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Abstract In this paper, we propose the technique of sensor
data mining by the peer-to-pecr (P2P) network. The mecha-
nism that it is possible to share on the P2P network is
considered by receiving information from the sensor by the
P2P application. A searching request for a sensor unit and
mining the sensor data occurs on the P2P application. We
applied the proposed technique to a school environment
measurement system. In this system, sensor units are
arranged on campus and a User can measure a room’s tem-
perature and humidity. The tempcrature sensor and the
humidity sensor are implemented in a microcomputer board
that can connect to the Internet, and we define the micro-
computer board as a sensor unit. We construct the P2P
sensor nctwork on which a PC accesses the sensor unit and
the P2P application on its PC uploads on the P2P network.
The P2P network can disclose sensor information after
morc¢ advanced processing is given by thinking as a P2P
application and not a sensor unit, but on the sensor unit and
the PC.
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1 Introduction

We can now obtain various data easily by using a high-
performance computer and the Internet. Data mining that
extracts significant knowledge from a large amount of data
has become popular. The technique for applying data
mining to text information such as a Web page has
developed recently, although data stored in databases was
largeted in normal data mining. On the Internet, various
time-series of data can be obtained. For instance, the image
data of the weather satellite and the data of various sensors
can be obtained. The feature of these data is continuous
data in the time-series. The tcchniques which applied
data mining from databases are used for time-series data,
but some techniques were improved for the time-series
data.

Digital measurements of the temperature and humidity,
etc.. become possible, and connecting the system that
acquired the measured data to the network becomes possi-
ble. However, there are many measurement systems which
are rich systems that use sensors on a PC, or which are
cheap microcomputer systems that need to construct a
special network for the sensor network. We propose the
sensor network system using a microcomputer board that
can conncct to the Internet. This proposed system can
acquire information from the sensor of the microcomputer
group arranged on the network, and can view collected
information on a Web browser.

In KES2006.' it was shown to be possible to construct
easily a microcomputer’s sensor network which was com-
bined with microcomputer modules (microcube) and the
database server and a Web application server. A system
that measured the room temperature on a school campus
was constructed. Tt has run for 4 months. and the effective-
ness is verified.

Ecopic™ research is similar to this research. Ecopic
research has aimed to construct an ecopic of a weather-
observing system that is easy for the user. Our proposed
system aims to improve the extendibility by using a micro-
cube that is a generality module.
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There is much research about MOTE, which is the
wireless sensor network platform, and middleware that
treats the sensor network as a database has also been
researched.*® A query processing system called TinyDB’
that runs on TinyOS.? which is a compact OS for wireless
sensor equipment (MOTE), was proposed. A lot of sensor
nodes are needed to construct the system, which covers the
entire university by the wircless sensor network. When the
system that covers the campus is constructed., it has a small
number of sensor nodes, and using the wired network at the
school becomes possible in the proposed system.

In this paper, we propose the technique of sensor data
mining by the peer-to-peer (P2P) network. The mechanism
that is possible to share on the P2P network is considered
by receiving information from the sensor by the P2P appli-
cation. A search request for a sensor unit and mining the
sensor data occurs on the P2P application. The advantage
of the P2P system is the scalability of the number of sensors.
It becomes possible to correspond to the change in the
number of sensors easily by constructing the sensor network
on the P2P network.

Section 2 describes the sensor module using the micro-
cube. Section 3 describes the composition of the sensor
network as a server—client system. We describe the instal-
lation of the microcube, the server, and the client, and the
technique of collecting and viewing data. Section 4 describes
the P2P sensor data mining system. In Sect. 5, we describe
construction of our proposed system, and discuss the prob-
lems of constructing a sensor network. Section 6 gives a
conclusion and describes future work.

2 Sensor module

In this section, we describe the proposed sensor module.

2.1 Outline of the microcube

The microcube is a board computer and is composed of
several stackable boards.”"° Figure 1 is a photo showing one
of the combinations of a stacked microcube. The specifica-
tions of the CPU and extension boards are summarized in
Table 1. It has a CPU board with a RENESAS H8 CPU
and a TCP/IP Protocol stack. Stackable boards can vary,
e.g.. an Ethernet LAN board, a compact flash board, a
PCMCIA board, a serial board (RS232C and RS422), and
so on (some boards are shown in Figs. 2 and 3). Since the
different combinations of stackable boards make a seamless
connection with the sensors, users can structure an ad hoc
sensor network very easily. To get sensor information
through the Internet, HTTP is also employed so that the
user can get data via a standard Web browser.

2.2 Instrumentation of the present system

The microcube used in the system to get information of the
room’s condition is composed of an H8/3069 CPU board, a

Fig. 2. CPU board

Table 1. Linc-up of the CPU and extension boards of the microcube

Board name  Features

H&/3048BV CPU board for battery operation

H8/3069 Same for general purposes (see Fig. 6)

HR8s/2638 Same for controller area network (CAN)

LAN Extension board for ethernet connection (see Fig. 6)

CF Same for compact flash slot

IDE Same for storage devices
ADIO Same for analog/digital IO
COM4 Same for 4-port serial interface

RF Same for wireless communication
PCMCIA Same for PCMCIA slot

LAN board, and a special scnsor board. The special sensor
board used is the board of the programming practice class
at Future University-Hakodate (the sensor board is shown
in Fig. 4). Future University-Hakodate has a practice pro-
gramming class with a microcomputer and assembler lan-
guage as “Media Architecture Practice II.” The special
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Fig. 4. Sensor board

board for the microcube was designed for its practice class.
The push switch, the thermally sensitive resistor (tempera-
ture sensor), and the CdS sensor (optical Sensor) were
attached on this board as input. Moreover, four seven-
segments LEDs and four twocolor LEDs were attached as
output. Because an accurate temperature measurement
using a thermally sensitive resistor is difficult, a digital
sensor is added to this board for our experiment. Humidity
can also be measured by this digital sensor. Only the tem-
perature data is acquired in this experiment. although some
sensors are attached on the board. The exchange and the
addition of the sensor can easily be done by exchanging the
sensor boards.

To confirm the measurement data easily, the measured
temperature was displayed in a seven-segment LED. More-
over, data can be got by HTTP through the network. When
only one sensor module runs, the user can display the
present temperature when the user accesses it using a Web
browser.
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Fig. 5. Network configuration

3 Network configuration

The sensor nctwork was constructed by using the micro-
computer described in Sect. 2. Figure 5 shows the composi-
tion of the sensor network system constructed. First of all,
we constructed the proposed sensor network system as a
server—client system.

The software used is shown in Table 2. The data store is
implemented by Perl, and the data display is implemented
by ISP.

The following steps show the collection of data and the
stored data display.

1. Data storage:
— the Perl script accesses the URL of the microcube;
— the microcube returns the measurement result by
HTML format;
— the HTML is parsed, and the necessary data are pre-
served in the database.
2. Data browse:
— the URL of the server is opened from a Weh
browser;
— the JSP accesses the database:
— the necessary data are acquired from the database:
— the result is processed in a graph and displayed on a
browser.

The microcube arranged in the school is connected with
the campus network (LAN). The data from each sensor
module are acquired with the server set up on the campus
network at regular intervals, and are stored in the database.
In this experiment, data are acquired from the sensor
module every 10min. The acquired data are processed with
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Table 2. Software used in the web database server

System Software

os Red Hat Linux release 9
HTTP Apache 2,0.40

Database PostgreSQL 73.2

Software codes Tomcat 5.0.28 and Perl 5.8.0

the Web application Scrver set up on the same server, and
can be displayed from a Web browser of a PC on the campus
network.

At first, the microcube is connected to the campus
network by arranging it in the router because the router
had not been exceeded in the LAN of the microcube. After-
wards, connecting the microcube to the campus network
even if we modified the program and the router was not
Set up became possible, so that the router was not
required.

4 P2P data mining system

In this paper. we Propose the technique of sensor data
mining by the peer-to-peer (P2P) network. The mechanism
that makes it possible to share on the P2P network is con-
sidered by receiving information from the sensor by the P2P
application. The searching request for a sensor unit and
mining the sensor data goes on the P2P application. The
advantage of the P2p system is the scalability of the number
of sensors. It becomes possible to react to a change in the
number of sensors easily by constructing the sensor network

is also possible to arrange a
Sensor units on the network. We constructed a P2P sensor
data mining System used a microcube as 3 Sensor unit and
a JXTA as a P2p platform.

JIXTA technology is a set of open protocols that enable
any connected device on the network, ranging from cej]
phones and wireless PDAs to PCs and Servers. to commu-
nicate and collaborate in a P2P manner. IXTA peers

Create a virtual network where any peer can Interact with
other pcers and fesources directly, even whep some of the

oS g A gl

are behind firewalls and network
(NATs), or on different network

pecrs and resources
address t(ranslations
transports.

The sensor data constructs a system that can also flexibly
i [ data by using the

a remote place can
easily be constructed by Constructing the system on the
Internet.

We constructed a p2p Sensor network using a P2P file-
sharing application. We developed a P2P file-sharing appli-
cation called “funny.”

We developed a P2p file-sharing application for the Unj.
versity. We aimed at distributing and sharing a necessary
file and material, without using the server as a System, that
it was possible 1o use at a lecture. We constructed the
network by using a pure-type P2P without using the server,
and aimed at an accuracy more than the server type. To
achieve this aim, we proposed these functions.

1. Construction of a pure-type P2P network only in the
environment of the lecture room.

2. File-sharing by many teacher and students,

3. Comparison verification by a hash value to keep a file of
any correspondence.

4. Load—balanciug 1o
network.

improve speed all over the

We developed the application with these functions hy
using JXTA. We €xXperimented to verify the system. We

First, we describe the certainty and the network band
management. The certainty cannot be completely guaran-
teed on the P2p network, but this P2p network is used in a
limited environment, We think that certainty can be guar-
anteed with one server or more (peer) in a limited environ-

transfer speed learns so that it may communicate at 3 high
speed. A peer with a low transmission ratc learns so that it
may communicate at a Jow Speed.

The file transmission request is preferentially chosen in
a peer with a high transfer speed. As a result, a smooth load
balance in the system becomes possible.

5 Experimental results

to development was about 1 week.
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Fig. 6. All data on one chart
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Fig. 7. Selected data on one chart

Some data display examples are shown in Figs. 6 and 7.
The displayed data can be switched to all or part of room.
The displayed range can be switched to a day, a week. a
month, or permanently. Figure 6 shows all data in one chart,
and Fig. 7 shows one item of data in one chart.

At first. the microcube was connected to the campus
network by arranging it in the router because the router had
not been exceeded in the LAN of the microcube, However,
data might not be able to be acquired normally in some
routers. Then connecting the microcube to the campus
network, even if we modified the program and the router
is not set up, became possible so that the router was
exceeded.

It took time to solve the problem when data was not
able to be acquired normally because the microcube was
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<?xml varsionz"1.01* encoding="Shift-JIS* 7>
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‘!DOCTYPE a!l SYSTEM “sensor. dtd* >
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Fig. 8. XML output

connected to the campus network. Then the problem was
considered in cooperation with Systems Engineer (SE) that
resided in school. For the router problem, we constructed
an environment, such as a dummy server with a PC-UNIX
server passing the router setting, bypassing the router
setting, and this resolved the problem while capturing the
information that flowed in the network.

We constructed a P2P file-sharing system as a P2P sensor
network by IXTA, which is called “funny.” We added func-
tions for JXTA, such as an MDS5 file check and up/down
speed autotuning. We did a file-sharing test on a PC using
more than 50 peers. The file-sharing could be done to
the teacher in the experiment by an actual lecture to
students.

We construct a P2P sensor network on which a PC
accesses the sensor unit and uploads data by P2P applica-
tion. We modified the sensor unit module to be able to
output XML format. One output example is shown in Fig.
8. A data-mining module is still being constructed. Because
data began to be collected. the temperature data are sched-
uled to be analyzed in the future.

6 Conclusion

We proposed the technique of sensor data mining by a P2P
for a sensor network System using a microcomputer board
that can connect to the Internet. This proposed system can
acquire information from the sensor of the microcomputer
group arranged on the network, and can view collected
information on a Web browser. Tt was shown to be possible
to construct the microcomputer’s sensor network, which is
a combined microcomputer module (microcube), and the
database server, and the Web application server. A system
that measured the room temperature in a school campus
was constructed. It has run for about 1 year, and the effec-
tiveness was verified. We also proposed a P2P sensor dala
mining system. Because data began o collect, the tempera-
ture data are scheduled to be analyzed in the future. In the
analysis of the data, it is thought that it will be possible to
refer to the technique of the multiagent base.”* and an
analytical technique of the analysis of fixed point observa-
tion data." We descusscd the P2P sensor data mining system
with microcomputers and JXTA.

An expanded system that acquires more different types
of sensor information will be constructed, and then the data
obtained are scheduled to be analyzed in the future. In
addition, we want to attach the IR 1/0 module on the
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microcomputer board, and to do research on ubiquitous 7.

computing of indoor environment controls.
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