Front. Optoelectron. China 2009, 2(3): 285-288
DOI 10.1007/s12200-009-0029-5

RESEARCH ARTICLE

A modified dual-wavelength matrix calculation method

Xin LIU (X))', Deming LIU', Wei WU?, Zheng QIN?

1 College of Optoelectronic Science and Engineering, Huazhong University of Science and Technology, Wuhan 430074, China
2 School of Science, Wuhan University of Technology, Wuhan 430070, China
3 Accelink Technologies Co., Ltd., Wuhan 430074, China

© Higher Education Press and Springer-Verlag 2009

Abstract Fiber grating is an optical passive device which
has been greatly developed in recent years. The largest
application for fiber Bragg grating (FBG) is the fiber
sensor. Cross-sensitivity of fiber grating sensor is the most
important problem which has restricted the development of
the fiber sensor. In this paper, we explain how the cross-
sensitivity problem is produced based on the basic
principle, and we suggest a modification for the traditional
dual-wavelength matrix calculation method, which is used
to solve the cross-sensitivity problem. The modified
calculation method has a higher accuracy than the
traditional one.

Keywords fiber Bragg grating (FBG), cross-sensitivity,
fiber sensor, dual-wavelength matrix

1 Introduction

Fiber grating is an optical passive component that has been
developed rapidly in recent years. With mature manufac-
turing technology and extensive application, fiber grating
can be widely used in the future. A periodic refractive
index distributing in dimension, where the photosensitive
characteristic of the fiber material is used, can control the
propagation of light in the fiber grating. These unique
characteristics can make it possible for the application of
fiber grating in the fiber communication net and sensor net
fields. Cross-sensitivity of fiber grating sensor is an
important problem which restricts the development of the
fiber sensor. In the factual application, the wavelength of
fiber Bragg grating (FBG) can be affected by stress and
temperature, which means the fiber grating sensor has a
cross-sensitivity problem between stress and temperature.
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The dual-wavelength matrix calculation method [1] is
currently the most popular method to solve the cross-
sensitivity problem.

2 Theory derivation

Here is the basic theory of a sensor made by FBG.

When a broadband light comes into FBG, only a
narrowband signal wavelength close to Bragg wavelength
can be reflected, and the other broadband wavelength will
be transmitted. The Bragg wavelength is [2]

Ap = 2ngppA, (D

where A is the grating period, and n.¢ is the effective index
of the fiber core.

When the stress or the temperature changes, A and g
are affected, which will make the Bragg wavelength off-
set. We can explain the relationship between the Bragg
wavelength and stress and temperature by the equation
below:

A = Ag(&.T). (@)

By making dualistic Taylor series expansion in Eq. (2),
we can get an expression of Ag as follows:
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where A¢ and AT are the change of stress and temperature to
reference estate (gy,7p). Therefore, the change of Bragg
wavelength which is caused by stress and temperature is

Adg = Ap(&,T)—2g(€9,Tp)
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When the high level in Eq. (4) is ignored, the formula of
AA can be obtained as follows:
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The first item at the right of Eq. (5) is the wavelength
excursion caused by stress, and the second item at the right
of Eq. (5) is the wavelength excursion caused by
temperature. On the other hand, wavelength excursion
caused by stress can be expressed as [3]

AAB - AB(l *PS)AE, (6)

4)

where
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is the Elasto-optical coefficient, p;; and p;, are the weights
of Elasto-optical tensor, and v is the Poisson coefficient.

Wavelength excursion caused by temperature can also
be expressed as follows:

AAB = AB(OC +ﬂ)AT, (7)

where a is the coefficient of thermal expansion, and f is the
thermo-optic coefficient.

Contrasting Egs. (6) and (7) to Eq. (5), we can get the
following equations:

)]
ke = =2 = Ja(1-Po), ®)
0
kr = o A(a+p), €)

where k, is the stress sensitivity coefficient, and k7 is the
temperature sensitivity coefficient.
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When the fiber grating is used in sense measurement [4—
8], the accurate measurement result cannot be achieved
because the single FBG cannot distinguish whether the
change of the Bragg wavelength is caused by stress or
temperature. A traditional method used to solve this
problem is the dual-wavelength matrix calculation method.

The dual-wavelength matrix calculation method can
solve the problem like this: by using two FBG with
different Bragg wavelengths in the system, the change of
Bragg wavelength matrix can be received as follows:

AL, kie kir || Ae

Ady ke ko | |AT |
where k., ki 7 are the stress sensitivity coefficient and the
temperature sensitivity coefficient for one FBG each; and
kye, ko7 are the stress sensitivity coefficient and the
temperature sensitivity coefficient for another. By using
Eq. (10), the stress change and temperature change can be
distinguished concretely.

Equation (10) is the final expression for a traditional
dual-wavelength matrix calculation method. The high level
is ignored in Eq. (5). If the high level hyper-two is ignored,
and the two-level items are used in Eq. (4) as fix items, a

modified dual-wavelength matrix calculation method
equation can be obtained below:
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where ki, k72, and k.7 are the two-level stress sensitivity
coefficient, the two-level temperature sensitivity coeffi-
cient, and the stress-temperature cross-sensitivity coeffi-
cient for one FBG; ke, kyp2, and k.7 are the two-level
stress sensitivity coefficient, the two-level temperature
sensitivity coefficient, and the stress-temperature cross-
sensitivity coefficient for another. By using Egs. (1), (4),
(8), and (9), k., kp2, and k. can be calculated as below:
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Obviously, Eq. (11), as the final expression for a modified
dual-wavelength matrix calculation method, has more
precision than Eq. (10), because the two-level items in
Eq. (4) are considered.

3 Simulation result and analysis

Now the reflectivity of the FBG can be calculated by
traditional dual-wavelength matrix method and modified
dual-wavelength matrix method, respectively. In normal
germanium-doped silica fiber,
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pu=0.113, p;,=0.252,
v=0.16, n.s=1.482,
a=0.55x10"° p=8.6x10°.

Suppose the original Bragg wavelength of FBG is Ag =
1550 nm, the stress change is Ae = 500x 10 %, temperature
change is AT'=20°C, the simulated result is shown in Fig. 1.

Figure 1(a) is the original reflectivity of FBG; and
Fig. 1(b) is the reflectivity calculated by using traditional
dual-wavelength matrix method and modified dual-
wavelength matrix method, respectively, with the change
of stress and temperature. We can find that in Fig. 1(b), the
two reflectivity calculated by two methods are almost the
same.

If we suppose the stress changing factor is Ae=
1500x 10 %, and the temperature change factor is AT=
60°C, the simulated result is shown in Fig. 2.

In Fig. 2(b), we can find that the reflectivity difference
which is calculated by two methods is obvious. Comparing
Fig. 1 with Fig. 2, we can make a conclusion: when the
stress and temperature conditions are changed little, the
reflectivity calculated by the modified method is almost the
same as the traditional method; when the stress and
temperature conditions are changed more, the reflectivity
calculated by the modified method is more accurate than
the traditional method.

4 Conclusion

In this paper, we modified the traditional dual-wavelength
matrix calculation method by using the two-level items in
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Fig. 1 Reflectivity of FBG with small change condition. (a) Original reflectivity of FBG; (b) traditional dual-wavelength matrix method versus

modified dual-wavelength matrix method
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Fig. 2 Reflectivity of FBG with big change condition. (a) Original reflectivity of FBG; (b) traditional dual-wavelength matrix method versus

modified dual-wavelength matrix method

Eq. (4) as fix items. The accuracy is improved greatly as
shown in Figs. 1 and 2. With the modified method, we can
get better results when the stress and temperature
conditions are changed more, which can be useful for
design in the future.

References

1. Xu M G, Archambault J L, Reekie L, Dakin J P. Discrimination
between strain and temperature effects using dual-wavelength fiber
grating sensors. Electronics Letters, 1994, 30(13): 1085-1087

2. Dakin J P, Culshaw B. Optical Fiber Sensors: Applications, Analysis
and Future Trends. Boston: Artech House, 1997

3. Rakucewicz J. Fiber-optic methods of level sensing. Sensors, 1986, 3
(12): 5-12

. Wu W, Liang L. Long-term real-time monitoring system for port

machinery based on fiber grating sensors. In: Proceedings of the 1st
International Conference on Intelligent Networks and Intelligent
Systems, 2008, 354-357

. Wu W, Liu X. The application of improved genetic algorithm in fiber

Bragg grating (FBG) sensor network. In: Proceedings of the 2nd
International Conference on Genetic and Evolutionary Computing,
2008, 3-6

. Wu W, XuR Q, Liu X, Chen T. Tunable laser using semiconductor

optical amplifier and its application in fiber grating sensor system.
Proceedings of SPIE, 2008, 7135: 71353B

. Wu W, Dai Y W. Wavelength-shift detection methods for fiber Bragg

grating sensor. Semiconductor Optoelectronics, 2006, 27(4): 489—
492 (in Chinese)

. Wu W, Liu X, Chen T. Tunable laser based on semiconductor optical

amplifier. Applied Laser, 2008, 28(1): 42—44 (in Chinese)



	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


