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Abstract: Sensing system to monitor natural disasters
faces much hard conditions. Natural disaster occurs
suddenly, and damages sensor system. Then, the sensor
system should be designed as distributed node network. In
addition to that, the network should have some characteristic
functions like self-recovery, autonomous operation and
effective data transmission in urgent. This paper describes
the construction of autonomous sensing node network to
recover the damage by landslide disaster and to transmit
urgent data effectively. By switching operation modes
autonomously, the sensing node network becomes robust
system to the loss/insert of sensing node and the dynamic
control of data transmission.
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1. INTRODUCTION

Recently, many natural disasters have occurred.
Resulted, several damages and also gave a significant
impact to Japan economic and global financial. In
conjunction, there would be several countermeasure and
system enhancement to mitigate the same loss in the future.
This paper discusses the development of sensing node
network system (SNNS) in detection of landslide.
Miniaturized sensor nodes are deployed to operate
autonomously in unattended environments. In addition to
the ability to probe its surroundings, each node is installed
with an embedded radio modem for communication within
relay nodes to a host monitor. Nodes also programmed to
independently control various function autonomously.
Ability to re-construct the network and operate by switching
the operation mode autonomously made SNNS a robust
system with a dynamic control of data transmission.

2. SNNS STRUCTURE

2.1 Sensing Node Structure

System configuration used for sensing node is shown in
Fig.1. Sensing node consists of wireless unit, sensors, GPS
and control board. Sensors installed in the system are
acceleration sensor and temperature sensor. As for control
system, SH3-DSP board is used.
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Fig.1 Structure of Sensing Node
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Fig.2 shows sensing node prototype, Table 1 shows
specification of node control board. It is experimenting
using this equipment.

Fig.2 Prototype of Sensing Node



Table.1 Specification of node control board

CPU 32bit RISC processor
Clock Maximum 200Mhz
Memory Flash 4MB, cache SRAM 16kB
Port 8hit DIO 8 ports, Serial 3 ports
\oltage 3.3V
Power 0.683W
AD Converter Input:8 channels (0 -3.6V)
Resolution:10bits
Conversion time:16s
DA Converter Output:2 channels(0-3.6V)
Resolution:8bits
Conversion time:10s

2.2 Network Structure
SNNS is constructed from two main systems. (Fig.3)

They are host system and local network system, which is
consist of top node, and many local nodes.
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Fig.3 Overview of Landslide Monitoring by SNNS

The host system is a system to manage the state of the
sensing node at the remote location. Top node can be sent to
the data of each node in the smartphone by the use of
Bluetooth.

This system builds a system that can be managed from a
distance by the host system to send and receive e-mail that
contains the data from smartphone. (Mail Mode) The data
can be managed directly to the top node connected directly
to the host system. (Direct Connection Mode)

GPS

Fig.4 Overview of Local Sensing Node Network System

In the other hands, local network system communicates
with short distance wireless unit, transmitting analyzed data
from local nodes to top node directly or in multi-hop path.

Fig4. Show local network system communications. Top
node is the only node that communicates directly to the host
system; relay the data from local nodes to the host system.
Hence, top node is installed at a position with the lowest
possibility of slop failure and has stable communication
with the host system. If slope failure is detected, related
node will change to emergency mode and sent emergency
alarm in high frequency to host node, while other nodes will
be in low mode (idle) giving priority to emergency node for
data transmission.

SNNS network construction and operation execute
autonomously by local nodes. In  SNNS, network
communication use tree-mesh network to allow
communication in various route.

Fig.5 shows Bluetooth Module. This module is used for
communication of a top node and a smartphone. Table.2
shows Bluetooth the spec. of this module.

Fig.5 Bluetooth Module

Table.2 Specification of Bluetooth module

\ersion 2.1 (Backwards-compatible)
size 13.4 x 25.8 x 2 (mm)

Baud rate speeds 1200bps up to 921Kbps
Power 30mA connected

Wireless Path Length About 100m

Frequency 2,402-2480 MHz

Small electric power consuming wireless modem (MU-1)
is use in this system for the communication between sensing
nodes. Fig.6 shows MU-1. Table.3 shows the spec. of this
module.

(10mm depth)

Interface Port

Fig.6 Wireless Communication Unit (MU-1)



Table.3 Specification of wireless communication unit

Communication Protocol

Simplex (9600bps)

Frequency 1216.0375 - 1216.4875 MHz
1252.0375 — 1252.4875 MHz

Transmission output 10mwW

Supply Voltage 3.0-50V

Consumption Current

Transmission: 60mA
Reception: 35mA

Operation -15-+60 °C
Temperature Ranges

Size 50 X 30 x 9 (mm)
Weight 2359

3. OPERATION MODE

Fig.7 shows mode operation of local sensing network
system.
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The local sensing node network has characteristic
operation modes.

In Normal mode, to monitor the indication of occurrence
of landslide, the sensing node measures a signal and stores
the measuring data in common among surrounding sensing
nodes. In normal mode, there are three kinds of roles;

1) Waiting a command for data request,
2)Measuring data by mounted sensors,
3) Transmission of measuring data.

Additionally, the normal mode insert new sensing node in
the local network to expand the monitoring area and to
supplement a lack of sensing node. Fig.5 shows data flow in
normal mode.

Emergency Mode is the mode to transmit measuring data
urgently in local network when a sensing node discovers an
indication of landslide disaster and senses the occurrence.

In a host system, routing table creation is performed into
Network Initialization.

Routing table is sending position information and the
channel information of the node first installed in the mesh
type to a host system, and is generating a course.

The HOP number of networks is used for creation of
routing table, and when it is the same HOP number, the
direction to which it came for the host system previously has
priority, and is creation.

4. HOST SYSTEM

Host system is a system to manage the state of the sensing
node at the remote location.

To the host system has Host Monitor that can check the
status of each node; we can check the status of the send and
receive data. To make use of this monitor, we can be viewed
on each node; measuring data, network topology, frequency,
communication, buffer log, node status and send command.

In order to create routing table, host system is collected
channel information from sensing nodes. The data of a red
within the limit of Fig. 8 expresses collected data.
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Fig.8 Data transmission and reception of a Host System

After routing table creation can obtain data needed by
transmitting a command. Data can be obtained by
transmitting, after choosing each item, as shown in Fig.9.
The node number which wants to acquire data is chosen.
Next, data to acquire from the GPS data (time, latitude,
longitude, elevation, satellites number, PDOP, ground speed,
2DRMS) is chosen. Next, the acceleration data (each angle
and raw data of the X-axis, the Y-axis, and the Z-axis, power
specter) and temperature sensor data are chosen. Data
needed is replied from a node by transmitting.
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Fig.9 Command transmission of a Host System

Fig.10 shows network topology of a host system. The
information on a position of a top node is inputted
beforehand. The sensing nodes obtain the GPS information.
The position of the sensing nodes arranged, respectively can
be displayed on a map from there. The mode of sensing
nodes can be checked.
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Fig.10 Network Topology of a Host System

Fig.11 shows communication log of a host system. In this
tab, the situation of various communications can be checked
as alog.

. e Wi £
Fin Bt Senie

L

Mearreg Tene

r”"m"m\ |zo12nsmwﬁus4z 00:04:29

| NodeSaa |

I honsemt.
[ROR=1 DF2{001.<005 | DOI2AD03S0=143
peDR=24856) 420E1 3557 90037150438
tDl’HDﬂ!? C()HUC(K | POCZONO3S0=149
0282[001<002-1 POOIONDOZS0=265
['OF-1 Cacefoor <0oe-t D0C30N0350=149
73

8_

Ora?] o
peOR=21882 D 210004
(DR=25802) (mnﬁ mn mns ?bnnk«mneac 069

DR=1 D22 vnu’u
]:-)cﬁnmosm |‘-1
J0cs?

DR=21827)
L DI 25053 001 < DU D0s<00f - DASNDORD=058
PDR=21#82 (001 <002<005~2 00SINIOES0=059
+DR=10¢82(001 <0021 JD00S0NC0250=055
WDF=1 D#82[001 <0031 1I00SO0MND03S0=152

] 062MI04S

= 3<005<
LDR=21 882001 <00G<005-2 100
peOR=10#82[001 <003-1 I00TOMI03S0=153
[#DR=21882(001 <002<004-2 D0072NI04S0=1 74

H+DR=1 D#82[001 <0031 0030ME0350=152

Fig.11 Communication Log of a Host System

5. EVALUATION FOR NETWORK
SYSTEM

In order to check relation of a network, it experimented
outside. As shown in a Fig.12, the host node and the sensing
node were installed. After routing table created, it tried to
receive acquisition data by transmitting a command.

Fig.12 Sensing Nodes arrangement plan

Fig.12 shows sensing nodes arranged around the
building A and B. H means the top node. Data is collected
for routing table creation.
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Fig.13 Data obtained in the experiment

Fig.13 shows the data of an experiment. It turns out
that the data demanded in this way is directly sent to a top
node. "Route" has transmitted data to the top node (001)
from which node. AX, AY, AZ of "Data" expresses the
angle. By checking this data, the state of a sensing node can
be known now.
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Fig.14 Receive data of a Host System

Fig. 14 shows the data received in the experiment. The
data of red underline parts received by command
transmission. The other data is the channel information for
creating routing table. By checking this data, the state of a
sensing node can be known now.

The green underline part of data shows the course of data
from the node No. 6. When two or more routes exist from
this result, data will be transmitted by a shortest path.

Fig.15 shows the route of the data from sensing node
number 6. Route a is sent to the top node via 5. Route b is
sent to the top node via 5 and 2. Route ¢ is sent to the top
node via 3 and 2.
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Fig.15 The route of the data from No. 6

A host system creates routing table from this data.
Many routes exist. The optimal route selection is
performed. The optimal thing for which route selection is
made becomes the most important.
Thus, many data paths exist. It turns out that it is most
important to make a course setup the optimal.

6. CONCLUSION

In this paper, an autonomous monitoring system by
using local sensing node network has been proposed. It has
shown that the sensing node network has some characteristic
functions like node self-recovery, flexible node arrangement
and effective data transmission at disaster.

REFERENCES

[1] Information-Communication System of Disasters
Prevention Association, “Information —
Communication System of Disasters Prevention”,
Sankaido, pp.1-73, 2003

[2] Kyoto University Disasters Prevention laboratory,
“Foundation Disaster”, Sankaido, pp.9-21, 2003.



(3]
[4]

[5]

[6]

[7]

8]

[9]

A.Takei, “Landslide, collapse, mudslide - Prediction
and Measure - “, Kashima publishing, pp.65-77, 1980.
Government of Japan, “Japan's Natural Disaster Early
Warning Systems and International Cooperative
Efforts”, Early Warning Sub-Committee  of
International Cooperation for Disaster Reduction,
March 2006

J. B. Andersen, T. S. Rappaport, and S. Yoshida,
“Propagation measurement and models for wireless
communications channels,” IEEE Commun. Mag., vol.
33, pp. 42-49, 1995.

Rahman, F.; Kumar, A.; Nagendra, G.; Gupta, G.S,,
“Network approach for physiological parameters
measurement”, IEEE Transactions on Instrumentation
and Measurement, VVol.54, pp. 337 - 346, 2005.
Yie-Ruey Chen, “The Application of Remote Sensing
Technology to the Interpretation of Land Use for
Rainfall-Induced Landslides Based on Genetic
Algorithms and Artificial Neural Networks”, pg:
87~95, IEEE Journal of Selected Topics in Applied
Earth Observation and Remote Sensing, Vol.2, No.2,
June 2009

Yie-Ruey Chen, “The Application of Remote Sensing
Technology to the Interpretation of Land Use for
Rainfall-Induced Landslides Based on Genetic
Algorithms and Artificial Neural Networks”, pg:
87~95, IEEE Journal of Selected Topics in Applied
Earth Observation and Remote Sensing, Vol.2, No.2,
June 2009

Yie-Ruey Chen, “The Application of Remote Sensing
Technology to the Interpretation of Land Use for
Rainfall-Induced Landslides Based on Genetic
Algorithms and Artificial Neural Networks”, pg:
87~95, IEEE Journal of Selected Topics in Applied
Earth Observation and Remote Sensing, Vol.2, No.2,
June 2009



