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support system based on RFID

Abstract

GPS is popular to be used to construct a ser-
vice based on location. RFID attracts attention as
a useful device in similar application. SPEARS
WG of WIDE Project had already developed a sys-
tem[320], which uses RFID devices as a sensor of
human’s location. Purpose for this system is to
provide the service based on a user’s location in
a conference. In this system, the model in which
location of user is gathered and provided per each
user was adopted. This report describes several
areas of problems and improvements in our lat-
est implementation. The following functions were
implemented by the addition of a system called
“AreaD”: 1) provide a service tied with a loca-
tion, and 2) provides users’ communication ren-
dezvous service. These functions are able to add
to the existing system without altering the existing
model. This report describes a location-oriented

data processing model and applications.

3.1 Introduction and Background

Generally, ubiquitous computing means an

environment where computer resources are
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omnipresent. To realize this environment, follow-
ing two achievements are indispensable: One is
that connectivity to the Internet should be spread
widely. The other is that huge number of comput-
ers with network connectivity should exist any-
where. About the former, according to statis-
tics, it is said that broadband connectivity to
the home or office are almost realized. In 2003,
about 20% of household (about 9 million home)
in Japan has the broadband Internet connectivity.
The capacity for the broadband Internet connec-
tivity is about 74 million for home. The capacity
means the number of perpetrated facilities to con-
nect broadband Internet to a home at the Internet
service providers. Almost all offices already have
broadband connectivity (according to statistics of
Ministry of Telecommunications Japan).

In the latter case, although the portable com-
puter has spread by its miniaturization or low
pricing, it cannot be said that computer resources
exist at anyplace ubiquitously. Under such a sit-
uation, a non-contact identification technology
called RFID attracts attention. It is the technol-
ogy that computers can recognize non-networked
object and/or human by attached RFID. In
Auto-ID Center[8], such research and develop-
ment are doing in order to realize next-generation
supply chain management.

SPEARS WG of a WIDE Project started in
2001, is a research group aiming to provide ser-
vices based on users’ location in the real space.
With assumption that a user carries RFID, the
activity of this group is to propose the way to
abstract RFID readers and its event, developing
the techniques for managing data, and investigat-
ing applications. As an application example for
this technology, a conference support system was
developed and field tests were conducted.

We conducted a field trial at biannual meet-
ing of the WIDE project (WIDE Camp). There
are over 200 participants, and 4 or 5 parallel
meetings are held at the place. A system that
provides a user’s location information by using

WEB page was developed. This system stores



the location information where the RFID has
been identified and offers the information through
WEB interface. In the database, the profile of par-
ticipants is accumulated beforehand. The other
application detects a user standing in front of
the microphone and displays his or her profile on
a projector.

Section 3.2 of this report overviews activi-
ties, which were done by SPEARS WG, and its
assumptions. Section 3.3 proposes existing com-
munication or information model. Before design-
ing the system, we studied a model in which
information of user is gathered and provided per
each user. Section 3.4 describes AreaD design
and implementation. Section 3.5 introduces sam-
ple applications and results of field test. Sec-
tion 3.6 discusses issues and tentative solutions.

Section 3.7 concludes of this report.

3.2 Assumptions and Field Test

Several experimental tests were conducted in
advance of this research. WIDE SPEARS WG
operated these experiments. The main purpose of
SPEARS WG is to support user who participates
in a meeting or conference. These experiments
were carried out with the following assumptions.

A user carries RFID and communication equip-
ments, such as Laptop PC, and uses several ser-
vices on the computer. Services are regarded as
applications on the Internet. In addition to that,
information required for communication such as
user’s name, RFID, an e-mail address, etc. is reg-
istered beforehand.

First implementation was started at a field test
on 2001, which displays information which room
a user is located at. Concurrently, statistical data
was also acquired. The graph that displayed the
time-series number of the attendants for each con-
ference room is shown in Figure 3.1. It can be
recognized in this graph how many participants
were in each room.

This field test system consists of these three
parts. 1) Physical sensor parts set on the each

conference room. 2) Middle ware parts that
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worked somewhere. 3) Application server and
client on user’s computer. Figure 3.2 shows rela-
tions between these parts on the field test system.
1) Physical sensor part

Physical sensor part consists of a RF-Reader,
small computer and software on that computer.
Physical sensor parts placed at each conference
room and these sensors recognize each user in
that conference room. We use rf-code Spider
Reader[240] as RF-Reader and two small com-
puters. One is NEC Mobile Gear MC/R550[206]
and the other is Internet Node RS6[130]. Spider
Reader and two small computers tied each other
by serial cable. RF-Reader acquires user’s mov-
ing events and sends to small computers. Small
computer that receive the events, normalize and
send to middle ware part using UDP/IP.
2) Middleware part

Middle ware part controls each user’s location
information that changes dynamically and pro-
files that is used by communications on applica-
tions. Profile consists of static information. For
example, users name, e-mail address and chat

ID. In this field test, this middle ware part used
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PC that have CPU Pentium4/1.6 Ghz, Memory
256 Mbytes, HDD 20 GB, NIC Fast Ethernet, OS
FreeBSD 4.7-R. We will describe information
management model on the middle ware part at
section 3.3.
3) Application part

Application served two types of location search
service. One service key is user name and the
other key is conference room name. We used Web
server as application server and Web browser as

user interface.

3.3 Real Space Information Management

Models

This section discusses the information manage-
ment model for processing the real space informa-
tion on the Internet. In order to provide the ser-
vices based on a user’s existing location, it is nec-
essary to manage the real space information some-
where. Real space information means the infor-
mation that shows the state of objects, mainly the
location of objects, in the real space. For exam-
ple, it is the information in which room a certain
user is located.

Before having a discussion about a model, it
should be discussed what is the entity having the
information, how is its information. The real-
space information is the information tied with the
objects in physical space. Therefore, there are
two dimensions of real-space information. One is
the entity itself, the other is the status related
with the entity. To think with assumptions of this
report, the entity means user, the status means
user’s location.

Since many-to-many relationship is compli-
cated, management is serious. In the real-space,
certain man has relation with many places and
certain area has relation to many humans, Fig-
ure 3.3 shows two informational spaces. An entity
and its status are able to map to “User keyed
Space” and “Location keyed Space”.

We divided models using these spaces. One uses
User keyed Space, the other uses Location keyed

Space. Models are shown as follows.
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Fig. 3.3. Various Mapping from Real-Space to

Informational Spaces

First, Personal Server Model proposed by
SPEARS WG is mentioned and considered. In
this report, Area Server Model is proposed with
the result of considerations. Next, we will show
that cooperation between both models is required

for operation.

3.3.1 Personal Server Model

The Personal Server Model[311] is the process-
ing model based on User keyed Space. In the
model, each user owns his virtual host treating
User keyed Space. We implemented system called
Personal Server applying the processing model.
Personal Server on the Internet is an expression
of user in real space, stores communication iden-
tifiers, such as e-mail address.

It is not feasible to prepare every Personal
Server as physical host. In our implementation,
we attached many IPv6 Alias addresses to one
host. Every Personal Server has different IPv6
address. These hosts have one database for all
users and reply only certain user’s information
when other application connects to certain Per-

sonal Server.

3.3.2 Area Server Model

The Area Server Model is also the model pro-
cessing informational space. However, the differ-
ence is the viewpoint. This model is based on
Location keyed Space. In this model, the loca-

tional entity store user’s identifications related



with its location. The implementation applied

this model is mentioned in Section 3.4.

3.3.3 Considerations for Management
Model

According to these two models, there are two
informational spaces. One is about location infor-
mation, and the other is about user or its ID.
There are two requirements for real-space infor-
mation processing system to realize real space ser-
vice based on location. The system requires recog-
nizing users related with certain location. More-
over, the system requires recognizing communi-
cation endpoint to provide service. The former
means managing user ID on the namespace. The
latter means that information depends on each
application are necessary when these users are
served actually. For example, mail delivery ser-
vice needs that user’s e-mail address, and auto-
matic chat invite service needs user’s Chat ID (like
Jabber[140] ID).

Managing finite number of group that manages
infinite number of entity is difficult. In contrast,
managing infinite number of group that manages
finite number of entity is feasible. The number
of service type and identifier are infinite; but the
number of service type that user uses is finite. To
manage user’s communication endpoint informa-
tion, Personal Server Model is preferable. The
number of User ID is infinite; but the number of
user that tagged to certain location is finite. To
manage users 1D related with certain area, Area
Server Model is preferable. Therefore, these two
models have good and bad points, complement

each other.

3.4 Design and Implementation of AreaD

This section describes the Area Server model
compliant system design and implementation.
The personal server manages communication end-
points each user has, to satisfy the requirement
of the Real space service. To manage location-
oriented information, we also designed and imple-

mented a system named AreaD.

W I D E

3.4.1 Design

There are three requirements for conference
support system. 1) Users in each conference room
should be manageable and identifiable to the sys-
tem in real time. The conference name of each
conference is identifiable. 2) The name of the
conference held in each room should be identi-
fiable. 3) Time line for each conference on the
system should be configurable to identifiable par-
ticipants in each conference. The service, which is
satisfying these requirements, will provide various
location-aware-services.

Figure 3.4 shows the policy defined for man-
aging information in order to define the data
structure of this field test system. The data
structure allows several conference rooms to exist
at the same time. Each room is defined with
start and end time of the conference, and the
name of conference room. When a user enters
or leaves a conference room, the system receives
user’s movement information as an event, and logs
them to record which conference the user partic-
ipated. Based on this information, the system
maintains user ID for describing who participates
the conference and a location information label for
describing which conference room is used. These
two information, user ID and location information
label, are bound to the conference name.

Figure 3.5 shows an example of information
management. In this example, there are two con-
ference rooms, and two users as participants of the

conference. Conference A and conference B were

Two kinds of event

conference
room

entering event leaving event

Parallel session for
many conference rooms

Fig. 3.4. Abstractions of User and Conference
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held at conference room A, while conference C was
held at conference room B. User 1 first partici-
pated in the conference A held at the conference
room A, and then participated in the conference C
held at the conference room B, and finally left the
conference room. User2 only participate confer-
ence C held at the conference room B and then
left the room.

To build components that manages any
location-related information, it should provide
search and registration function of a conference
detail, entering and leaving of attendees. The con-
ference detail will be consist of conference name,
location information label, and start and end time
of the conference. The registration of the entering
and leaving events are based on the user’s infor-
mation and the RFID reader of which the user
was detected from.

The search function provides a search for con-
ference names currently being held, a search for
participating user ID based on conference name,
and real-time user ID search based on the location
information label.

Search based on conference name, is assumed
to prove all user IDs who participated the confer-
ence including those who left during the confer-
ence. Time line based search using location infor-
mation label, is assumed to provide only those
who are actually at the conference room. In fig-
ure 3.5, conference A is returned when searched

based on conference room at t1.

N

T
i
.
meeting | meeting B
i '
i I
room A | H
o |
o '
H H
. '
meeting C !
H il
room B v |
—
user 1 s :
| il
room A I :
|
I ol g
| | user 2
| |
| vy
room B room B
user 1 user 2

Fig. 3.5. Examples of Users’ Behavior and its

Operation

312

Similarly, ID of userl is returned when searched
with conference name as an argument for confer-
ence A.

When time line based search using location
information label is used at t2, user ID can not be
obtained with conference A as an argument, how-
ever ID of userl is returned when searched with

conference name as an argument for conference A.

3.4.2 Implementation

We have implemented AreaD as an informa-
tion management system to support conferences.
AreaD maintains binding between location infor-
mation and user ID using information from the
RFID-reader. AreaD itself is a middle-ware that
does not directly provide real-space services to
users, but is specialized for providing communica-
tion rendezvous. We have implemented the real-
space services as other applications.

The field test system consists of the following
3 parts; protocol module for event triggered when
entering or leaving a conference room, data man-
agement module for internal data base, and pro-
tocol handler for real-space services applications.

For the entering and leaving event protocol
mode, we implemented a text-based protocol han-
dler. The data management module maintains
data structure as shown in Figure 3.6. The
main data structure consists of data structure
for real-time based search and data structure for
conference name based search. We have also

implemented a text-base event handler for search

Data Structure : Hash table for sessions / linked list for users

5 structure mnod/

i 4 I = — P

o} o+ & N

I ), structure unode

[ = atd IC =3 ICg=3 N

| E—
structure mnode \ /
I

structure unode

Fig. 3.6. Data Structure



protocol module as well.

Figure 3.7 shows screen image of AreaD. In
this figure, it shows that some data structures are
managed.

We implemented text-base protocol for the
search. Figure 3.8 shows the search using TEL-
NET. The main massages are MGET message,
LGET message, and UGET massage. When
AreaD receives a MGET messages, it replies with
the list of ongoing conference names. When
AreaD receives a LGET message with location
information label, it replies with the list of

user ID of those at a certain conference room.

A UGET massage with conference name is used

Fig. 3.7. The Screenshot of AreaD

=10 x|

Fig. 3.8. Query and Reply Interface using TEL-
NET

# meeting_schedule.csv

# name,mid,start(yyyymnmv/dd hh:mm).end (yyyymm/dd hh:mm),label
Cllest],CI1M 1,2002/8/1 0:00,2002/10/11 23:00,CIT
CI-test3,CI11M2,2003/8/1 0:00,2003/10/11 23:00,CII
AUTO-ID-test1, AUT O-ID-M 1,2002/8/2 0:00,2002/10/12 23:00,AU TO-ID
AUTO-ID-test2, AUT O-ID-M2,2003/8/2 0:00,2003/10/12 23:00,AU TO-ID

Fig. 3.9. Example of Configuration File

W I D E

for obtaining the list of user ID that is in the cer-
tain conference room.

AreaD can configure profiles of each conference
beforehand. Configuration is described in con-
figuration file read by the program. Figure 3.9
shows a sample configuration. Each conference
described in a single line, each line consists with
conference name, start time, end time, location
information label and so on.

AreaD provides information of users in the con-
ference room, and by using the search interface,
location-aware services can be provided. The eval-
uation experiment was conducted at the WIDE
camp held in March and September of 2003.
The evaluation experiment system was built by
adding the AreaD to the existing system. This
allows using AreaD without any modification to
the existing system. The real-space services are
implemented as other application and described

further in section 3.5.

3.5 Result and Sample Applications

To establish the usefulness of AreaD based
“Area Server Model” for conference support, we
have implemented two kinds of sample applica-
tions; “Jabber Bot” and “WebDAV proxy”.

The “Jabber Bot” automatically creates a chat
room and invite users who are in same physical
space or participating same meeting. In addi-
tion, the “WebDAV Proxy” is a combination of
the ad-hoc WebDAV directory for meeting par-
ticipants to share their materials and a kind of
annotation http proxy to add the WebDAV direc-
tory entry to all web pages that are participates
accessed. Figure 3.10 and 3.11 shows the screen-
shots of these applications.

Figure 3.10 shows one of the Jabber-IM (Instant
message) clients that is using “Jabber Bot” ser-
vice. It shows that a user have been invited at
Jabber conference named “bofl-1 room”. The
Jabber Bot itself is one of the participants in this
Jabber conference.

Figure 3.11 shows a typical action of the
“WebDAV proxy” on the accessed web page. The
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Fig. 3.10. The Screenshot of Jabber
Application
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Fig. 3.11. The Screenshot of WebDAV
Application

I
1) When the user clicks
a control panel,

WebDAV proxy inserts a sub window (control
panel), which has pointer to the ad-hoc WebDAV
repository. The participants can access to com-

mon folder by just clicking this link.

3.5.1 Jabber Bot

Jabber is a set of streaming XML protocols and
technologies that enable any two entities on the
Internet to exchange messages and presence. The
Instant Messaging (IM) service is major applica-
tion of it.

Since the IM users must exchange each ID (Jab-
ber ID) before establish communication peer, it
is difficult to organize ad-hoc group of meeting
participants without full-mesh registration IDs
among all of them. Jabber Bot provides auto-
matic invite service for users who are in the same
room using information served by AreaD. Thus
this Jabber conference corresponds with an orig-

inal meeting. When the meeting starts, Jabber
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Personal Server Jabber Server —

3) Jabber Bot requests
to create or update
Jabber conference

Jabber Bot to Jabber Sever.

2) Jabber Bot
requests a Jabber ID
related the User ID

to Personal Server. j
AreaD

1) Jabber Bot requests
User IDs to AreaD.

4) Jabber Server invites
user’s Jabber client to
the Jabber conference.

Jabber Client [&—

Fig. 3.12. Jabber Bot Components and its

Relations

Conference is made, and when the meeting is over,
Jabber Conference will be deactivated.

To recognize participants in target meeting
room, Jabber Bot acquire the list from AreaD.
Jabber Bot inquire of each user’s Personal server
to get one’s Jabber ID. Then Jabber Bot invites
the user to ad-hoc Jabber conference using the ID.
Users who want to be invited from Jabber Bot
just start a Jabber client application. Figure 3.12
shows these procedure and Jabber Bot compo-

nents and its relations.

3.5.2 WebDAV Proxy

WebDAV is a kind of remote file system using
web standard protocols. The repository location
is represented as URL form.

To moderates a meeting efficiently, WebDAV
proxy provides ad-hoc shared repository to the
meeting participants. When a meeting is held,
WebDAV Proxy creates ad-hoc WebDAV reposi-
tory for the meeting and advertises the location
to each participant via web page.

To advertise the location of ad-hoc repository,
WebDAV Proxy works as HTTP proxy (to use
this application, all participants should use it as
HTTP proxy). The combination of AreaD, Per-
sonal Server and some support application to col-
lect IP address is able to resolve a list of IP
address that is used by each participant’s host.
Therefore, WebDAV proxy can selective annota-
tion only for the meeting participates using the
list. When WebDAV proxy is accessed from
the listed IP address, WebDAV Proxy returns



Personal Server WebDAV Server [«—

2) WebDAV Proxy WebDAV Prox
requests a IP eb WV Pro 4 3) HTTP access form

address related the user’s Web browser is

User ID redirected to WebDAV
to Personal Server. Server.
AreaD

1) Jabber Bot requests
User IDs to AreaD.

Web Browser ——

Fig. 3.13. WebDAV Proxy Components and its

Relations

annotated web page that is added some java-
script and the link to the repository. Accord-
ing to this procedure, it offers corresponding
WebDAYV folder automatically. Figure 3.13 shows
these procedure and architecture of WebDAV
Proxy.

3.6 Conclusion

We addressed to two information spaces to
enable real-space oriented data processing in this
report, location keyed space and user ID keyed
space. Using the information spaces, we show
two management models for real space oriented
data. The “Personal Server Model” represents the
method to handle user-keyed information. In con-
trast, the “Area Server Model” addresses handling
method of location-keyed information.

This report shows these two models are both
required to realize location-aware and real-space
computing environment. We designed and imple-
mented an Area Server compliance service named
AreaD. The AreaD provides location-aware ren-
dezvous service among users.

To more concretization the information spaces
discussion, there are some issues which need more
works.

In this report, information management model
is divided to two models, Personal Server Model
and Area Server Model. In other words, AreaD
manages user’s location information by area. Two
applications using AreaD, Jabber Bot and Web-
DAV Proxy, are also implemented. By using these

two applications based on Area Server Model,

W I D E

the location-aware conference support system is

provided to users.
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