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Abstract

Polarization sensors have attracted attention and been researched as they can be constructed with a
very simple experimental setup. They utilize the polarization characteristic of light propagating in an
optical fiber and determine the strain, stress, pressure, etc. from changes in the polarization state of
light propagating in a single-mode optical fiber when the sensor is affected by external factors.
However, in previous research, the use of either Hi-Bi fiber or polarization maintaining fiber made the
cost of the sensor system very high and operate difficultly. In this work, we present a polarization
sensor system that determine strains by measuring changes in polarization state in a single-mode fiber
which are commercially available inexpensive fibers. This greatly reduces the cost of the sensor
system. In the experiment, we use the fiber wound in a coil shape as a sensor. When strains are applied,
the sensor is rotated by the invar wire that is attached to the sensor. Strains applied in the experiment
can be determined from the measured polarization states when the sensor rotates.

In addition, we propose to calculate an arbitrary optical path using the Jones matrices of two rotated
wave plates. The calculated polarization states obtained using the proposed method are in good
agreement with the measured values, which demonstrated the feasibility of the proposed method.
Therefore, when two Jones matrices representing the optical path are obtained, the polarization state
of the transmitted light can be calculated from that of the reflected light on this optical path and vice
versa. Also, the strains applied in experiment are in good agreement with the calculated ones. These
all verified the feasibility of the strain sensor system developed in this work. Therefore, when the
object (building, slope, etc.) connected to the other end of invar wire is deformed, the strain amount
can be obtained by this method. However, when a multipoint measurement is performed by connecting
sensors in series, the size of the experimental data becomes enormous and it will become very difficult
to use function fitting for data processing. Taking that problem into account, we performed data
processing using a 3-layer feedforward neural network. The experimental data are used as training
data for learning, that is, we take the measured polarization state as the input and the rotation angle of
the sensor as the output for training the neural network. In addition, to test the trained neural network,

we provided a newly measured polarization state to the trained network. The output of the trained



network, namely, the rotation angle of the sensor, is almost the same as that applied in experiment that
generated the test data. These results demonstrate the feasibility of both the sensor system and the data

processing methods proposed in the study.
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