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Development of a WLAN Based Monitoring System for
Group Activity Measurement in Real-Time
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Abstract: In recent years, there has been a rise in epidemiolog-
ical evidence suggesting the health benefits of a physically active
lifestyle. However, it is not always easy for individuals to personally
recognize the optimal conditions for exercise and physical activity.
Wearable acceleration-based pedometers have become widely used
in estimating the amount of physical activity, and to a limited ex-
tent, providing information regarding exercise intensity, but they
have never been used to assess adaptation to exercise. In order to
realize simultaneous activity monitoring for multiple users exer-
cising outdoors, we developed a prototype wireless local area net-
work (WLAN) based system. In our system, a WLAN is deployed
outside, and a user wearing a smart phone and monitoring device
exercises freely within the coverage area of the wireless network.
By doing so, the developed system is able to monitor the activity of
each user and measures various parameters including those related
to exercise adaptation. In a demonstration experiment, the devel-
oped system was evaluated and used to monitor users enjoying a
Nordic walk, after which users were immediately able to receive
their exercise report. In this paper, we discuss the requirements
and issues in developing an activity monitoring system and report
the findings we obtained through the demonstration experiment.

Index Terms: Activity monitoring system, multiple simultaneous
monitoring, Nordic walking, outdoor wireless local area network.

I. INTRODUCTION

A lifestyle of fitness is becoming more important throughout
the world; many people enjoy jogging and walking as a daily
exercise to improve their health. In recent years, group exercise
activities have become more popular, and many people have es-
tablished groups to exercise together. Stabilizing exercise habits
is a key for health enhancement, and the measurement and visu-
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alization of the benefit of the exercise encourages more people to
start physical exercise. Consequently, the development of such
a measurement system is eagerly anticipated [1].

In light of this situation, we aimed to develop measurement
systems for supporting the stabilization of exercise habits. We
defined the following requirements for such a system.

1. The system can measure users exercising outdoors.
2. The system can measure multiple users simultaneously.
3. The system can summarize the measurement data and gen-

erate a report immediately after the exercise.
Since many daily exercises such as jogging and walking are out-
door exercises, it is natural that the measurement system should
work outdoors. As previously mentioned, some people enjoy ex-
ercising together in groups. In such group activity, providing
measurement results for all users in the group will be useful
for motivation. The measurement data give valuable feedback to
motivate users and is useful for instructors when advising stu-
dent users. Therefore, the measurement data should be provided
as soon as possible after the exercise.

In order to fulfill these requirements, the measurement sys-
tem should effectively utilize advanced networking technolo-
gies. These are vital for real-time measurement and can be used
to ease restrictions on the measurement environment. Even now,
the effect of exercise can be measured and evaluated in detail by
using dedicated laboratory equipment. However, it is not feasi-
ble to use such equipment for the purpose of stabilizing exer-
cise habits. On the other hand, cellular and smart phones with
accelerometeres are becoming popular as a kind of advanced
pedometer. These devices can send measurement data via 3G
cellular data communications, and thus real-time activity moni-
toring for outdoor user exercise is possible. However, this sys-
tem is not designed for monitoring group activity but for per-
sonal use only. When monitoring group activity, users receive
heterogeneous measurement results if they do not have identi-
cal devices. Additionally, since monitoring devices such as ac-
celerometers are integrated into the phone, the types of exercise
that can be measured are limited because new sensors cannot be
easily added to the phone.

Therefore, we assumed that a communication device and a
sensor should be separated for monitoring multiple users exer-
cising outdoors simultaneously. Based on this concept, we de-
veloped a prototype monitoring system using wireless local area
network (WLAN) and Bluetooth technologies. Fig. 1 illustrates
the overview of the developed system. A smart phone works as
the communication device for sending the data to the server via
WLAN, and the activity monitoring device, “Imoni” [2], serves
as the sensor. The smart phone and Imoni are communicated via
a Bluetooth connection. The separation of devices is useful for
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Fig. 1. Overview of activity monitoring system for Nordic walking.

Fig. 2. Industry-university cooperation framework for research and de-
velopment.

improving the flexibility of the system.
Using multiple WLAN access points, we can flexibly connect

the measurement environment in an outdoor location. Users can
freely exercise within the coverage of the access points and en-
joy the benefits of the measurement services.

Imoni can measure the stride length as well as other usual
measurements such as the number of steps taken and caloric
expenditure. Because a user’s stride length tends to slowly in-
crease with exercise rather than quickly in a short time, stride
length serves as a good metric for evaluating a user’s exercise
proficiency.

In order to validate the efficiency of the system, we conducted
a demonstration experiment with Nordic walking [3], a type of
fitness walking which uses specially designed walking poles1.
As one of the fastest growing recreational field sports in the
world, Nordic walking is an appropriate model for evaluating
the system.

This work was supported by the greater Sendai area knowl-
edge cluster initiative (GSAKCI) of the knowledge cluster ini-
tiative (2nd stage) [5]2 in Japan, and we developed the system
via industry-university cooperation as shown in Fig. 2.

The reminder of the paper is organized as follows. Section II
discusses the requirements for a real-time measurement system

1Nordic walking originally began as a way for cross-country skiers to train
during the summer in the early 1930s, and has grown in popularity since then as
an important training method.

2Knowledge cluster initiative (2nd stage) [4] has been implemented by the
Ministry of Education, Culture, Sports, and Technology Japan. The GSAKCI
aims to better understand the health of the region’s citizens and establish a health
service cluster in collaboration with industry, academia, and the government.

for group activity. In Section III, we describe the architecture
and characteristics of our system in detail. Section IV presents
an overview of the demonstration experiment and network con-
figuration used in the experiment. Section V gives the exper-
imental results and shows the validity of the system. Finally,
conclusions are drawn in Section VI.

II. REQUIREMENTS FOR THE MEASUREMENT
SYSTEM

We developed the requirements for the measurement system
according to advice received from an investigation with the
Japan Nordic Fitness Association (JNFA), which is a member
of the International Nordic Walking Federation (INWA) [3].

A. Measurement Environment

Since Nordic walking is an outdoor sport, the measurement
environment must be assumed to be outside. Moreover, Nordic
walkers enjoy exercising not only individually but also in a
group. Therefore, we summarize the requirements for the mea-
surement environment as follows.
• The measurement system can work under outdoor condi-

tions.
• The measurement system can monitor at least 10 exercisers

simultaneously.
In addition, minimization of user operation is also desired be-

cause groups of all ages can be users of this system.

B. Measurement Items

Using the advice we received from the JNFA, our system was
designed to measure the following items.
• Change in and total caloric expenditure,
• total number of steps,
• total walking distance,
• change in average stride length,
• change in average walking speed.
The caloric expenditure, number of steps, and walking dis-

tance provide meaningful information and typical pedometers
measure these items, which are useful for users to quantify their
exercise achievements. Stride length and walking speed are ap-
propriate parameters for estimating the proficiency in Nordic
walking because a proficient user can efficiently push his/her
body forward by using the poles, which increases these values.

The innovation of our system is the measurement of stride
length, to the best of our knowledge, there are no simple system
that can measure stride length like ours. In existing systems for
measuring daily activities, stride length is not a measurement
item but a value input by a user to calculate walking distance. In
the commercial systems for training use, an additional dedicated
device is required for measuring stride length. Our system only
needs a single device for measuring all of the above-mentioned
items. Moreover, the measurement accuracy of the stride length
is the same or better than that of the existing systems for training
(see Appendix).

C. Providing Measurement Results

The requirements for providing measurement results are as
follows.
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(1) A user can receive the exercise results immediately after
the exercise.

(2) A user can check the current status of his/her progress dur-
ing the exercise.

(3) An instructor can check the current status of a user’s
progress during the exercise.

A user’s interest in the results peaks immediately after exer-
cise. However, the disadvantage of conventional systems is that
the system cannot output exercise reports on the same day be-
cause it takes time to retrieve the monitoring devices, read the
measurement data, and analyze it. Therefore, the most impor-
tant requirement is to give exercise reports to users immediately
after they finishing.

In addition, users will be motivated if they can check their
current status during the exercise. Instructors can also give ef-
fective advice to users in real-time according to their current
status.

III. REAL-TIME MEASUREMENT SYSTEM FOR
GROUP ACTIVITY

By using wireless links to gather measurement data, we devel-
oped a measurement system that realizes simultaneous activity
monitoring for multiple users exercising outside. The measure-
ment data are gathered through wireless links in real-time. Both
users and instructors can see the current status of their exercise
progress.

Fig. 3 depicts the architecture of the measurement system.
The smart phone serves as a relay point for the measurement
data; i.e., the measurement data from various monitoring de-
vices are aggregated to a smart phone. A monitoring device and
a smart phone are connected via Bluetooth, and a smart phone
sends the accumulated data to the server via WLAN.

In this architecture, a smart phone has considerably more re-
sources than the monitoring device; it is in charge of gather-
ing, storing, and processing the measurement data. As a result,
the requirements of each monitoring device can be reduced to
only measurement and short-range Bluetooth communication.
Consequently, monitoring devices can be simplified, and energy
consumption can be decreased. Moreover, the system can flex-
ibly adapt to changes and the addition of other monitoring de-
vices.

Since we focused on future expandability, we used a WLAN
system instead of 3G cellular data communication for transmit-
ting measurement data from the smart phone to the server. The
reasons are as follows.
• If we need to transmit data from the server to smart phones

(e.g., push notification) in the future, such transmission will
be realized by using the Internet standard.

• The bandwidth of WLAN is wider than that of 3G cellular
data communication, and the system provides scalability to
handle increases in the amount of measurement data in the
future.

A. Portable Measurement Set

The portable set consists of a smart phone and Imoni, which
is a motion-monitoring device that utilizes accelerometers and a
barometer.

Fig. 3. System architecture.

Fig. 4. Smart phone (left) and monitoring device “Imoni” (right).

Imoni was developed in the first stage of the knowledge clus-
ter initiative by I. T. Research Co., LTD. Imoni can automati-
cally classify ambulatory movements and can measure the walk-
ing speed, number of steps, and intensity of exercise based
on the classification results. In developing this measurement
system, we modified the measurement algorithm of Imoni for
Nordic walking and appended the Bluetooth module to Imoni.

We used the Nokia E61 smart phone. The operating system
for E61 is Symbian [6] and the application platform is S60
3rd edition [7]. E61 provides WLAN, Bluetooth, and 3G phone
functionalities.

B. Software of the Measurement System

B.1 Overview

The data collection server was implemented as a web appli-
cation server using Apache Tomcat and also works as a manager
of the entire measurement system. Considering the portability,
we implemented the software on a smart phone as a MIDlet,
which is a Java mobile information device profile (MIDP) [8]
application.

The server consolidates information about events, users,
smart phones, and Imoni devices. Fig. 5 shows a list of regis-
tered users. The system operator can add a new user or delete
a registered user through this screen. The operator can browse
through the personal exercise history for each user.
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Fig. 5. User list view in the developed system.

Fig. 6. Display on a smart phone.

Moreover, the server analyzes the measurement data received
from smart phones and generates a graph view that displays the
current exercise status in real-time. After the exercise, the server
outputs the exercise report summarizing the results. In this way,
the measurement system fulfills requirements (1) and (3) as de-
scribed in subsection II-C.

A smart phone not only sends measurement data to the server
via WLAN but also performs statistical processing of the mea-
surement data before showing it on the display as depicted in
Fig. 6. Users can find out the elapsed time, average stride length,
average velocity, caloric expenditure, total number of steps, and
total walking distance using this display. Thus, this display ful-
fills requirement (2) as described in subsection II-C.

Since the ”power” method Math.pow() is not supported in
Java ME, we have to use an approximation [9] for statistical
processing. The algorithm used for the approximate calculation
is the decay algorithm estimation because using it yielded the
least amount of error in the preliminary experiment.

B.2 Dynamic Bluetooth Pairing Between a Smart Phone and
Imoni Device

As previously mentioned, the communication device (i.e.,
smart phone) and monitoring device (i.e., Imoni) are separate.
Thus, we have to establish a one-to-one relationship between
the smart phone and Imoni to prevent confusion when simulta-
neously monitoring activity for multiple users. In addition, since
a Bluetooth pairing must be created between these devices, the

Fig. 7. Pairing between a smart phone and Imoni.

pairing operation should be simplified as much as possible.
If we focus on only keeping a one-to-one relationship be-

tween devices, the simplest solution is that the system opera-
tor defines the static pairs of devices and keeps one of the pairs
close to the other. However, this approach is not scalable against
the number of portable sets, and the overhead cost for the oper-
ator is unacceptable if several types of monitoring devices are
introduced. Human error with regard to Bluetooth pairing must
also be considered as an additional factor complicating device
management.

To address these issues, we implemented the dynamic pair-
ing shown in Fig. 7. In this system, a user operates a smart
phone in order to login to the server and download his/her per-
sonal data (e.g., sex, age, height, and weight) to the smart phone
(Fig. 7(1)). At that time, the server checks the table for manag-
ing the usage of Imoni and gives the smart phone the Bluetooth
device (BD) address of an unused Imoni with the requested per-
sonal data (Fig. 7(2)). The smart phone then automatically es-
tablishes a Bluetooth pairing to the device with BD addresses
given to it from the server (Fig. 7(3)).

This approach alleviates the significant burden of managing
each smart phone and Imoni pair since the latter are governed
by the server. In addition, a user does not need to conduct the
pairing explicitly because the pairing operation is automatically
done. In particular, this is good for users who are unfamiliar with
information communication techologiy (ICT) devices, and will
encourage more users to participate.

B.3 Transferring Measurement Data

In this system, we use well-proven Internet standards instead
of an original protocol.

Transmission control protocol (TCP) and user datagram pro-
tocol (UDP) are the standard protocols for the transport layer in
the TCP/IP protocol suite. TCP provides reliable transport, and
UDP is often used for real-time applications. This system sup-
ports both TCP and UDP, and we can select either of them. Since
the measurement data are gathered via lossy wireless links, we
used reliable TCP in the demonstration experiments unless oth-
erwise specified.

Application layer protocols that use TCP and UDP are sim-
ple object access protocol (SOAP)/hypertext transfer protocol
(HTTP) and Syslog, respectively. SOAP/HTTP is used for trans-
mitting extensible markup language (XML)-based messages
and goes well together with web applications. Syslog is widely
used for transmitting log information for management purposes,
and free-format data can be included in the payload of the Sys-
log message. Both SOAP/HTTP and Syslog have flexibility for
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Fig. 8. Simplified map of the course and access point locations.

Table 1. Equipments used for the experiment.

Equipments Model number

WLAN access point ICOM SB-510EA
Omni-directional antenna ICOM AH-151VR

Data collection server Dell Vostro 420 Desktop
Syslog server PDX Japan Mini-1R5U/S

PC used for browsing
Acer TM5320-301G12exercise reports

Printer Canon PIXUS iP100, LK-62
Switching hub CentreCOM GS916XL
Switching hub ELECOM LAN-SW05P/PB
KVM switch ELECOM KVM-NVP4

data in the message payload, and thus we can adapt the system
to changes in the amount and type of measurement data. Since
there are privacy issues for the user information, the system pro-
vides secure socket layer (SSL) support to SOAP/HTTP/TCP
transmission and uses advanced encryption standard (AES) en-
cryption to secure the payload of Syslog/UDP transmissions.

IV. NETWORK ARCHITECTURE OF MEASUREMENT
SYSTEM IN THE DEMONSTRATION

EXPERIMENT

Fig. 8 illustrates the walking course where users walked.
There is a flat open space, steep slope, and small slope along
the course. The total length is 450 m, and participants walked
the entire course on a round trip. Hence, users walked about 1
km for a total time of about 10–15 min.

We deployed the network for the measurement system us-
ing the equipment listed in Table 1. The network topology is
illustrated in Fig. 9. As shown in the figure, the experimen-
tal network was composed of a data collection server, Syslog
server, several laptop PCs for browsing exercise reports, and
four WLAN access points (APs) (AP1–AP4 in Fig. 8). The four
APs are cascaded via a wireless link using the wireless distribu-
tion system (WDS) function; only AP1 is also connected to the
server segment via a wired local area network (LAN).

Table 2. Performance of a WLAN access point.

Results of
preliminary experiments

Maximum communication range 430 meters
between two access points (APs) (line-of-sight)
Maximum communication range

260 metersbetween an AP and
(line-of-sight)an smart phone (SP)

The number of terminals
20

that can connect to an AP

The wireless standard used was IEEE802.11g, and the same
wireless channel was used for all APs in order to enable wireless
interconnection between them. In addition, the wired equivalent
privacy (WEP) was used to secure the network with a 128-bit
WEP key due to the limitations of the Nokia E61.

In our preliminary experiments, we found the communication
performance of an AP to be as summarized in Table 2. In the
demonstration experiment taking into account various obstacles
on the course such as trees and road signs, we positioned the
APs to best meet these conditions. In Fig. 8, AP1–AP4 indicate
the location of each AP.

• The neighboring APs were located within half of the maxi-
mum communication range.

• Every smart phone on the walking course was within half
the coverage distance of any AP.

The maximum number of terminals for an AP was 20, and 10
terminals are recommended according to the manual. Therefore,
we limited the number of users measured simultaneously, to typ-
ically less than or equal to 10. Even when such limitations was
difficult, we limited the number of users to a maximum of 15.
Since the amount of data sent by one smart phone to the server is
around 2.7 kB, the total amount of data is around 40.5 kB (324
kb) data if 15 smart phones send data simultaneously. An IEEE
802.11g WLAN system has enough bandwidth for transmitting
this amount of data.

Note that neighbor APs within a two-hop distance (e.g., AP2
and AP4 in Fig. 8) can directly communicate if the radio condi-
tions are good. In such a case, a loop of APs is constructed and
causes a broadcast storm. In order to avoid the loop and broad-
cast storm, we enable the spanning tree protocol (STP) function
on every AP.

All APs are deployed on the roadside, and thus the power is
supplied with battery boxes made by a participant company. The
capacity of each battery is 12V 8Ah, which is enough for eight
hours continuous AP operation.

V. DEMONSTRATION EXPERIMENT AND RESULTS

The demonstration experiment was held as a part of a Nordic
walking event co-hosted by the JNFA [10] and the health, fun,
and fitness net [11] on 15 March 2009. In the demonstration ex-
periment, nine users measured their activities during the morn-
ing and 13 users did so during the afternoon. The measurement
time was around 10–15 min.
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Fig. 9. Network topology for the experiment.

A. Processing Time in Smart Phones

Fig. 10 depicts the percentage of processing time in smart
phones. As mentioned in subsection III-B.1, a smart phone
retrieves the measurement data from Imoni every minute and
sends the data to the server. Then, it peformes statistical process-
ing for displaying the current status of the exercise. As shown
in Fig. 10, the statistical processing accounted for more than
70% of the processing time. On the other hand, the time for data
transmission to the server was only one-eighth that of the statis-
tical processing.

We show the time distribution for the statistical processing
and data transmission in Fig. 11. In this figure, we see that 80%
of the transmission finished in 1 s and 95% finished within 3 s.
Although 85% of the statistical processing for the data over 1
min finished within 5–10 s, 15% required about 20 s due to the
load on the smart phone.

This suggests that statistical processing can become a bot-
tle neck for the system if the amount of measurement data is
increases with the addition of more monitoring devices. There
could be a risk that the statistical processing of 1 min worth
of data may require more than 1 min to process. On the other
hand, the performance of this experimental network is enough in
terms of both bandwidth and delay that the network can tolerate
the increase in data if the data were sent directly to the server
for processing.

Consequently, in order to improve system scalability, particu-
larly with less capable phones or with sensors that produce more
data, statistical processing should be offloaded to the server
where possible. In this configuration, smart phones focus on
passing data to the server, and after processing, the server re-
turns the data back to the smart phone.

B. Measurement Results of Exercise Data

Since one of the important requirements is to allow users to
check their data immediately after the exercise, we presented the
exercise report using laptop PCs and gave an explanation about
the exercise based on the report. After that, we provided a print-

Fig. 10. Percentage of processing time in smart phones.

Fig. 11. Distribution of processing time in smart phones.

out of the report to the users. This approach was received well
by both users and the event organizer, and we found that Nordic
walkers were very interested in the measurement data for them-
selves.

After the experiment, we handed out a questionnaire to sur-
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Fig. 12. Photo of the participants who check their exercise reports.

Fig. 13. A sample of exercise report

Table 3. Questionnaire result for “Did the measurement equipment

become an obstacle for your exercise?”.

Smart phone

Not at all 15
Rarely 1

Sometimes 1
Often 0

No answer 1

Imoni

Not at all 15
Rarely 1

Sometimes 1
Often 0

No answer 1

vey users for their opinions on the measurement system; there
were 18 respondents, and the results of the questionnaire are
summarized in Tables 3 and 4.

According to Table 3, the portable equipment used for mea-
suring the exercise was acceptable to almost all of the users.
Table 4 indicates that almost all users were interested in their
stride length and walking speed as we expected. The number
of users interested in caloric expenditure was less than that for
stride length and walking speed because of the short measure-
ment time.

Fig. 14 shows the questionnaire result about future needs of

Table 4. Questionnaire result for “Is the information in your exercise

report useful?”.

Stride length Speed Caloric expenditure

Useful 15 15 13
A little useful 1 1 4
Not so useful 1 1 0

Not useful 0 0 0
Did not see 0 0 0
No answer 1 1 1

Fig. 14. Questionnaire result for “How do you want to use this type of
service? (multiple answers allowed)”.

the measurement system. The activity monitoring for multiple
users like in this demonstration experiment almost meets the
needs of Nordic walkers. In addition, we found that there is a
demand for such a system for personal and daily use.

In addition, we received the following requests.
• I would like the ability to measure a longer time.
• I would like to know even more detailed data on my exer-

cise.
We will improve the monitoring device and measurement algo-
rithm in order to meet these requests.

The final goal of our project is to realize request below.
• I would like to know the difference between my results and

average data.
• I would like advice about the most appropriate way to exer-

cise based on my measurement results.
We will continue ahead with the research and development of
this measurement system toward this goal.

VI. CONCLUSION

In our research, we developed a measurement system for
monitoring multiple users exercising outdoors based on WLAN
and Bluetooth technologies. In order to show the validity of the
system, we conducted a demonstration experiment for Nordic
walking users in an event organized by the JNFA. The system
was received well by both users and the event organizer.

However, the system is still in the prototype phase, and we
are planning to improve the system by taking into account the
following issues that emerged during the demonstration.
• Consruction of body sensor network (BSN) for connecting

various types of sensors. This enriches measurement items
such as skill level, degree of fatigue, cardiac rate, and blood
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Table 5. Measurement results of Imoni and an existing product.

Distance
[m]

Avg. Average Error in
stride speed avg. stride

length [cm] [km/h] length

Imoni 787.5 81.4 5.23 3.33 %
Product 762.4 78.8 5.08 6.45 %
Actual

815.0 84.2 5.43 -
value

pressure by introducing additional sensors and analysis al-
gorithms.

• Reconsideration of role sharing between a server and smart
phones when handling huge amounts of various data.

• Modifying the system for personal use regarding the use of
3G wireless links and simplification of the system equip-
ment.

Moreover, the integration of the body sensor network and so-
cial networks should provide more intelligent and autonomous
applications [12]. Thus, we would like to provide the measure-
ment data to users via social networks in future work.

APPENDIX

In this Appendix, in order to show that Imoni can appropri-
ately estimate the stride length of users, we compare the mea-
surement data of Imoni with an existing commercial product
for training use. The commercial product requires a dedicated
sensor attached to the instep of a shoe for measuring the stride
length, and thus we measured the exercise of a subject wearing
both Imoni and the dedicated sensor.

The test course was an open space 163 m around. The sub-
ject traveled around the space five times, at the constant pace of
about nine steps per 5 s. The subject walked 815 m in 540 s and
the number of steps was 968. Based on these results, we calcu-
lated the actual value of the average stride length and average
walking speed.

Table 5 summarizes the measurement results of Imoni and the
existing product. As shown in Table 5, the measurement error
of both devices for the average stride length is less than 10%,
and both devices can precisely measure stride length. It should
be noted that the error of Imoni was less than that of the existing
product. Figs. 15 and 16 show the 5 s average value of the stride
length and walking velocity, respectively. In both figures, the
dotted straight line means the actual value.

As an overall trend, the existing product underestimated the
stride length and walking speed, but the line graph of Imoni
fluctuated around the actual value. Note that the stride length
and speed periodically drop for the line graph representing the
existing product. Each periodical drop means that the subject
stopped for a moment at the end of each lap. From these results,
we believe that Imoni has shown the ability to measure the stride
length more precisely when the subject walks at a constant pace.

REFERENCES
[1] K. Hashimoto, M. Terabe, and R. Nagatomi, “Health promotion by mon-

itoring physical exercise effects using biofeedback—promising research

Fig. 15. Stride measured with Imoni and the existing product.

Fig. 16. Velocity measured with Imoni and the existing product.

regions of the advanced lCT technology,” in Proc. CSWS on Inf. Commun.
Signal Process., Japan, Nov. 2008.

[2] Y. Ohtaki, M. Susumago, A. Suzuki, K. Sagawa, R. Nagatomi, and H.
Inooka, “Automatic classification of ambulatory movements and evalua-
tion of energy consumptions utilizing accelerometers and a barometer,”
Microsystem Technol., vol. 11, no. 8, pp. 1034–1040, Aug. 2005.

[3] International Nordic Walking Federation (INWA). [Online]. Available:
http://www.inwa-nordicwalking.com

[4] Cluster brochure. (2009). Ministry of Education, Culture, Sports, Sci-
ence and Technology. [Online]. Available: http://www.mext.go.jp/a men
u/kagaku/chiiki/cluster/1288448.htm

[5] Sendai cluster for advanced preventive-based community health—people
involved in the health service industries. [Online]. Available: http://sendai-
cyber.icr-eq.co.jp/english/index.html

[6] Symbian OS: The open mobile operating system. [Online]. Available:
http://www.symbian.com/Japan

[7] S60 Open to new features. [Online]. Available: http://www.s60.com
[8] JSR-000118 Mobile Information Device Profile 2.0. [Online]. Availalbe:

http://jcp.org/aboutJava/communityprocess/final/jsr118
[9] Creating a Java ME Math.pow() Method. [Online]. Available: http://today.j

ava.net/pub/a/today/2007/11/06/creating-java-me-math-pow-method.html
[10] Japan Nordic Fitness Association. Japan. [Online]. Available: http://jnfa.jp
[11] Japan. [Online]. Available: http://www.wakuwakugenki.net
[12] M. C. Domingo, “A context-aware service architecture for the integration

of body sensor networks and social networks through the IP multimedia
subsystem,” IEEE Commun. Mag., vol. 49, no. 1, pp. 102–108, Jan. 2011



94 JOURNAL OF COMMUNICATIONS AND NETWORKS, VOL. 13, NO. 2, APRIL 2011

Hiroshi Tsunoda received his B.E. degrees from the
Department of Information Engineering at Tohoku
University in 2000, the M.S. and Ph.D. degrees from
the Graduate School of Information Sciences at To-
hoku University in 2002 and 2005, respectively. From
April 2005 to March 2008 he was an assistant profes-
sor in the Graduate School of Information Sciences,
Tohoku University. He is now a Senior Assistant Pro-
fessor in the Department of Information and Com-
munication Engineering, Tohoku Institute of Technol-
ogy. His research interests include wireless network-

ing, network management, and network security. He is a Member of the IEICE,
IPSJ, and IEEE.

Hidehisa Nakayama received his B.E. degrees from
the Department of Information Engineering at Tohoku
University in 2000, the M.S. and Ph.D. degrees from
the Graduate School of Information Sciences (GSIS)
at Tohoku University in 2002 and 2005, respectively.
He joined the GSIS of Tohoku University as Assis-
tant Professor in 2005. He has been Senior Assistant
Professor in the Department of Electronics and Intelli-
gent Systems at Tohoku Institute of Technology since
2008. He has been engaged in research on intelligent
sensor technology, wireless mobile ad hoc network,

computer networking, character string analysis, pattern recognition, and image
processing. He is a member of IEEE Communications Society, the Institute of
Electronics, Information and Communication Engineers (IEICE), and the Infor-
mation Processing Society of Japan (IPSJ). He received the Paper Award for
Young Researcher of IPSJ Tohoku Chapter in 2000, the Best Paper of Pattern
Recognition Award in SCI 2003, the 8th Network System Award of IEICE Tech-
nical Committee on Network Systems in 2009, the 20th NEC TOKIN Contribu-
tion Award in 2010, and the Best Paper Award of IEEE GLOBECOM 2010.

Kohei Ohta received the M.S. and Ph.D. degrees from
the Graduate School of Information Sciences, Tohoku
University, Sendai, Japan, in 1995 and 1998, respec-
tively. He is currently R&D manager of Cyber So-
lutions Inc., Sendai, Japan. He has been engaged in
research on network and security management. He is
also a Researcher of Security Economics Laboratory
& Planning Group, IT Security Center, Information-
Technology, Promotion Agency (IPA), Japan.

Akihiro Suzuki received the M.S. degree from the
Graduate School of Information Sciences, Tohoku
University, Japan in 1995. Currently, he is working
toward the Ph.D. degree with the Graduate School of
Biomedical Engineering, Tohoku University. He es-
tablished I. T. Research Co., Ltd in 2000, and he is a
board member of the company. His research focuses
on a novel method of monitoring daily physical activ-
ity with a wearable sensor device.

Hiroki Nishiyama received his M.S. and Ph.D. in In-
formation Science from Tohoku University, Japan, in
2007 and 2008, respectively. He was a Research Fel-
low of the Japan Society for the Promotion of Sci-
ence (JSPS) until finishing his Ph.D, when he then
went on to become an Assistant Professor at the Grad-
uate School of Information Sciences at Tohoku Uni-
versity. He has received Best Paper Awards from
the IEEE Global Communications Conference 2010
(GLOBECOM 2010) as well as the 2009 IEEE In-
ternational Conference on Network Infrastructure and

Digital Content (IC-NIDC 2009). He was also a recipient of the 2009 FUNAI
Foundation’s Research Incentive Award for Information Technology. His active
areas of research include, traffic engineering, congestion control, satellite com-
munications, ad hoc and sensor networks, and network security. He is a Member
of the Institute of Electronics, Information and Communication Engineers (IE-
ICE) and an IEEE member.

Ryoichi Nagatomi received his M.D. and Ph.D from
the Graduate School of Medicine at Tohoku Univer-
sity in 1984 and 1994, respectively. He is currently
a Professor in the laboratory of Health & Sports Sci-
ence, Division of Biomedical Engineering for Health
and Welfare, Graduate School of Biomedical Engi-
neering of Tohoku University. His research interests
include physiological, kinesiological and epidemio-
logical assessment of human movement that con-
tributes to human health, as well as the mechanism
of skeletal muscle adaptation and repair. He is also

a Guest Professor of Division of Health Science, School of Public Health,
Jilin University, China. He is the President of Japanese Society of Exercise &
Immunology and is a Fellow Member of Japanese Society of Clinical Sports
Medicine and Japan Heart Club.

Kazuo Hashimoto was born in Tokyo in 1953. He re-
ceived his Ph.D. degree in Information Science from
Tohoku University in 2001. He is currently a professor
at the graduate school of information sciences of To-
hoku University, directing the theoretical and practical
study of web communication. He won the Incentive
Award from the Japanese Society for Artificial Intel-
ligence in 1999, the Best Paper Award in the field of
Artificial Intelligence from the Institute of Electronics,
Information and Communication Engineers in 2001,
and the achievement award from the Association of

Radio Industries and Businesses in 2002. He is a Member of IPSJ, IEICE, AAAI,
and IEEE.

Yuji Waizumi received his B.E., M.S. and Ph.D. de-
grees from Tohoku University in 1996, 1998, and
2001, respectively. Now he is an Associate Professor
with Graduate School of Information Sciences, To-
hoku University. He has been engaged in research on
computer networking, network security, pattern recog-
nition, and neural networks.

Glenn Mansfield Keeni received his Ph.D. in Logic
programming from Tohoku University, Japan. He is
currently President/CEO of Cyber Solutions Inc.
Sendai, Japan. His research interests include expert
systems, computer networks and their management,
security, etc. He is a Member of the ACM, IEEE Com-
puter Society and is an active Member of the IETF.

Yoshiaki Nemoto received his B.E., M.E., and Ph.D.
degrees from Tohoku University in 1968, 1979, and
1973, respectively. He was a Full Professor with the
Graduate School of Information Sciences until 2008.
Currently, he is serving as the Senior Vice President
of Tohoku University. He has been engaged in rese-
arch work on micro wave networks, communication
systems, computer network systems, image process-
ing, and handwritten character recognition. He is a co-
recipient of the 1982 Microwave Prize from the IEEE
MTT society, the 2005 Distinguished Contributions to

Satellite Communications award from IEEE Com-Soc society, FUNAI infor-
mation ScienceAward 2007 and several prestigious awards from Japanese Min-
istries. He is a Senior Member of IEEE, and a Fellow Member of IEICE and
IPSJ.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /Albertus-ExtraBold
    /Albertus-Medium
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Algerian
    /AmiR-HM
    /AntiqueOlive
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Apple-Chancery
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Candid
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /Chicago
    /Chiller-Regular
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Condensed-Bold
    /Clarendon-Light
    /Cmex10
    /Cmmi10
    /Cmr10
    /Cmsy10
    /ColonnaMT
    /CombiNumerals
    /CombiNumerals-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlack-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /Coronet
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldExtendedTwo
    /Eurostile-ExtendedTwo
    /ExpoM-HM
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSY--SURROGATE-0
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Gautami
    /Geneva
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /Goudy-Italic
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprM
    /H2gsrB
    /H2gtrE
    /H2gtrM
    /H2hdrM
    /H2mjrE
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2porM
    /H2sa1M
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HeadlineR-HM
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoeflerText-Black
    /HoeflerText-BlackItalic
    /HoeflerText-Italic
    /HoeflerText-Ornaments
    /HoeflerText-Regular
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYgprM
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYmjrE
    /HYmprL
    /HYnamB
    /HYnamL
    /HYnamM
    /HYporM
    /HYsanB
    /HYsnrL
    /HYsupB
    /HYsupM
    /HYtbrB
    /HYwulB
    /HYwulM
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Italic
    /LetterGothic-Slanted
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /Marigold
    /Math1
    /Math1-Bold
    /Math1Mono
    /Math1Mono-Bold
    /Math2
    /Math2-Bold
    /Math2Mono
    /Math2Mono-Bold
    /Math3
    /Math3Bold
    /Math3Mono
    /Math3Mono-Bold
    /Math4
    /Math4-Bold
    /Math4Mono
    /Math4Mono-Bold
    /Math5
    /Math5Bold
    /Math5Mono
    /Math5MonoBold
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MingLiU
    /Mistral
    /Modern-Regular
    /MoeumTR-HM
    /Monaco
    /MonaLisa-Recut
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MVBoli
    /NanumGothicCoding
    /NanumGothicCoding-Bold
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewGulim
    /NewYork
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-Italic
    /Oxford
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Ravie
    /ReboBold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /Stencil
    /Sylfaen
    /Symath
    /Symbol
    /SymbolMT
    /Taffy
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldItalic
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-CondensedBoldOblique
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-Medium
    /Univers-MediumItalic
    /Univers-Oblique
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YetR-HM
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


