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Many of the social infrastructures such as bridges and tunnels constructed during Japan’s
period of high economic growth will soon reach the end of their useful lives. Despite the
increased importance of inspecting such old infrastructures, there has been a serious
reduction in the labor force responsible for the inspection work. The development of
structural health monitoring (SHM) technology has long been expected to realize the efficient
inspection of these social infrastructures. Against the same background, namely the rapidly
decreasing labor force, there is also an urgent need for the telecommunications industry to
develop a remote monitoring technique for optical communication facilities.

Research on optical sensing technology capable of remotely collecting monitoring information
1s being actively conducted for use as an SHM technology. A measurement technique utilizing
stimulated Brillouin scattering, which is a nonlinear optical phenomenon that occurs in
optical fibers, 1s gaining attention as a leading candidate for SHM. Brillouin sensing
technology allows distributed measurement to be performed and makes it possible to
sensitively measure changes in temperature or strain in a fiber under test (FUT) fixed to a
sensed object. In particular, as regards Brillouin optical time domain analysis (BOTDA),
which is a representative technology that employs Brillouin scattering, many studies have
been undertaken to improve all aspects of measurement performance including spatial
resolution, measurement accuracy, sensitivity, and measurement distance.

However, with BOTDA, it is essential to employ an FUT with a unicursal topology on the
sensed object, and so the wiring scalability is very poor when we wish to add the sensed



objects. In addition, the system reliability is insufficient because monitoring ceases
immediately when the FUT breaks during an emergency. The FUT should be wired flexibly
and effectively according to the shape of the sensed object, and continuous long-term
operation is required even under harsh environments including during an emergency.
Therefore, it is necessary to improve the wiring scalability and reliability of an optical
sensing system that uses Brillouin scattering. Furthermore, simplification of the system
configuration reduces the introduction cost. Moreover, if the sensing system can capture the
dynamic fluctuation of distortion, the application range will extend to a way of measuring the
natural vibration mode, which is directly related to structural deterioration.
As regards the remote testing of optical communication networks, a technique for measuring
optical loss distribution is required that corresponds to passive optical networks (PON) with
optical splitters, which have already been widely installed. A technique has been developed
for measuring the fiber loss of PON branches. The technique is called end-reflection assisted
Brillouin analysis (ERA-BA), but in order to put it into practical use, the actual performance
should be demonstrated in the field with in-service networks as a test bed. In addition,
network operators would desire the wide applicability of ERA-BA to any failure scenario such
as a broken fiber fault.
The purpose of this thesis is to investigate distributed sensing technology corresponding to
branched fiber topology based on ERA-BA, and contribute to the improvement of wiring
scalability and the reliability of optical sensing systems. In addition, the thesis will confirm
the performance of ERA-BA as a remote monitoring technology for PON in the field and with
a broken fiber fault, which is a preparatory step towards practical use. And the novel
Brillouin measurement method proposed in this thesis will expand the optical sensing
application field by combining a vibration measurement function with a simplified
cost-effective system configuration.
This thesis consists of the 6 chapters summarized below.
Chapter 1 is an introduction that describes the purpose, and organization of this thesis.
Chapter 2 describes the principle of ERA-BA, which is a Brillouin measurement technology
corresponding to the branched fiber topology. ERA-BA is the technical basis of the novel
sensing method proposed in this thesis.
Chapter 3 proposes a branched fiber sensing technique employing time-division multiplexed
probe pulses, which tune ERA-BA for temperature / strain measurement. It also describes the
measurement principle, basic configuration and experimental results, and clarifies the
applicable area showing the sensitivity advantage over conventional BOTDA.
Chapter 4 describes field test results when employing ERA-BA with in-service networks. In
addition, it shows the results of examining the applicability to a broken fiber fault, which is a
major type of failure with practical access networks.
Chapter 5 proposes a novel BOTDA technique that uses a frequency-swept pulse compatible
with both the simplification of the configuration of optical measurement technology utilizing
stimulated Brillouin scattering and an increase in measurement speed. The results of an
experimental vibration measurement are shown that made use of high speed Brillouin
sensing.

Chapter 6 concludes this thesis by summarizing the main results described in the above
chapters.

In conclusion, this thesis contributes to the development of SHM technology with excellent



wiring scalability and reliability. Moreover, the results constitute a preparatory step towards
the practical use of PON remote test technology and thus the realization of an effective
maintenance scheme for use in the telecommunication industry. Furthermore, by proposing a
vibration measurement method utilizing Brillouin scattering with a simple and cost-effective
equipment configuration, we can expect to extend the use to both SHM and
telecommunication network monitoring.
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