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Abstract

In recent years, fiber Bragg grating (FBG) sensors have attracted much attention because of their
excellent properties and potential use in a wide range of applications. The excellent properties include
small size, lightweight, remote sensing, wide bandwidth, immune to electromagnetic interference, lack
of need for electrical power, and so on, which makes FBG sensors play an important role in monitoring
and measuring the strain conditions of infrastructures.

However, since the conventional FBG strain sensors analyze reflected spectrum and measure the shift
of reflected wavelength due to strain changes, a broadband light source, and an optical spectrum
analyzer are indispensable devices, which make the measurement system large and expensive. In this
research, we proposed a strain sensor system that measures strains from reflected power changes of
FBGs. A laser diode as a light source and a power meter as a measurement device are used in the
system, which makes the FBG strain sensor system miniaturized and low-cost over to conventional
FBG sensors. In addition, multipoint strain measurements can be implemented by using the time delay
of reflected pulses of a series of FBG sensors with the reported method. When there are two or more
FBGs, an oscilloscope is used as the measurement instrument since it can perform multipoint
measurements. In order to approximate the relationship between strains or temperatures and reflected
power, a feedforward neural network is used. This is because a feedforward neural network composed
of three layers of an input layer, a hidden layer, and an output layer, can approximate any function
with high accuracy. Comparing with the results calculated by function fitting, accuracy was pretty
improved by using a neural network.

A temperature compensation experiment was conducted using two FBGs connected in series in this
study. In the experiment, one FBG was used for temperature measurement, and the other one was used
for strain measurement. We heated both FBGs, and applied strains to only one FBG in the experiment.
In order to model the strain-temperature-power relationship of the FBGs, the measured power of the
FBGs was used as the input layer of the neural network, while the strains and temperatures were used
as the output layer. The temperatures and strains obtained using the neural network agree well with
the actually applied temperatures and strains in the experiment. In comparison with the strains and

temperatures calculated using function fitting and that calculated by the neural network, it is found



that the accuracy was greatly improved using the neural network. Furthermore, the output was also
correctly obtained for the power other than the measured power. Therefore, not only the feasibility of
the strain sensor system proposed in this research but also the data processing method using a neural

network have been demonstrated by experimental results.
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