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Abstract. We believe it is extremely important to quickly communicate information — on matters such as the extent of the damage and the safety of affected
persons — when a large-scale earthquake or other disaster occurs. However, if
electric power is lost, communication will be impossible with existing information networks. For this reason, we have built an Ad-Hoc network in Shiojiri City
enabling communication even if electric power is lost due to a large-scale disaster. Using this Ad-Hoc network, we are building a sensor network to forecast
landslide disasters. Among the various sensors installed to the sensor terminals,
this paper reports in particular on observation results with EC sensors.
Keywords: Ad-hoc Network, Sensor Network, EC Sensor, Landslide Hazard
Prediction.

1

Introduction

At times of disasters, such as earthquakes, it is necessary for local governments to
respond to the disaster and to communicate a variety of information (a proper understanding of the disaster situation, information communication to disaster victims,
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confirmation of the safety of the citizens, etc.) in real time. This means an information
network that allows for the real-time communication of information is required.
However, in the cases of Mid Niigata Prefecture Earthquake in 2004 and the 2011 off
the Pacific coast of Tohoku Earthquake, the disaster situation caused the electricity that
was the foundation of that network to fail, resulting in the network being cut off.
Because of the information network being cut off, there were many cases of necessary information not reaching the necessary locations. Furthermore, in the case of
the Tohoku Earthquake, the tsunami even caused the network infrastructure itself to
collapse. Because of this backgrounds, we developed an Ad-Hoc network with high
fault-tolerance [1-8]. This Ad-Hoc network was established all across the urban area of
Shiojiri City, and started operating in 2008. In Shiojiri City, the Children Trackinng
System [1-8] and Bus Location System [9] were introduced and utilized as daily-life
applications that use this Ad-Hoc network.
On the other hand, localized torrential downpours are causing landslide disasters and
causing a lot of damage all over Japan. Heretofore, however, the detection of landslide
disasters has basically only been used to detect the actual occurrence of landslide
disasters, but it is not sufficient for forecasting them. This is why we are now researching and developing a sensor network with the purpose of forecasting landslide
disasters as an application that uses the Ad-Hoc network that is being used in Shiojiri
City [10]. For this research, we devised a system that uses sensor terminals with EC
sensors to measure the volume of water inside the soil, then send the data via the existing Ad-Hoc network. This enables us to collects the necessary information for predicting landslide disasters. In this paper, we will touch on the establishment status of
landslide disaster sensor terminals and on packet loss rate of this sensor network.

2

The Purpose of the Sensor Network

In recent years, landslide disasters caused by localized torrential downpours have been
occurring all over Japan. The detection method for landslide disasters that is currently
the most common basically only detects the actual occurrence of landslide disasters.
However, in order to minimize disaster damage, we considered it necessary for local
government to provide landslide disaster forecasts to the citizens. Keeping this in mind,
the purpose of the landslide disaster network that we are aiming for is not detection, but
forecasting. This is why we placed the sensor terminals. The sensor terminals measure
the volume of water inside the soil at that location and then send that value to the server.
Then, the prediction system that is implemented in the server uses the values it received
from many servers to predict the slope failure of a mountain.

3

Tasks in the Sensor Network

In order to perform the forecasting of landslide disasters, we considered it necessary to
place sensor terminals with numerous sensors in a mountainous area and to establish a
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network system that sends the soil water content to the server in real time. The sensor
terminals need to fulfill the following conditions:
• 1 sensor terminal must measure multiple depths regularly and send them to the
Ad-Hoc network.
• In order to facilitate placement, the sensor terminal must operate on dry cells and
remain buried for 3 years.
• Considering that multiple terminals have to be placed, each terminal must be inexpensive.
Considering this, the tasks that we face in the research and development of a landslide
disaster sensor network can be organized as follows:
(1)

Development of a sensor with long operating life for measuring soil water content.
(1-1) Must consume little electricity.
(1-2) Must be able to measure stable values while being buried for a long time.
(2) Development of stable data transmission technology from inside mountains.
(2-1) Wireless installations placed on the surface of mountains must be able to send
packets to the relay device even when covered in grass and trees.
(2-2) Development of a protocol that enables sensors that are placed along mountain
ridges and ravines to transmit stable data.
Regarding the above tasks, (1) will be explained in detail in 3.1 and (2) in 3.2.
3.1

Development of a Sensor with Long Operating Life for Measuring Soil
Water Content

The sensor network for forecasting landslide disasters that we are aiming for has to be
able to operate on a long-term basis. Therefore, the sensor network needs to fulfill the
following basic requirements (1-1) and (1-2).
(1-1) Must consume little electricity
Up until now, sensors that measure soil water content have utilized dielectric sensors
that make use of the fact that the dielectric constant is almost completely proportional
to the soil water content. Because the dielectric sensor needs to release an electrical
current in the soil that is to be measured, it uses a certain amount of electricity. The
power consumption of the average dielectric sensor is 3 V, 10 mA. Sensors that use this
kind of power cannot operate on a long-term basis.
(1-2) Must be able to measure stable values while being buried for a long time
Normally, when a sensor is buried in soil for a long time, the measured values change
because of corrosion and drifting. However, the sensor network of this research requires to be buried on a long-term basis, so it poses the problem of necessitating
maintenance. This means that a sensor is required that allows for the output of stable
values even while being buried for a long time, without performing maintenance.
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Development of Stable Data Transmission Technology from Inside Mountains

Sensor terminals in the sensor network for forecasting landslide disasters will not be
placed in urban areas but in the mountains, where the transmission environment is not
good (changes in the natural situation or rugged mountains). In order to deliver stable
data from the mountains to the server, this sensor network needs to fulfill the following
requirements (2-1) and (2-2).
(2-1) Wireless installations placed on the surface of the mountains must be able to
send packets to the relay device even when covered in grass and trees
For ZigBee, which is widely used for sensor networks, a 2.4 GHz or 900 MHz zone is
used. However, in case of the high-frequency 2.4 GHz, communication may be destabilized due to the large amount of attenuation caused by being covered in plants and
trees that contain a lot of moisture. This means that it is necessary to construct the
sensor network through a wireless system, which allows for communication even when
the sensor terminal is covered in plants and trees.
(2-2) Development of a protocol that enables sensors that are placed along
mountain ridges and ravines to transmit stable data
In the case of wireless communication, even if the relay devices and each separate
terminal can detect each other’s carriers and communicate among one another, there is
still the hidden terminal problem of interference occurring because the terminals can’t
detect each other’s communication carriers. Especially in this sensor network, because
the terminals are placed on mountain ridges and ravines, hidden terminal problems are
expected to occur frequently between sensors due to the rise and fall of the landscape.
Therefore, a communication protocol that solves this problem is required.

4

Sensor Terminal Development and the On-Site Status of
Sensor Terminals in Shiojiri City

In 2011, we developed the sensor terminals that are able to transmit information using
the Ad-Hoc network that is widely used in Shiojiri City (Fig.1). In order to realize
research task (1) as indicated in chapter 3, we decided to use an EC(Electrical Conduction) sensor that conserves electricity and contains data for long-term use [11,12].
This sensor was developed by the Toyohashi University of Technology.
Normally in this kind of research, the moisture volume is measured using a dielectric sensor, but this doesn’t fulfill the requirement of low electricity consumption
stipulated in (1-1). This EC sensor was developed for agricultural purposes and is not
used for landslide disasters and such. However, we decided to use the EC sensor for this
research because there was sufficient basic data to deal with task (1) of this research.
Regarding task (2) of this research, we used the Ad-Hoc network established by
Shinshu University (Matsumoto Campus) for testing purposes, to test the communication status at 950 MHz and 429 MHz. The results showed that communication of the
Ad-Hoc network at 950 MHz was obstructed by trees, and that it was considerably
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worse than communication at 429 MHz. So we decided to handle task (2-1) by ussing
communication at 429 MHzz.
We then placed this sen
nsor terminal together with a representative of Shiojiri C
City
after selecting a placement location
l
from the areas that are feared to have a high riskk of
landslide disasters. In the fo
ollowing paragraphs, we will touch on the on-site locatioons,
on-site status and the data trransmission timing of the sensor terminal.
4.1

Placement of the Seensor Terminals

We created 5 sensor termin
nal prototypes as shown in Fig.1, and placed them in the
mountains in the Ono area of
o Shiojiri City on May 15, 2012. The mountains of the O
Ono
area of Shiojiri City are an area that has a high risk of landslide disasters and this aarea
requires immediate attentio
on. Therefore, we decided that this area was extrem
mely
effective for the testing of a landslide disaster sensor network.
Fig.2 indicates the locaations where the 5 sensor terminal prototypes were placced.
Fig.3 and 4 show their on-ssite statuses. As shown in Fig.2, sensor terminal prototyypes
No. 1-3 were placed from the
t top of the mountain to the ridge, No. 4 was placed oon a
slope of the ridge and No. 5 was placed in a valley (No. 1-4 were placed on ridgelinnes,
No. 5 was placed on a troug
gh line). Sensor terminal prototypes No. 1-3 were placedd on
relatively gentle slopes (Fig
g.3), but No. 4 and 5 were placed on a steep slope of 40º
(Fig.4). The EC sensors weere buried at a depth of 30 cm, based on the results of a soil
boring test.

Fig. 1. A landslide disaster sensor terminal prototype
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Sensor terminal No.2
Sensor terminal No.1





Sensor terminal No.3
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Sensor terminal No.4
Sensor terminal No.5





Fig. 2. On-site locations of the sensor terminal prototypes in the Ono area of Shiojiri City

Fig. 3. A placed sensor terminal prototype (Prototype No. 3)
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Fig. 4. On-site status of a sensor terminal prototype (Prototype No. 5, The picture was taken at a
horizontal angle)

4.2

Data Transmission from the Sensor Terminal

The sensor terminal prototypes that were made for this research contain 2 definitions
for the timing at which the measured EC values are transmitted. Which of the two
definitions is used depends on the EC value that is measured by each individual sensor
terminal.
(A)
(B)

If the EC values are less than 0.1 mS/cm, the data for the EC values etc. are sent
periodically each hour.
If the EC values are 0.1 mS/cm or above, the data for the EC values etc. are sent
periodically every 10 minutes.

(A) assumes a situation with little to no rain. (B) assumes torrential rainfall. When an
amount of rain falls that could lead to landslide disasters, it is necessary to send more
detailed information in order for the local government to provide adequate evacuation
instructions. Therefore, in case of heavy rainfall or, in other words, when a high EC
value is detected by the sensor terminals, the sensor terminals won’t send information
once per hour, but they will send EC values every 10 minutes to ensure larger particle
sizes.
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Packet Loss Rate and Evaluation

In order to forecast landslide disasters in the mountains of Shiojiri City, we constructed
a sensor network that gathers information from sensor terminals using the Ad-Hoc
network. In this chapter, we will evaluate the packet loss rate of the sensor network, we
will mention our response to research task (2) outlined in chapter 3, and we will take
note of future tasks as well.
In order to perform a proper forecast of landslide disasters in the sensor network,
the loss rate of packet containing data acquired sensor terminals must be as low as
possible. Fig.5 shows the packet loss rate of the sensor network from July to early
October 2012. The loss rates were aggregated every week.
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Fig. 5. Sensor network packet loss rate (June 20 - October 5 2012)

The loss rate is calculated while keeping the following points in mind.
• The total amount of the packet that is generated during data transmission is counted
on the assumption data is transmitted every 10 minutes for EC values of over 0.1
mS/cm, or every hour for EC values below 0.1 mS/cm
• Sensor terminals that are not operative due to malfunction or battery problems are
not taken into the equation.
• If the EC value data transmission communication from 1 sensor is received and sent
to the server by multiple relay stations, this will be regarded as overlapping data,
which will not be counted (identical data deduplication)
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The sensor terminals send out data at regular intervals of 10 minutes or 1 hour, depending on the EC values. This
T means that data loss can be confirmed by comparing the
EC values and the time diffference of the packet that was sent last. Furthermore, siince
the sensor terminals that haave currently been set are prototypes, any problems durring
operation (malfunctions, baattery damage etc.) are excluded from the sensor netw
work
loss calculation. If the pack
ket from a sensor terminal in the Ad-Hoc network thaat is
currently being used in Shiiojiri City is received by multiple relay stations, the paccket
will be sent to a server as seeparate packets. The duplicate packets that arrive in this w
way
are recorded as multiple arrrival packets, but these were regarded as the same sinngle
packet. This is how the losss rate was calculated.
As can be understood from the loss rate in Fig.5, some of the sensor terminnals
experience a sudden protrusion in loss. However, the loss rate is 2.5% for sensor terminal No. 5 in the week of July
J 16 2012 and 3.5% for sensor terminal No. 1 in the w
week
of September 3 2012. Judgin
ng by this, we have concluded that, even if this value is at its
worst, there is still no problem in the actual use of the terminals. Fig.6 shows the staatus
of sensor terminal No. 5 on
n October 6 2012. This sensor terminal is thinly surrounded
by low-growing plants, but with this kind of vegetation, the loss rate will not be m
more
than what is indicated in Fig
g.5.

Fig. 6. Status of sensor terminal
t
prototype No. 5 (Picture taken on October 6 2012)
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Also, loss rates due to the change in seasons (i.e. changes in vegetation) are almost
double for the weeks from July 9 – July 23 2012, the week of August 27 2012 and the
week of September 24 2012. However, even in this case, the loss rate is below 1.5%, so
we have concluded that there are few problems with the practical use of these terminals.
Judging by the above, we can summarize our observations regarding the research
tasks (2-1) and (2-2) from chapter 3 in the following way:
(2) Development of stable data transmission technology from inside mountains.
(2-1) Wireless installations placed on the surface of mountains must be able to send
packets to the relay device even when covered in grass and trees.
For this operation test, we performed communication using 429 MHz. And,
excluding problems with the sensor terminal itself, the loss rate turned out to be
below 3.5% at its worst and less than 1% almost all of the time. We also used the
Ad-Hoc network of Shinshu University, Matsumoto Campus to examine the
communication status when using 950 MHz. The results showed that the communication status became unstable at 950 MHz due to the trees. This effect was
not seen for 429 MHz.
(2-2) Development of a protocol that enables sensors that are placed along mountain
ridges and ravines to transmit stable data.
We used 5 sensor terminals for this operation test. We confirmed that these 5
sensor terminals have no communication problems even with the communication
protocols that we developed so far. However, in order to accomplish our research
goal, we need to place multiple sensor terminals. This is why we are currently
assuming the use of multiple sensor terminals, and performing simulation tests in
order to develop the ideal communication protocol.
The loss rate of this operation test did not yield any issues that could turn into major
problems in the on-site of the sensor terminals. Therefore, we expect to be able to
resolve research task (2) from chapter 3 by using radio communication of 429MHz.
However, since there was not enough diversity in the observation period and on-site
environment, we will continue our research with the following points in mind.
1. Data collection throughout the year (data collection will also be performed annually)
2. Checking the vegetation situation and placing the sensor terminals in a varied vegetation environment (investigating the automation of vegetation data collection at
the on-site location)
3. Examining the effect of placing even more sensor terminals over a wider area
Especially point 3 is an extremely important task for the Ad-Hoc network when placing
a large number of inexpensive sensor terminals, which is one of the goals of this research. Contrary to the urban areas where the Ad-Hoc network has been used so far,
there are elevation differences on ridge lines and trough lines, meaning that the level of
exposure/concealment of the sensor terminals and relay stations becomes more complicated. At present, having constructed this communication model, we are using
simulations to gain an understanding of the effects in advance in order to develop the
ideal communication protocol [10].
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Summary and Future Goals

We have discussed the construction of a sensor network aimed at forecasting landslide
disasters. We have researched and developed an Ad-Hoc network with high
fault-tolerance which we constructed and applied in the wide urban area of Shiojiri
City. And now we are researching a landslide disaster sensor network as an application
of this Ad-Hoc network.
Our research group contains landslide disaster experts and sensor experts who are
currently performing analysis regarding the relation between EC values and disaster
prediction, the theme of this research.
In 2011, we created sensor terminals for establishing a landslide disaster sensor
network, and with the cooperation of Shiojiri City, we placed the terminals in a
mountainous area in Shiojiri City that has a high risk of landslide disasters. Up until this
point, not every EC sensor on the sensor terminals has necessarily provided effective
values. However, it is expected that this problem can be solved by our research method
of placing multiple inexpensive sensor terminals. Furthermore, the calculation results
so far have shown that there is little to no loss of the sensor network. Of course, the
sensor terminals are still prototypes, so the tasks mentioned in 5.1 and 5.2 still remain.
However, by resolving these issues, it will be possible to create an adequate landslide
disaster forecasting system.
These sensor terminals possess many interfaces and can be mounted with a variety
of sensors other than EC sensors. The final goal of this research is to obtain effective
forecasts for landslide disasters and flood damage by using these sensor terminals to
obtain a variety of data, allowing not only for the measuring of soil water content, but
of the water level of rivers as well.
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