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1.   Optical fiber sensing

Optical fiber sensing (OFS) technology does not 
require a power supply for the sensing part because 
light injected into the fiber is used for detection pur-
poses. Thus, the system does not suffer from the 
effects of lightning damage or electrical induction. 
Quartz glass is used for high resistance to corrosion, 
and its low-loss properties mean that long-distance 
sensing is possible. Electrical sensing generally uses 
sensors that take measurements at a particular loca-
tion (point sensing), but OFS enables distributed 
sensing, which allows sensing over a long range in 
both one and two dimensions (linear and planar sens-
ing) depending on the sensor placement method.

OFS has thus been gaining attention recently as a 
key technology in the monitoring of the utility infra-
structure. Moreover, optical fiber cables have recently 
been laid along major roads and rivers, so economical 
monitoring systems can be made by using them as 
sensing lines. Thus, examples of practical application 
are on the rise.

There are many types of OFS technology. The main 
ones that NTT InfraNet is working on are compared 
in Table 1. They use a fiber Bragg grating (FBG), 
optical time domain reflectometer (OTDR), Brillouin 
OTDR (BOTDR), and Raman OTDR (ROTDR).

2.   Developed applications

Various applications have been developed and the 
most suitable type of OFS to meet customer needs 
can be selected (Table 2). Some typical systems are 
described below.

2.1   Road slope deformation monitoring system
2.1.1   Background of development

Landslides at the surface layer on slopes along 
roads (surface-layer landslides) frequently cause 
damage, but their morphologies vary greatly, making 
it difficult to identify where landslides will occur. 
NTT InfraNet is participating in the Public Works 
Research Institute’s Joint Research on Road Slope 
Monitoring Systems Using Optical Fiber Sensing 
with the goal of achieving practical linear and planar 
slope deformation monitoring and is conducting 
sensing operations.
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2.1.2   Examples of sensing systems
A monitoring system was set up in a wooded area, 

about 1000 m wide and 200 m high, with continuous 
gradual ridgelines and valleys having slopes of 20 to 

30º (Fig. 1). This area has occasional small-scale 
landslides, so the surface layer can be expected to 
slide. Optical fiber sensors were installed in a 200-m 
section following the road on the east side of the 
slope, and sensing was conducted. One optical sensor 
(BOTDR-based) was laid in an unbroken zigzag pat-
tern. When surface layer sliding occurs, strain is 
placed on the optical sensor and the BOTDR enables 
the deformation to be detected remotely.

Two typhoons struck Japan in October 2004, caus-
ing damage in several areas across the country. A 
landslide monitoring system that was set up in late 
September 2004 in a particular area recorded a total 
of 165 mm of rain during the period of heavy rain 
from the time sensing began until October 20. Slight 
displacements occurred repeatedly each time there 
was rain of about 40 mm/day. But with the approach 
of typhoon No. 22 on October 9, cumulative rainfall 
reached 110 mm, and a large displacement (up to 2 to 
3 mm in a 5-m sensor section) occurred (Fig. 2). After 
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Table 1.   Comparison of sensing methods.
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Table 2.   Developed applications (disaster prevention).
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Fig. 1.   Schematic configuration of sensed slope.
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that, surface sliding occurred within the monitored 
area on October 20 (Photo 1). This slide was about 15 
m wide and 30 m long, with soil 1 to 2 m deep sliding 
about 50 m along the slope to reach the highway 
below. The system could record the process of rap-
idly increasing displacement and subsequent surface 
slides in the torrential rains that accompanied the 
approach of typhoon No. 23.

2.1.3   Results of system introduction
The following improvements in road management 

can be expected as a result of this system being intro-
duced. 

•	 If movement of the slope as a whole is identified 
and precursors to landslides are detected, monitoring 
can be enhanced and work on countermeasures can 
be started.

•	 In sections with traffic restrictions, the restric-
tions can be lifted if no signs of landslide are seen, 
even after a certain amount of rain has fallen. 

2.2.   River levee monitoring system
2.2.1   Background of development

River administrators patrol levees regularly and 
also conduct special inspections in times of heavy 
rainfall to detect changes in the levee and take coun-
termeasures quickly when necessary. But it is diffi-
cult and also dangerous to monitor the entire section 
during times of abnormally high runoff. Furthermore, 
detecting the situation and progress of deformation 
within levees is difficult to do visually. In June 2004, 
the Ministry of Land, Infrastructure and Transport 
established guidelines for river monitoring technolo-
gy, clearly noting the need for water-level observation 
within levees to manage those levees. 

2.2.2   System examples
Sensing systems have been installed on the Shonai 

river (Aichi prefecture) and Takahashi river (Okaya-
ma prefecture), which were identified as targets for 
monitoring in the above-mentioned guidelines. Prior-
ity monitoring locations are (1) major levee protec-
tion areas that have a history of leaking, (2) locations 
of past breaks indicated by terrain classification maps 
etc., (3) locations in need of drainage measures, and 
(4) locations of levee improvement/repair construc-
tion. 

On the Shonai river, optical fiber sensors (using the 
BOTDR method) were installed in a 640-m section 
along the levee (Photo 2). In each sensor section, one 
strand of optical fiber was laid continuously in a zig-
zag pattern with each side being 3 m long. The moni-
toring system sounds an alarm if a preset value is 
exceeded when there is a change (slippage, etc.) in 
the levee caused by flooding or an earthquake etc. 
(Fig. 3).
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Fig. 2.   Displacement graph.
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For the Takahashi river, optical water-level sensors 
(using the FBG method) were installed in the levee. 
The monitoring system can accurately identify water 
penetration in the levee in times of abnormal runoff. 

2.2.3   Effects of system introduction
This system supports visual inspection patrols. The 

following improvements in river management can be 
expected.

•	 Constant monitoring of the integrity of river 
levees, contributing to the prevention of levee breaks 
through early detection of warning signs.

•	 Confirmation of the effects of levee reinforce-
ment work.

•	 Effective use of optical fiber already laid for river 
management.

2.3   Sluicegate opening/closing detection system
2.3.1   Background of development

River management facilities have channels struc-
tures such as sluiceways and sluice pipes that pass 
through the levee (Photo 3). These control the release 
of water from tributaries: the gates are opened and 
water is released when the water level of the main 
river is lower than that of the tributary and the gates 
are closed when the main river water level is high to 
prevent backflow into the tributary. 

The operator needs to go to the site and read the 
water-level gauge to decide if the gate needs to be 
opened or closed. During irregular runoff, timely gate 
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operation based on water-level changes is required 
for individual sluiceways and sluice pipes. The opera-
tional information is sent to the management section 
by means such as telephone or email. However, gate 
opening and closing information often cannot be 
gathered during irregular circumstances if the river 
has many such facilities. That can even cause other 
operators to go to the site after someone else has 
already performed the operation.

2.3.2   Sensing system examples
Sluiceway and sluice pipe open/close detection 

sensors (Faraday optical sensors) using OFS technol-
ogy (OTDR method) have been installed on the Sho-
nai river (Fig. 4). With Faraday sensors, a strong 
reflected wave is generated when the sensor butts 
against a magnet, allowing realtime detection of situ-
ations such as a gate opening or closing. The follow-
ing sensors were installed to detect water-level infor-
mation in a step-like manner and to detect gate open-
ing/closing information.

(1)	 Sensors were attached to floating water-level 
gauges and the status such as water level above a 
threshold is detected in steps to enable staff at the 
management center to judge if the gate needs to be 
opened or closed.

(2)	 Sensors were attached to the side-wall and 
magnets were attached to the gate, and the opening/
closing status is detected in real time to provide infor-
mation at the center about the status of gate opening 
and closing performed by the operator based on this 

judgment.
We made use of the existing river management 

optical fiber network from the river management 
office to the sluiceway and used sluice pipes as the 
sensing line. The system is composed of data process-
ing personal computers, an OTDR set up in the 
manned river management office, and an OTDR at an 
unmanned office 40 km away, as well as sensors for 
detecting the water level and the opening/closing of 
five sluicegates. There was no need to construct a 
power source at the sluiceway, and remote control can 
be done from the river management office. Thus, a 
low-cost wide-area monitoring system could be 
built.

2.3.3   Effects of system introduction
The water level can be monitored remotely, and the 

status of gate opening and closing can be understood 
in real time. That allows for appropriate instructions 
to operators and more efficient work.

2.4   �Development of seafloor seismic and tsunami 
observation system using OFS 

2.4.1   Background of development
A seismic observation network is being set up, 

mainly by the Japan Meteorological Agency and the 
Ministry of Education, Culture, Sports, Science and 
Technology, and efforts are underway to use the data 
for disaster prevention and mitigation. However, 
most of the seismometers in the network are on land. 
The possibility of large-scale ocean trench earth-
quakes in areas such as Nankai, Tonankai, and off-
shore of Miyagi prefecture has been pointed out. 
Thus, there have been requests for a seafloor seismic 
and tsunami observation network for early detection 
of ocean trench earthquakes and the tsunamis that 
could accompany them. However, traditional seafloor 
seismic and tsunami observation systems are electri-
cal, so the repeaters and multiplexing equipment 
must be highly reliable. This makes the system com-
plex and expensive, which hinders progress in setting 
up such systems.

2.4.2   Overview of development
Our aim is to develop FBG-based accelerometers 

and tsunami sensors, which will provide high reli-
ability while greatly reducing costs. The system 
under development is made up of optical accelerom-
eters, optical tsunami monitors, and undersea optical 
cable laid on the seabed as well as sensing equipment 
(FBG analyzer), a control and processing calculator, 
and communications equipment set up in an observa-
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tion office on land. Information processed in the 
observation office is sent to a center via a network 
(Fig. 5). This system will not supply any power what-
soever to the sensors, and one strand of optical fiber 
can provide multiple sensors, allowing simultaneous 
sensing at distances of up to 100 km offshore.

We have already designed and constructed optical 
accelerometers and tsunami meters (Photo 4) and 
conducted various tests in the laboratory and at sea. 
Their results show that the system meets the target 
specifications. In July 2007, we began to install sen-
sors under the seafloor and conduct field trials involv-
ing long-term observation. This research is a con-
tracted development theme in the Collaborative 
Development of Innovative Seeds of the Japan Sci-
ence and Technology Agency (JST). The Real-time 
Earthquake Information Consortium provides leader-
ship and cooperation for this development.

3.   Future outlook

In the future, we plan to continue proposing solu-
tions and constructing systems that make use of the 
characteristics of optical fiber sensors. In this way, we 
hope to make people’s lives safer and more secure.
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