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Abstract. This paper presents a basic configuration of a system that provides 
dynamic delivery of full-motion video while following target users in 
ubiquitous computing environments. The proposed system is composed of 
multiple computer displays with radio frequency identification (RFID) tag 
readers, which are automatically connected to a network via IP, and RFID tags 
worn by users and some network servers. We adopted a passive tag RFID 
system. The delivery of full-motion video uses adaptive broadcasting. The 
system can continuously deliver streaming data, such as full-motion video, to 
the display, through the database and the streaming server on the network, 
moving from one display to the next as the user moves through the network. 
Because it maintains the information about the user’s location in real time, it 
supports the user wherever he or she is, without requiring a conscious request to 
obtain their information. This paper describes a prototype implementation of 
this framework and a practical application. 
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1   Introduction 

As information technology (IT) developed, it provided attractive new uses of 
information resources, making them available in all areas of people’s lives. Its 
application is expanding to all of our daily lives through information appliances, such 
as mobile computing environments and home electric appliances. As computers and 
networked environment have become popular in homes, various home appliances 
need to be organically connected through a network. Consequently, information 
appliances will offer high performance, and more functions. 

As Mark Weiser [1] envisioned, the goal of ubiquitous computing is to provide 
various services by making multiple computers available throughout the physical 
environment, but, in effect, making them invisible to the user. 

Perceptual technologies have made it possible to detect the presence or positions of 
people, as well as any other object we care to think about. Context-awareness, 
particularly user- and location-awareness, is becoming an essential feature of services 
that assist our everyday lives in ubiquitous computing environments. 
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Several researchers have explored location-aware services [2][3]. The existing 
services can be classified into two approaches. The first type uses computing devices 
that move with the user. This approach often assumes that such devices are attached 
to positioning systems, such as global positioning system (GPS) receivers, which 
enable them to determine their own location. For example, in Hewlett-Packard's 
Cooltown project [4], mobile computing devices, such as personal digital assistants 
(PDAs) and smart phones, are attached to GPSs to provide location-awareness for 
web-based applications running on the devices.  

The second approach assumes that the physical space is equipped with tracking 
systems which establish the location of physical entities, including people and objects, 
within the space. This allows the system to provide application-specific services to 
appropriate computers. A typical example is the follow-me application, developed by 
Cambridge University’s Sentient Computing project [5], to support ubiquitous and 
personalized services on computers located near users. 

In related work, a general infrastructure and framework was proposed to 
seamlessly integrate the assembly and management of the application in ubiquitous 
computing by applying an agent in mobile computing [3][6]. They presented several 
typical location-based services developed using this infrastructure. For instance, they 
implemented “personalized services anywhere,” which is an agent system that 
provides a desktop teleporting system using a radio frequency identification (RFID) 
system. In addition, they developed a mobile window manager, which is a mobile 
agent that can carry complete desktop applications to another computer and controls 
the size, position, and overlap of the application windows. 

In this paper, we focus on the delivery of full-motion video to a user moving 
through an environment. 

Existing systems deliver full-motion video to a computer display, by recognizing a 
RFID tag that is registered beforehand with the system. However, no system exists 
that can seamlessly deliver full-motion video to multiple computer displays within a 
network, while following user’s movement. This paper presents a basic configuration 
and implementation of such a system. The proposed system is composed of a 
computer display with an attached RFID-tag reader, which automatically connects to 
the network via an IP, and RFID tags on the users, and also on some network servers. 
We adopted a passive-tag RFID system. 

The delivery of full-motion video uses adaptive broadcasting. Using a database 
server and a streaming server, the system continuously delivers streaming data as full-
motion video to the display nearest to the user as he or she moves past displays on the 
network. We also discuss a system that delivers each video to several users 
simultaneously. We investigate how to display multiple data streams at the same time 
on a single system without confusing the user. In addition, we implement an 
application that allows multiple users to get desired information, including videos, on 
demand.  

This makes it possible to support the user automatically, regardless of where he or 
she moves throughout the network. We would like to study the configuration of a new 
interaction. 

We would like to describe the configuration of a new interaction system by adding 
entities like honey, family pet and angel, etc. This system is an ambient human 
interface system, which becomes friendly advisers and gives users naturally 



1012 T. Yamaguchi, K. Shimamura, and H. Shiba 

awareness, through making real images via a network to follow users. We will expect 
to propose a human interface system of a user-oriented ubiquitous computing through 
implementing this system. 

2   Approach 

This section describes a realistic scenario for providing dynamic delivery of full-
motion video in ubiquitous computing environments. Our goal is room- and building-
wide deployment of our system. It is almost impossible to deploy and administer a 
system in a scalable way when the control and management functions are centralized. 
Thus, our software system consists of multiple servers, which are connected to 
individual servers in a peer-to-peer manner. At least one streaming and one database 
server are necessary for implementing the system. The database server maintains up-
to-date layer information on the tag identifiers [7]. 

2.1   Delivery Procedure for Reliable Partner System 

In this section, the procedure involved in delivering a streaming digital media to the 
target host is described. Fig. 1 shows our system, which allocates RFID-tagged users, 
and a number of target hosts with attached RFID tag readers. When an RFID-tagged 
user enters a reader’s coverage area, the unique RFID identification tag is 
authenticated through the database server, and the streaming digital media is delivered 
to the display of the target host in the area of the RFID tag reader. If the RFID-tagged 
user moves, the streaming delivery migrates to the appropriate target host within the 
same coverage area to offer services to the same user. 

The streaming server is notified of the IP address of the target host by the RFID tag 
and the database server. If the target ID is already registered in the database, the 
registered address is returned to the target host. 

When the target host receives the address, it demands the data stream from the 
streaming server. This begins the broadcast delivery from the streaming server. The 
broadcast streams in real time to the appropriate target host. 

Broadcast delivery is different from unicast delivery in that it is transmitted like the 
terrestrial television. Consequently, there is no time lag in the animation reproduction 
time even if the streaming data migrates from one target host to another. Thus, it is 
possible to deliver animation seamlessly.  

2.2   Network Composition 

To consider the dynamic delivery of full-motion videos, it is necessary to analyze the 
network composition to ensure that the load is distributed. This section reviews a 
computing system and a network topology for implementing our proposed delivery 
system. 

To avoid concentrating the load on the server, this system is configured as a 
decentralized P2P computing system. The composition of the overall topology is pure 
P2P, however, when other peer (client) is retrieved, pure P2P wastes time to discover 
the target peer. Adding an index-server, creates a hybrid P2P system, which solves 
this problem and greatly decreases the retrieval time.  
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The peer that provides this function is called the "entrusted host". This host 
allocates and manages a unique ID on the P2P network that is different from its IP 
address. Here, we would like to consider when the host comes off the P2P network. 
Although only the client peer is excluded from the network, it causes the P2P network 
to collapse. This system entrusts the function of the host to another peer when the host 
comes off the P2P network, and conveys the new host’s IP address to all other peers. 
The peer that received new host’s address creates a new P2P network. 

Next, the network topology of our proposed delivery system is considered. 
Servers and peer hosts may be dynamically deployed and may frequently shut 

down. To make the network extensible, we apply the network design clarified by 
Tanizawa [8] that optimizes network robustness. 
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Fig. 1. Basic configuration of Reliable Partner System providing users with companionship 
through dynamic delivery of full-motion video 

3   Implementation 

The system presented in this paper was implemented in Microsoft Visual Basic .NET 
framework version 1.1 or later versions, including Phidget SDK, in particular, the 
Phidget [9] software components. This section discusses some features of the current 
implementation. 
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3.1   Prototype 

The current implementation uses the Phidget RFID tag reader and its tags: 125 kHz 
RFID-tag system, using the universal serial bus (USB). Phidgets are an easy-to-use 
set of building blocks for low-cost sensing and can be controlled from a PC. Using the 
USB as the basis for all Phidgets, allows management with a simple and robust 
application programming interface (API). Applications can be developed quickly in 
Visual Basic. 

Additionally the database realizing the user’s authentication and the address 
reference of the streaming server used MySQL database. 

After completing user authentication, the target host requests for the delivery of 
animation from the streaming server. 

The streaming server used Windows Server 2003 and Windows Media 9 Series. It 
is actuated by Windows Media streaming, which has a new fast-streaming technology 
that virtually eliminates buffering for broadband hosts. 

Therefore, broadcasts are delivered to the target host when its RFID tag reader 
senses a registered tag ID worn by a user, who comes close, as shown in Fig. 2. If the 
user moves, the host in the new location senses the presence of the tag and the system 
continuously delivers the display to the host nearest to the user. Even when changing 
target hosts, the user sees full-motion videos in real time. Thus, the user can watch the 
streaming video seamlessly without the time lags associated with video broadcasting. 

3.2   Performance Evaluation 

To evaluate our current implementation of the delivery system, we measured the 
system’s performance in actuating a target host for a broadcast, then measured the 
response in migrating a streaming video from one target host to another. For this 
experiment, we used five computers: a Windows Media server, a MySQL database 
server, and three target hosts as shown in Fig. 2(a). The Windows Media server ran on 
a Pentium 4 (2.8 GHz) with Windows 2003 Server and Windows Media 9 series. The 
MySQL server ran on a Pentium 3 (1 GHz) with Windows 2000 and MySQL 4.0.21-
nt. Each target host ran on a Pentium 4 (2.8 GHz) with Windows XP Professional and 
MySQL ODBC 3.51 Driver. All hosts had a GeForce 6200 video card. The system 
interconnects via a 1000BASE-T Ethernet LAN. The streaming video is played in a 
640 × 480-pixel (VGA size) window with a “Logicool Qcam Pro 4000” webcam. 

We verified the connection speed through the Gbit LAN. The minimum throughput 
speed between the server and a host was 170 megabit per second (Mbps). 

We measured the time lag before a target host’s actuation. The latency from 
reading a RFID tag to passing a streaming server’s IP address to a target host was 20 
to 30 ms and the latency of the Windows Media Player’s connection between a 
streaming server and a target host over a TCP connection was 180 ms. Thus, the total 
time for system actuation and migration is 210 ms. This latency corresponds to a 
normal human walking speed. 

3.3   Subjective Evaluation 

As shown in Fig. 2(b), we have also implemented more practical prototype system of 
the same specification as Fig. 2(a). We carried out a questionnaire survey to 
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(a) Configuration of prototype model 
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(b) Experimental model using 60-inch screen 

Fig. 2. Overview of prototype system and its image that we see through display units, namely, 
Fig. 2(a) shows the prototype system consisted of three PC displays, Fig. 2(b) shows the 
experimental prototype system consisted of two 60-inch screens 

investigate the subjective impression of the prototype system. Test subjects are 10 
students of the department of electrical engineering in their twenties. The subjects in 
their twenties are experienced in the PC operations in their daily life.  

The experiment was conducted on two PC-class desktop computers laying side-by-
side with a 60-inch screen as shown in Fig. 2(b). We explained and demonstrated how 
to use the prototype system for the subjects before they filled out the questionnaire. 
After that, questionnaires on the subjective impression were evaluated in a five 
category rating scale where: Better=5, Slightly better=4, Fair=3, Slightly worse=2, 
Worse=1.  

Table 1 indicates the results of the questionnaire. The category judgments in Table 1 
calculated as a mean score shown on a scale of 1 to 5 and its standard deviation (SD). 
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Subjects’ rating of the visual clarity of objects, the realism as user following and the 
system response was quite high with 4.2 points or more. On the other hand, subjects’ 
rating of the presence as entities and their interest level of this system was not so high 
about 3 points or less. So the evaluated value of the prototype system for these users 
might prove greater with more familiarity and experience with this system. 

Table 1. Results of questionnaire 

Items Mean score SD 
Visual clarity of objects 4.2 0.98 
Realism as user following 4.4 1.0 
System response 4.2 0.69 
Presence as entities 2.9 0.94 
Interest level of this system 3.3 1.1 

 

3.4    Delivering for Several Users 

In this section, we discuss a system that delivers video for several users 
simultaneously on a common display. We study how to simultaneously display 
multiple data streams on a single display without confusing users. We are also 
implementing an application that allows multiple users to request and receive desired 
information, including videos. 

The current method of playing several videos at the same time is to divide the 
screen into multiple viewing areas, and uses three-dimensional space. However, there 
is no system capable of providing each video to each user on the same display. 
Moreover, the interaction between each user and the videos becomes unnatural. If a 
video corresponding to each user can play without the need for dividing the display, 
we would have an effective tool to interactively share one display space. We look at 
flip books (i.e. a cut-off animation) as a way of obtaining this interaction. 

In general, you can make a flipbook with a pad of paper. Rendering a still image on 
a screen, at regular time intervals, works the same way, which creates a flipbook that 
works similar to GIF animation. In this way, we can consider the possibilities of 
playing several videos at the same time on the same display. Alternately, rendering 
several still images at regular time intervals is similar to time-division multiplexing. 
Through time-sharing, one still image of each video can alternate with others, each 
using the whole display. Although a frame rate of animations decreases only a 
number of multiplexed images, different animations can be looked like overlapping 
each animation. It appears that a frame rate of 15 fps or more could work. 

4   Conclusions and Further Work 

In this paper, we have proposed a system configuration for providing dynamic 
delivery of full-motion video to mobile users, by using RFID-based tracking systems. 
The system detects the user location and delivers a streaming video. 
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With an RFID tracking system and RFID tag-layer architecture, the system can 
track the location and environment of target hosts or the devices. In addition, this 
system responds adaptively to the environment for various user supports.   

The implementation and experimental results indicate that it is possible to 
continuously deliver streaming data as full-motion video over the network, through 
the database server and the streaming server. Further experiments to validate system 
performance determined a lag time (response time) that corresponds to a person’s 
normal walking speed.  

Also, we investigated users’ impression about the prototype system through the 
subjective evaluation experiment. While the subjects evaluated the prototype system 
as more effective, they feel that the presence of the displayed image as entities is not 
enough. 

We need to implement a more actual and effective application system, and propose 
a more simple and adaptable support-model as a service for context-awareness 
applications. As a related application, there is a system that projects an advertisement 
onto a full window of a running subway car. It uses a special display on the subway 
tunnel’s wall [10]. Although it is quite different from the approach presented in this 
paper, it might give us some pointers.  

We would like to further study the configuration of a new interaction system by 
adding entities. This system is an ambient human interface system, which becomes 
friendly advisers and gives users naturally awareness, through making real images via 
a network to follow users. We would like to expect to realize ambient human interface 
system of a user-oriented ubiquitous computing through implementing this system. 
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addition, this work was partially supported by the Shikoku JGN2 research center of 
National Institute of Information and Communications Technology (NICT). This 
work investigates a scheme of User Interfaces in ubiquitous environments. 
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and Shimamura, Lab staff, and Dr. T.Tanizawa of Kochi National College of 
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