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Methane Concentration Monitoring System Based on Connecting Move Type
Anti-jamming Interferometer Underground

LIU Zhi-chao, YANG Jin-hua
(School of Optoelectronic Information, Changchun University of Science and Technology . Changchun 130000, China)

Abstract: To effectively monitor methane concentration in the underground, for interference large
characteristics underground , combined with real-time monitoring for methane concentration
requirements, self-eliminate vibration optical structure was designed with rectangular prism linked, and
the real-time data communication system was constructed based on the wireless network. In
interferometer system, the position of two rectangular prism were fixed. The two beam splitters with
connecting rod so that it can rotate synchronously, and the optical path difference is generated by
rotation. As a result of the link structure, the vibration introduced into the two beam splitters are present
in equal amounts at any time. Because the results was calculated used the difference value, therefore, it
can be completely destructive effect. By analyzing the maximum range of rotation of beam splitter, the
optical path difference range of the system can be calculated. Then through Beer-Lambert law, methane
gas concentration detection limit of the system was given in the underground. Experiment in the
laboratory and in the main mine roadway were completed, the measured standard concentration of
methane gas obtained through a chemical reaction, and the results was compared to test results of
WQF530 type spectrum analyzer. The results show that under the conditions of non-interference in the
laboratory, the relative error of two detection methods were less than 1. 0%4; In the underground
experiments, the test results of conventional optical detection methods significantly affected by the

environment, and relative error was greatly increased, but the test results of the system was stable. So it
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is strong anti-interference ability and stability.

Key words: Interference designed; Spectroscopy; Methane gas concentration; Anti-jamming capability;

Stability
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0 Introduction

Domestic and international spectrum analyzer was
widely used which included Michelson interferometer,
transform

Michelson

interferometer is the most commonly used spectrum

Grating diffractometer, static Fourier

interferometer, and ) ont",
analysis equipment. By the move of the moving mirror
optical path difference, to obtain the interference
fringes, it can choose to scan the optical path length
accordance with the spectral resolution. The system
can get a large range of the optical path, but the
moving mirror is the mechanical scanning structure, so
the system is vulnerable to outside influence. Grating
can be used in many applications, with the advantages

of a simple and non-scanning structure™’ .

But there is
a problem that the diffraction fringes obtained by such
methods, it affects the luminous flux, so has been
limited in the detection of trace gases. Of course, when
the concentration of methane gas is detected in
outdoor, the system has low detection capabilities
subject to the restrictions of the luminous flux. It was
applied the Fourier transform relationship of space
interference fringes and spectrum in Static Fourier
transform interference system. Because there is no

affected by the

environment, and the luminous flux was also larger.

moving mirror, it was less

But the structure of the static interference destined that
spectrum resolution capability is limited, because it can
not indefinitely increase the geometric structure.

There are many products in spectroscopy device
field based on this principle, but most can not be
applied to the detection of trace gases in outdoor™®".
Improved the stability of the interferometer system
using modified the structure of the interference system,
and accuracy error caused due to vibration is minimized
in the field environment. Retained scanning structure,
provided enough the optical path difference to detect
gases, it was a specialized used field spectrum detection
system. In outdoor working the accuracy error of
detection comes from jamming in the environment, so
most spectroscopy device always used in the laboratory

7, So it is

and would lose efficacy in field environmen
important to design a kind of system with the feature of
satisfied high luminous flux and high stability.
Domestic and overseas there are many organizations
researching spectroscopy device for detecting the

concentration of trace gases. WILLIAM F and his

working team promoted the stability of Michelson
interference system by improving the interference
structure, which has the same size of the mirror and
beam splitters™’. The ROCKTM Series of BRUKER
Company developed a kind of interference structure
with two rectangular prisms, two mirror,and one beam

2071t makes light to go back in the same

splitter
optical path using rectangular prism, so the spectrum
distribution function is affected a little, the minimum

B Tn a word, it is

spectrum resolution is 0. 003 cm
necessary to research a system with high spectrum
resolution and high stability, and it can detect trace

gases.

1 System design

In order to improve the stability and accuracy, the
spectrum analysis method was used to calculate the
concentration of methane gas, optical structure of
rectangular prism linked was designed for getting
interference fringes, and the concentration of methane
gas was solved by the spectrum distribution function.
The beam splitters was used as part of mechanical
scanning instead of moving mirror for getting the
optical path difference. The beam splitters are
connected by two connecting rods, so the interference
of vibration can be offset by each other. Derived the
maximum angle of the forward rotation and reverse
rotation, which is the maximum range of optical path.
The experiments were carried out in the indoor and
outdoor, compared with the experimental interference

In the

conditions of indoor without interference, the accuracy

fringes with WQF530 type spectrometer.

of WQF530 type spectrum analyzer is slightly higher
than the system, but in a real environment with
interference, the stability of the system was
significantly higher. Due to the different accuracy of
the spectral distribution function, the detection
accuracy of methane gas concentrations is also affected.
Therefore, the seismic design of the system can
effectively offset the power deviation caused by external
interference and half-width increases of the center
wavelength, so the system is more suitable for field
detection than conventional interference device by
mechanical scanning.

The principle of interferometer system was shown

by Fig. 1.

interferometer system, the light is detached two parts

When the laser was come into the

with same energy, one part arrive M, mirror through
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beam splitter (it can be called light 1), and another one
is reflex to rectangular prism ABC (it can be called
light 2). Light 2 spread from plane AB to plane BC, at
last it reach CCD camera by focus lens, while light 1
spread to M, and is reflex to rectangular prism DEF
from plane DE to plane EF. Because of focus lens, it
can be interfered by different lights, so interference
fringes can be collected by CCD camera. The optical
path difference of the interferometer system was
obtained by rotary beam splitter. In the Fig. 1, the
dotted line shows it is the beam path in initial position
of the corresponding prism. When the connected prism
1 and the connected prism 2 rotate § angle, the optical
path changed, so it produces the corresponding optical
path difference. When outside interference make the
moving mirror 1 to shake producing a small variable,
because of the connected of prism 1 and prism 2 it will
produce the same amount of shake effects on the
contrary from the prism 2. The theory can be
completely eliminated, but in practice, due to the
different connection there will be certain error, but it
can greatly improve the anti-vibration ability of the
system. When mirrors rotate § angle, corresponding
optical path difference is the offset of § angle in the
design, so we can further increase the scanning range
of the optical path for improving spectrum resolution
higher.

Air chamber
emmasTT ey
-~ \
¢ Methane gas
Laser + v
| ;
L

’

‘Comcentration displayH CPU H CCD camera

Fig. 1

The main structure of the optical system is

Principle of the interferometer system
composed of beam splitter M,, mirror M, and
rectangular prism ABC and rectangular prism DEF. In
the initial state, the plane mirror M, and M, is parallel
to the plane AB and DE. The laser was divided into
two beams of light through the beam splitter, through
different paths to reach the focusing lens, the value of
the interference in this process. Since the beam splitter
rotation, two beams of light produce different optical
path distance, thereby to produce a continuous change
in optical path difference. When the presence of outside
interference, the vibration introduced into the two
beam splitters are present in equal amounts. Because
the results was calculated used the difference value,

therefore, it can be completely destructive effect.

2 Optical path difference function

2.1 Derivation of interference intensity

Assumptions;: AB=BC=a, DE=EF=a, ABC
and DEF is both rectangular prism. CD = /2 /2a,
according to the trigonometric relations, the value of
the interference r is

r=+2a [@D)

In the process generate optical path difference,
rotating @ angle, the corresponding optical path
difference is

AS=rsin 0 (2)

In accordance with the relevant principles of the

focusing system, the optical path difference is
AS=.2a % (3)
Among them, the focal length of focusing lens is

f» the real image height of object point is A.

Therefore, their phase difference is

20= 22 asin 0= /7a b (4
A A /

So at any point the interference intensity is

I(G):ZIO<1+COS (%ﬁasin@)) (5)

Whe kACk=0,1,2, -

n %asm& = ), it is bright

interference fringes.

21 /2 asin 1 5 L
When y = kA (/e:?,%,7“-), it is
dark bright interference fringes.
2.2 Angle range calculation
In the interferometer system, optical path

difference is produced by the rotation of beam splitters.

Beam splitters can rotate clockwise or counter-
clockwise, and it all could change the optical path.
When it is clockwise rotation, through the triangular

relationship the maximum rotation angle is
V2a
2(J2a+h)
When it is counter-clockwise rotation, beam from
the surface BC could be reflected by the surface AB.
The coordinate system is established by OO’, and

O <l arctan (6)

calculate the position of each point. B pointsis (2 /4 a
VZa+h),C points is(32 /4a.2 /2a+h)and D points

is(342 /4a,h).
So line AB could be shown by
y=x+2a+h D)
And the line O, A, could be shown by
y=—xcot f3 (8

By Eq. (6) to (8), the maximum rotation angle

can be calculated, it is

0228003~ 3



@<%* arccot[ 13a+22 h+

V120(/2a+h)? +64y2ha+160a*1/7a ()
when a = h, the maximum rotation angle of beam
splitter is

Ornas | ctockwine << 16. 33° (10)
Counter-clockwise to the maximum angle of rotation

B | o e 8. 49° (D

Finally, it is known that the largest rotation

angle, the system can calculate the optical path of the
scanning range based on the ability of the rotation
angle, and obtain the spectral resolution. The system
can obtain the spectral distribution function by the
Fourier transform from interference fringes detected,
and can obtain the absorption rate of light intensity to
corresponding wavelengths. By Bill-Lambert law it
could calculate the concentration of measured gas, and
the spectrum resolution will be a function of the

concentration of measured gas.

3 Experiments

3.1 Experiments designed

The concentration of methane gas was detected in
the laboratory simulation of in the mine, we separately
did experiment to detect the concentration of methane
gas in the chamber of the laboratory and emission
source in the outdoor.

The interferometer system and its controller in the
mine were shown by Fig. 2. The interferometer system
was placed in the underground tunnel, and it obtained
the concentration information of methane gas by

spectrum analysis in the underground tunnel. By

wireless transmitter module, the concentration
information of methane gas is passed to the network
control center. The concentration of methane gas for
each point position was shown by display module in the

processing center,

Lateral shearing interferometer Computer
Wireless sensor networl

obile node

Fig. 2 The interferometer system and its controller
in the mine
3.2 Experiments results
It is detected of the concentration of CH, gas in a
laboratory chamber and field environments, every five
minutes, the gas is collected in a measured region. The

paper analyzed spectrum information at the same time

through WQF530 spectrometer and the interferometer,
inversion of the concentration of CH, information, and
the data was shown by Table 1.

Table 1 The concentration of CH, data of the
three methods
. ) Concentration of CH,/(pg * m *)
Time/min
Laboratory chamber

Type (A) (B) ©
0 0 0 0
B 34.3 36. 2 35.1
10 112.4 112.3 113.6
15 268. 1 266.4 265.3
20 349. 2 346. 5 345.3
25 458.3 458. 3 457. 2
30 422. 2 424.3 423.5
35 402.9 396.0 401. 3
40 361.3 364.6 363.4

. ) Concentration of CH;/(pg * m *)

Time/min
Underground

Type (A) (B) ©)
0 0 0 0
5 29.3 25.2 28.2
10 85.2 72.3 81.2
15 212.5 184. 2 197.5
20 303. 8 286.4 296. 3
25 413. 2 427.6 403. 7
30 383.2 386. 8 385.2
35 313.4 292.4 306. 4
40 247. 4 223.3 247.1

Note: A is solving the concentration of CH; by chemical
sampling and analysis; B is solving the concentration of CH,
by WQF530 spectrometer; C is solving the concentration of
CH, by the interferometer. The measured gas release, shut
down after 30 minutes, and it is detected every five minutes.

At different
sampling and analysis (A), WQF530 spectrometer (B)

times, using method of chemical

and the interferometer (C) to detect the concentration
of CH, Although method of

chemical sampling and analysis can not achieve real-

in the same region.

time detection, but its accuracy is 1 to 2 orders of
higher  than method.

Therefore, it looks as the standard results. Compared

magnitude spectrometric
and calculated the ability to obtain the concentration of
CH, by WQF530 spectrometer and the interferometer.
3.3 Data analysis

Method of chemical sampling and analysis was
used for calibration. Experimental results was shown
that in the laboratory air chamber, almost no outside
interference conditions, the concentration of CH,
detected by the two spectrum detection method was
almost the same to method of chemical sampling and

analysis. The relative error of two methods is less than
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1%, and the precision of WQF530 spectrometer is
slightly higher than the interferometer. However, in
outdoor mode with interference conditions, it produces
obvious errors of the concentration of CH, by WQF530
spectrometer, because of outside interference, and
relative error ranged from 10% to 20%. And the
relative error of the system is also lower than 5%. For
the interferometer system, due to seismic design, so

So the

concentration of CH, detected by the interferometer

most of the outdoor interference is offset.
system is close to the true value. The spectrum data
obtained from the spectrometer (spectral distribution
function) can be seen, the center wavelength position

has

characteristics distribution of CH, using traditional

not changed corresponds to  spectrum

spectrometer, but the amplitude decreases and the half-
width The

spectrum data is basically the same in the interference

increases due to outside interference.
environment and in the chamber of the laboratory using
the interferometer system, so it is also close to the
standard value when the inversion of the concentration

of CH,.

4 Conclusion
For the

surveillance of traditional detection method of methane
the

interferometer system. The system got change of

long sampling time and sentinel

gas concentration  shortcomings, designed
optical path through rotation of the beam splitter, and
got the range of the optical path for interference in the
desired. The maximum clockwise rotation angle of
beam splitter is 16. 33° and the maximum counter-
clockwise rotation angle of beam splitter is 8. 49°. In
indoor and outdoor experiments, the experimental
results showed that detected in the indoor chamber of
the test data of the two methods are close to the true
value, and errors are less than 1%. In interference
environment, the error of WQF530 type spectrometer
and more than 10%. The

became greatly,

interferometer system error is below 5%.

References

[1]

2]

[3]

[4]

[5]

[6]

7]

(8]

9]

[10]

[11]

[12]

[13]

0228003~ 5

ZHU Yan-wu, LIU Wen-qing, XIE Pin-hua, et al. Long path
differential optical absorption spectroscopy based on CCD[]].
Acta Photonica Sinica, 2009, 8(34): 357-361.

LU Qun-bo, YUAN Yan, XIANG Li-bin, et al.
data compression [ ] ].
Photonica Sinica, 2008, 37(3): 573-576.

LIU Wen-bin, XIE Pin-hua, SI Fu-qi, et al. Study of portable
DOAS device of monitoring gas[J]. Optical Technique, 2008,
1(36): 112-115.

WILSON D, IRWIN G, LIGHT G. RBF principal manifolds
for process monitoring [ J]. IEEE Transactions on Neural
Network, 1999, 10(6) . 1424-1434.

KOMISAREK D, REICHARD K, MERDES D, et al. High-

performance non- scanning Fourier-transform spectrometer

Fourier
Acta

transform imaging spectral

that uses a Wollaston prism array[]J]. Applied Optics, 2004,
43(20): 3983-3987.

XIANG Li-bin, YUAN Yan, LU Qun-bo, et al.
transfer function of the Fourier transform spectral imager [J].
Acta Physica Sinica, 2009, 8(41) . 1456-1460.

TANG Hong, ZHENG Wen-bin, LI Xian-xia. Application of
principal component analysis to selection of characteristic

Optics and

Spectral

wavelengths with total light scattering [ J ].
Precision Engineering , 2010, 8(2) . 437-442.
ACOSTA E, CHAMADOIRA S, BLENDOWSKE R.
Modified point diffraction interferometer for inspection and
evaluation of ophthalmic components[J]. Optical Society of
America, 2006, 3(23); 632-637.

WILLIAM F, PEARMAN D. AUGUSTUS W,

Classification of

et al.

chemical and biological warfare agent

stmulants by surface-enhanced raman spectroscopy and
multivariate statistical techniques[J]. Applied Spectroscopy .
2006,60(4) : 356-365.

CHANG C, CHEN J., SRINIVASAN D, et al. Fuzzy logic
approach in power system fault section identification [ ] ].
IEEE ProcGener, Transm and Distrib, 1997, 144(5) . 406-
414.

LUCO J, WONG H. Response of a rigid foundation to a
spatially random ground motion[J]. Earthquake Engineering
and Structural Dynamics,1986, 2(14). 891-908.

SONEJI B, JANGID R. hybrid
earthquake protection of cable-stayed bridge[]J]. Engineering
Structures, 2007, 5(29): 57-70.

FOX P, SCHOLTEN R, WALKIEWICZ M, et al. A

reliable compact and low-cost Michelson wavemeter for laser

Passive systems for

wavelength measurement [ J |. American Association of

Physics Teachers, 1999,67(7) :624-630.





