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Abstract Fiber optic sensor using fiber Bragg grating(FBG) probes is used for monitoring strain and temperature
distributed on the wide surfaces of large structures. In this paper, in order to use many FBG probes in one optical
fiber line, we propose a complex multiplexing technology which is composed of two techniques, one is time
division multiplexing and another is wavelength division multiplexing. However, we only investigate the
characteristics of time division multiplexing because FBG sensors basically can be operated by wavelength division
multiplexing. We calculate the optimal reflectivities and the lengthwise location of five FBG probes in serial
connection in order to obtain the unique reflected intensities from the FBG probes. We fabricate five FBG probes
with the reflectivities of 13%, 16%, 25%, 40% and 80%, which are determined by the theoretical calculation, and
observe the signal reflected from each FBG in the time domain from the experiment. There are differences between
experimental and theoretical results caused by the signal noise and the differences of reflectivities of FBG probes.
But the experimental results shows the reflected signals of five FBG probes which prove the availability of -
complex multiplexing.
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Fig. 1 Schematic of fiber optic FBG sensor
system
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Fig. 2 Time division multiplexing of fiber optic
FBG sensor system
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Fig. 3 Reflection from FBG probes
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Fig. 4 Intensity ratio calculation of five FBG probes with 12% reflectivity
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Fig. 6 Experimental setup of multiplexed fiber
optic FBG sensor system
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Fig. 7 Intensities of reflected lights of two FBG

probes with 30% reflectivity
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Fig. 8 Intensities of reflected lights of two FBG
probes with 20%, 30% reflectivity

o Ag-& TS TY B Hgy F
A7 MAIRE A(HE B ZZ 20%, 30%=
AR Fig. 82 F4f FBG @529 whA}
Az AZ1E AT Aoy Ly Le 4%
93mV, 9.5 mVE TR} olgd AAE o
2o 2RE 3 94 mVeF vl s A
% Z2F9dg & 5 3k
5.3, 57H2| FBG EHEXIQ| HiAMME £H

FBG ®57 5718 @29 Bl AE2 4
Z3t I Wb AEE FHSEeH AN FAFo] 7t
TEAE golry] AT S FHIATE o)E
A(4E o83 FBG A 5A=RE 54
WEALZS) M) 7]¥)(intensity ratio) 12%E 47 A%
FBG ¥&A 279 =g Adtste Ba Zbzt
12%, 16%, 23%, 38%, 9% = AAHAAT} o] FX)
T SNR# A&zt 4 T2 s wizs
HUA 2 AT goldh. 18y FBG BEAE A
e BT B Ay aAo2 Ad)
AAZ A)ZE FBG ©&Ale] WRAIZE 13%, 16%,
25%, 40%, 80%°]%ic}. Fig. 9% #4d% FBG ¥
Zk2) WAL A5 o) A7) 2% AFe)H, o]
AZE FBG BEFAY vARE o|E4d dYds}
o Z¥zte] FBG ©&EHAte] WAbEe] Al7|HlE AAb
&t ERd 7A°1 Fig. 10(7% d)°lch E3 HA
Ay wwdts) st AFLD FBG BEAH]
BhALR9] A|71¥1E Fig, 10(@3HA)e] B4l A3
oA QAR A7l= 6.7 micro-Wol T

= »
o o

Intensity (mV)

0.5+

. . ———————
[ 100 200 300 400 500 600
Time (ns)

Fig. 9 Intensities of reflected lights of five FBG
probes with 13%, 16%, 25%, 40% and
80% reflectivity
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Fig. 10 Comparison of theory and experiment
about intensity ratios of reflected lights of
five FBG probes
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