopping of single mode diode laser, two different currents drive the laser alternately, the la-
ser emits alternately two beam lights whose wavelength is differently, but closely. The first beam light’ s wavelength is at
the absorption peak of methane. The second beam light’ s wavelength is a little shorter than the first one, which is not ab-
sorbed by methane, and it will serve as a reference light beam. The double beam will be converted into an electronic square
wave after passing through the gas cell. The intensity of the double beam will correspond to the top and the bottom of the
square wave respectively. The top of the square wave will vary if the methane concentration varies, but the bottom of the
square wave will not vary because the intensity of the second light does not vary while methane concentration varying. Thus
the amplitude of the square wave is proportion to the methane concentration. Because the two wavelengths are very close,
the scatters or the losses caused by dust are almost the same after they passing through the methane, and they can be elimi-
nated by mathematics. The result of experiment shows that the method can reach the sensitivity of 0.05% even without u-
sing a phase-locked amplifier and the absorption light path is only 10 centimeters.
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Fig.1 The absorption spectrum of methane
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Fig.2 The relationship between the driving current and wave-

length of the laser
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Fig.3 The block diagram of the system
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Table 1 Data of experiment
] KRR (% ) TR (% )
1 0 0.00
2 0.05 0.04
3 0.1 0.09
4 0.15 0.16
5 0.2 0.22
6 0.25 0.24
7 0.3 0.29
8 0.35 0.36
9 0.4 0.39
10 0.45 0.46
11 0.5 0.49
12 0.55 0.55
1 0.6 0.62
14 0.65 0.64
15 0.7 0.73
16 0.75 0.77
17 0.8 0.81
18 0.85 0.84
19 0.9 0.87
20 0.95 0.95
21 1.00 1.01
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Table 2 Regression statistical analysis

B3 0. 998809592
HE bR dE 0.9976206
16 1F J5 HI EAm s 0. 997495369
PRHEIRE 0.015516695
pURIIRIEN 21

EHAMT, AT R R 2, R BH 5 4 € E 1
FAKEE A 0. 9988, BA 1R IR A9 AR G L, #R IR 22 4
0.015, Ui BHIZRGEA R T 0. 05% (IR IKS .

4 HFn

WSS TRTRRY, TR SR
DGR A B HLER , — N7 R 19 )7 1 3K Bl e AT DA fEE
lis] —BOG AR H P R A B O, XK
B G 23 BIRT R B o B R A 0 L S I S 0, R O 1%
M K 22 73 JRCBE AT LATH R IR 2R /K 43 3652 W A SR
JH H 7% Anritsu Corporation fj AB6A1052J510F A%
R FRBOGE, R B 77 i 9K 2 B A A B
KR 1650. 887nm F1 1651. 018nm B W5 5 #4058, i
BRY X RGARA R AR RSRERL T, i
KENT 0.05% By P el BE IR IR BE. A0k A Ky
JORE, Sy PRl g R, E R O R A
g, BIAD A AN [R) B S AR A T



14 B BLSE T RRBOLAMRE B 89 bR BRI T i B 5 65

REFERENCES

[1]TAN Ke-Long, ZHOU Ri-Ping , WAN Yu-Qing, ez al. Re-
mote sensing monitoring method of hyper spectral and high-
resolution for underground coal bed combustion[ J]. J. In-
frared Millim. Waves (BT Jg, JA B Y, H&K,%. T
BZ PR IS KR PR BN k. e =
KK FH ) ,2007,26(5) :349—358.

[2]GUAN Li , HUANG Hung-Lung, Array co-registration error
of airs[ J]. J. Infrared Millim. Waves( E#i, Huang Hung-
Lung, RSELLAMRIAL R B BF 7P EfLiR . A5 5
BEXBEFR),2007,26(2) :153—156.

[3]1HE Jin-Cheng, YANG Xiang-Long, WANG Li-Ren. Path
length selection of determing the chemical oxygen demand (
COD) in wastewater by using near-infrared transmission
spectral J]. J. Infrared Millim. Waves ({74 i, B+t &,
T RIS S SHA I B R KL % E 2 (COD)
FOLRRILEE. L5 EEAK IR F ) ,2007,26(4) :317—
320.

[4]Lee ]S, Kuk BJ, Kim Y J. Development of a di_erential
optical absorption spectroscopy ( DOAS) system for the de-
tection of atmospheric trace gas species;NO,, SO,, and O,
[J1. Journal of the Korean Physical Society,2002,41( 5) ;
693—698.

[5]DONG Lei, MA Wei-Guang, YIN Wang-Bao, et al. Exper-
imental study on harmonic detection of methane by use of a
digital lock-In Amplifier[ J]. Spectroscopy and Speciral A-
nalysis(# &%, D4, FHER, F. R BT SO R 28
Xt H e AR A TR I B SE R T . iR Sk 4
#7) ,2005,23(3) ,473—476.

[6]Linnerud I, Kaspersen P, Jeger T. Gas monitoring in the
process industry using diode laser spectroscopy{J]. Appl.
Phys. B,1998,67(3) :297—305.

[7]LiuJ T C, Jeffres ] B, Hason R K. Wavelength modulation
absorption spectroscopy with 2 f detection using multiplexed
diode lasers for rapid temperature measurements in gaseous

flows[J]. Appl. Phys. B,2004,78(3—4):503—511.

(3258 49 )
DR R BA B LB REE AR DL BB, HoX4R
UTRRURE B9 R el 2 B Fe k.
(3) TEHMEMEAERIFHLT , X LB, 4B
RN AL
(4) BEGITTESEHE R T MR L SR ITHE
W T BRI RN I 2.
SRR P 2 SR B AR AL
M%EE'I;EE’J XE SRR — N HER Z AT U
A RAEIRM B R A — LT, RAUF
%D\’éﬁ%ﬁiﬂﬁ%ﬂﬁﬂu, 3 Bt 418 3 20 15T F9 52 il B
HEZR X REET [l — KRR T AR &
SRR EI R, SR B AR Y, 1S
WL, B T A A JRR T 2 7 A, BT LA A Bl
aF SEHFFE TR AR R B M R R =
J 109931 2 B R B I B M AR A AR KR 284, i 28
A G 22 X 4R I 30 7 A A TR A JEE B2 T, 3
e R AT E R ARIBE.

REFERENCES

[1]YIN Qiu, KUANG Ding-Bo. Views on chinese remote sens-
ing development[J]. J. Infrared Millim. Waves( F 3R, [E
E RHARBBREBENILEES. DS REFER),
2007,26(3) :225—231.

[2] SHEN Yuan-Ting, NI Guo-Qiang, XU Da-Qi, et al.

Study on gas exploration by hyperion hyperspectral remote
sensing data[ J]. J. Infrared Millim. Waves (1L, R EH
3R, 4R KEY, %5, FilH Hyperion 48 I £ 7M & Gig BB BHR
KRBT, A5 SZAKIEFR) ,2008,27(3) :210—
213,223.

[3]YANG Gui-Jun, LIU Qin-Huo, LIU Qiang, et al. Adjacen-
cy effect analysis in image simulation of high resolution mid-
infrared(3 ~5um) remote sensing{ J]. J. Infrared Millim.
Waves (15 87, BVAK X , X3, 5. 40 B R P LD 518 I
(3 ~Spm) BB PRI B b7 505 TR IKF
18) ,2008,27(3) :233—240.

[4]Singh S M. Estimation of multiple reflection and lowest or-
der adjacency effects on remotely-sensed data[ J]. Interna-
tional Journal of Remote Sensing ,1988,9(9) :1433—1450.

[5]Otterman J, Fraser R S. Adjacency effects on imaging by
surface reflection and atmospheric scattering - cross radiance
to zenith[ J]. Applied Optics,1979,18(16) :2852—2860.

[ 6 ]1Lyapustin A I, Kaufman Y J. Role of adjacency effect in the
remote sensing of aerosol[ J]. Journal of Geophysical Re-
search-Atmospheres ,2001 ,106(D11) :11909—11916.

[7]Ma J W, Li X W, Chen X, et al. Target adjacency effect
estimation using ground spectrum measurement and Landsat-
5 satellite data[ J]. IEEE Transactions on Geoscience and
Remote Sensing ,2006 ,44(3) .729—735.

[8] Kaufman Y J. Atmospheric effect on spatial-resolution of
surface imagery[ J]. Applied Optics,1984,23(22) :4164—
4172.

[9]Liang SL, Fang HL, Chen M Z. Atmospheric correction of
landsat ETM + land surface imagery - Part I. Methods[ J].
IEEE Transactions on Geoscience and Remote Sensing ,2001,
39(11) :2490—2498.



