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1.   Background trends and development issues

1.1   Deployment of broadband access
The growing popularity of mobile phones capable

of connecting to the Internet has pushed up the num-
ber of Internet users to 80 million, close to 60% of the
population. Especially remarkable is the number of
contracts of broadband access (DSL, cable Internet,
FTTH, wireless, etc.), which reached the 15 million
mark by the end of 2003 (DSL: digital subscriber
line, FTTH: fiber to the home). Considering that each
contract represents several users, it is estimated that
some 33.7% of Internet users are broadband access
customers.

The rapid emergence of this broadband access is
closely related to the national IT and ICT-related
strategies (IT: information technology, ICT: informa-
tion and communication technology). Japan’s pio-
neering e-Japan Strategy of 2001 elevated the deploy-
ment of a broadband infrastructure to the highest pri-
ority. The plan called for an environment that would
support up to 30 million high-speed Internet sub-
scribers and 10 million super-high-speed Internet
subscribers. This target environment itself has
already been achieved.

After 2003, this was followed by a succession of

initiatives including e-Japan Strategy II seeking to
take fuller advantage of IT technology, the e-Life Ini-
tiative promoting commercialization and wider use of
networked appliances, and the u-Japan Initiative fos-
tering the ubiquitous information society. The point
to be emphasized here is that, although an infrastruc-
ture that could accommodate up to 40 million broad-
band access contracts was put in place, the actual
number of contracts did not exceed 15 million. In
other words, this environment is currently being
under-utilized. This under-utilization can be attrib-
uted to the fact that services have not reached a level
that is completely satisfactory, which highlights the
importance of issues such as how the infrastructure
can be better utilized and how services can be better
tailored to the needs of users.

Let us first review the types of services that have
been proposed. The e-Japan Strategy II initiative
focuses on seven key areas where IT can be more
effectively utilized:

• Medical services: promote more widespread use
of electronic receipts, etc.

• Food: develop traceability systems, etc.
• Lifestyle: develop home health management sys-

tems, etc.
• Small and medium enterprise financing: promote

assignment of obligations by electronic means,
etc.

• Knowledge: promote e-learning, etc.
• Employment and labor: provide better employ-
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ment information through public-private collabo-
rations, etc.

• Public services: construct and deploy portal sites,
etc.

Based on this initiative, considerable research and
development is focusing on technology leveraging IT
in these seven key areas, which all have a direct
impact on the general public.

Let us next look at the objectives of the e-Life Ini-
tiative, which is seeking to promote more widespread
dissemination of networked appliances. In contrast to
the old materialistic three ‘C’s of the 1960s (car, cool-
er, and color TV), the new three ‘C’s that are the foun-
dation of the strategy for disseminating networked
appliances are concerned with the less tangible area
of information. The new three ‘C’s are:

• Communication: effective utilization of commu-
nication between family members and between
business people in the home and office and out-
doors

• Control: implementation of user friendly and
easy-to-operate networked appliances

• Content: effective utilization in content-related
businesses, education, and life-long learning

1.2   Growing number of networked devices
We have seen a shift in emphasis of R&D of home

networks and appliances to focus on research of
appliances and devices that can be connected to
telecommunication networks and home networks and
the development of services enabling all these
devices and appliances to be operated as a single sys-
tem. Indeed, considerable progress has already been
made in developing and refining a range of different
kinds of appliances. Here, I will take a closer look at
three categories of devices: information-communica-
tions equipment, audio-visual (AV) appliances, and
white goods and environmental appliances.

(1) Information-communications equipment
Information-communications equipment, which

has always involved network connectivity, is no
longer the simple communication tool it once was.
The R&D emphasis has now shifted to linkages with
different media (media centers supported by media
servers), endowing phones that used to support only
speech with Internet connectivity, and enabling link-
ages with the Web and email (NTT DoCoMo’s i-
mode and NTT East&West’s L-mode). In this area,
the convergence of different functions has become a
major trend, and one important issue is how to make
new terminals that combine different functions more
user friendly and easier to use.

(2) AV appliances
Although they have never been networked in the

past, AV appliances such as TVs and audio equip-
ment can utilize all the rich content on the Internet if
they are given the ability to interconnection with net-
works. And with HDD (hard disk drive) and DVD
players being operated as broadcast servers, we are
also seeing a trend toward seamless sharing of con-
tent between broadcasting and communication.

(3) White goods and environmental appliances
Interconnecting white goods to the network opens

up the possibility of all sorts of novel uses. For exam-
ple, one can download a recipe to a microwave oven
or check and see what one has stocked in the refrig-
erator. And recently, a system enabling someone to
monitor the opening and closing of a refrigerator
from a remote location and monitor the activities of
someone who is home (say an elderly relative who is
becoming less independent) has attracted consider-
able interest.

In addition to these schemes for connecting termi-
nals and equipment, another area of great interest is
network control in which a device is connected to the
network. For example, consider sensors. Consider-
able progress has already been made in developing a
range of sensor-based services for pinpointing posi-
tion, surveillance, monitoring, and so on using accel-
eration sensor chips intended for installation in com-
munication terminals, sensor nodes connecting vari-
ous kinds of sensors to networks, and sensor-based
networks using these sensors.

Turning to the area of IC (integrated circuit) tags,
we have seen an enormous expansion of novel ser-
vice linkages by connecting tag readers to the net-
work. This offers an easy way to attach information
to objects, enabling IC tags to be used to trace food
products, for example.

1.3   Technology development issues
In an environment where all sorts of devices are

networked in the home, the workplace, and other
places, the question of how these devices are inter-
connected is a matter of great concern. Currently,
standardization of these networking issues—includ-
ing the interconnectivity of home networks—is being
defined by several different standards-making bodies.
Standards generally deal with two kinds of objects:
layered models of protocols and the devices covered
by a standard. The layered models address framework
differences including applications (ensuring inter-
connectivity), protocols and middleware (data for-
mat, data exchanges protocols, etc.), and physical
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properties (physical media, signal schemes, etc.). The
devices covered by the standard include information-
communication systems (personal computers, tele-
phones, fax machines, etc.), AV components (TVs,
HDD players, audio equipment), and white goods
and environmental systems (refrigerators, air condi-
tioners, sensors, etc.).

Many standards organizations are already involved
in this work, but although some progress has been
made in specifying interconnectivity between
devices, the standardization of the layered model is
still a long way off (Fig. 1). Nevertheless, since the
devices and layered model are closely interrelated,
some resolution is urgently required.

As services become more diversified and home net-
works and appliances become more complex, issues
of how these devices can be made easy to master and
how advanced services can be easily provided are
critical in terms of development.

2.   Efforts to date

Next, let us consider the NTT R&D initiatives to
date in light of the above background.

2.1   Accommodating diversified equipment and
devices

A fundamental approach that will accommodate the
proliferation of more diversified equipment and
devices is to base home networks on the concept of an
open service platform. This is essentially a system in
which various kinds of program modules can be
deployed on the open service platform and equipment
and devices connected to the network can download
the program modules that they require. This approach
effectively prolongs the life cycle and extends the
functionality of the equipment and devices.

Efforts have been focused on the development of
the Open Service Gateway Initiative (OSGi) with pri-
mary emphasis on refinement and application devel-
opment. The OSGi Alliance was established in 1999
to draft and promote open service platform specifica-
tions. It currently has 40 members. On the domestic
front, the OSGi User Forum Japan was established to
promote more widespread use of the standard from
the user side. Through R&D efforts, it is helping dis-
seminate the standard while cooperating in standard-
ization activities.

The standard developed by the OSGi Alliance is
called the OSGi Service Platform. The specification
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defines that the service platform shall be installed on
a Java virtual machine (JVM) implemented on hard-
ware and operating systems, and various distributed
program modules can be either added or deleted as
required by Java while the system operates as normal
(Fig. 2). The framework of this platform is imple-
mented in such a way that basic functions needed for
the system, functions dealing with security and simi-
lar services, and basic functions required for network
connectivity are already standardized in the form of
“standard functions” or “recommended services”.
New services can then be added or the overall frame-
work can be extended or modified by adding or delet-
ing service program modules. In the context of OSGi,
these program modules are referred to as bundles.

2.2   Improving equipment quality and operability
In the past, the emphasis on improving the quality

and operability of equipment has tended to focus on
the distribution of video and music. Video distribu-
tion is based on the assumption that faster optical net-
works will be implemented in the future, so systems
that will support high-speed streaming distribution up
to and including HDTV video signals are being con-
sidered. HDTV is carried by 25-Mbit/s IP packets, so
efforts are focused on supporting that throughput
without any loss of data. At the same time, progress

is being made on the interconnectivity standard
HSAC-RTSP that has emerged as a de facto server-
client distribution protocol for implementing video
distribution services (HSAC: Hikari Service Archi-
tecture Consortium, RTSP: realtime streaming proto-
col).

Meanwhile, with the goal of implementing user-
friendly services for distributing music, good
progress is being made in operability for consumer
electronic, light processing load browsers, menu-
descriptive language configurations, and so on.

3.   Future initiatives

As we are seeing increasing activity based on the
assumption of ubiquitous information networks, a
survey was conducted to ascertain the misgivings and
concerns of ordinary people in using ubiquitous ser-
vices. People were apprehensive about security and
safeguarding their individual privacy. Moreover,
many respondents expressed apprehension about
increasingly complicated system operation. Since all
kinds of equipment will be connected to the network
in future to implement an environment that seamless-
ly integrates this equipment and provides services,
the problems of security and operability will certain-
ly increase as time goes on. Here, I consider some
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technologies that will be developed in this area in the
years ahead.

3.1   R&D approach to home networks
OSGi will further evolve into an adaptive middle-

ware platform promoting the use of technologies that
will provide (1) advanced services by integrating
devices, (2) effective utilization of resources, and (3)
safe and secure services. More specifically, all sorts
of diverse services will be achieved by combining
devices for aggregate communications and informa-
tion; e-commerce, settlement, and reservations;
remote management and control; home security;
home control; and entertainment.

Consider home security as one example. By com-
bining different sensor and communications devices,
we could develop a service in which a sensor detects
a problem or abnormality and reports it. There is
expected to be considerable demand for just such a
service in the future. In particular, services that alle-
viate the problems of the aging society are expected
in the field of home security. In addition, services cor-
responding to the conservation of energy and envi-
ronmental problems that eliminate unnecessary
power consumption in the house are expected in the
field of home control, and they will play key roles in
society.

One concept being proposed that would support

these capabilities is a service aggregation platform
that further extends the functional capabilities of
OSGi (Fig. 3). The scheme would manage bundles
(program modules) on the server side, deliver bun-
dles  to home service gateways (the functional unit)
deployed in homes and offices, and support advanced
services through seamless integration of various
kinds of devices. The most unconventional and
unique aspect of the scheme is that multiple service
providers would use the same device installed in the
home. This would permit more effective utilization of
device and would not only hold down the costs for
separate services but would also help stem the flood
of new equipment and devices since it relies on a sin-
gle gateway device.

Moreover, security issues relating to the use of bun-
dles have emerged as a paramount concern. The
major issues are authenticating the interconnection
between server and client to ensure that the source of
the bundle is a legitimate server and verifying the
downloaded bundles to ensure they are legitimate.
One scheme that has been proposed to address these
security concerns is Communication Service
Concierge (CSC) [1], which would extend the securi-
ty functions of the OSGi service platform by verify-
ing interconnections between servers and clients,
providing encryption, verifying bundles, and control-
ling access during execution.

If multiple service providers can share a “service aggregation function”, the costs for each service can be
reduced and the increase in gateway equipment can be stemmed.
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Home service
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Fig. 3.   Service aggregation.
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3.2   R&D approach to networked appliances
Turning to networked appliances, the primary issue

is how they can be made easier to use. Development
of a user-friendly interface technology that eliminates
barriers to easy operation is critical. Here, I will high-
light three aspects of the issue: (1) Secure intuitive
operability, (2) operation support and proxy opera-
tion, and (3) diverse display, notification, and oper-
ability.

(1) Secure intuitive operability
IC tags have attracted considerable interest as a way

of implementing more intuitive easy-to-understand
interfaces. For instance, a system that connects an IC
tag with the network, reads it with a terminal, and
achieves easy access to necessary information has
been examined. In such an operation, the IC tag will
specify the connection to the service and access to var-
ious types of information will be achieved easily. Work
is now underway on a scheme that will extend this con-
cept so that various networked appliances can use it.
The key issues are how to implement a trigger for
using services that is easy to use and how to develop a
worry-free scheme that eliminates the potential prob-
lems of unwanted services imposing on you or your
services imposing on others who do not want them.

(2) Operation support and proxy operation
It should be possible for a remote support center to

instruct someone such as a novice or an elderly per-
son who is having trouble and for a designated alter-
nate person to operate a terminal remotely for some-
one who cannot operate it by himself or herself such
as a grandchild operating it for a grandparent. Some
work has been done in this area already such as the
development of the remote desktop, but we need a
new operating support scheme that supports interop-
erability between different hardware environments.

(3) Diverse display, notification, and operability
In a ubiquitous information environment, different

types of terminals and networks are often used in dif-
ferent locations. This requires technology that brings
together peoples’ activities and environments so that
they are free to receive services from whatever equip-
ment is available at a particular location with the
assurance that it will work properly. In other words,
what is needed is a multimodal interface that effec-
tively absorbs the differences between people, ser-
vices, and equipment. For example, one solution
would be a system that takes the same basic content
and adapts it to whatever equipment is available
locally so the content can be delivered as video or still
images if imaging capabilities are available, as
speech if audio capabilities are available, or as email

if only email capabilities are available in the environ-
ment.

4.   Overview of the R&D Forum demonstrations

This section briefly describes the demonstrations
given at the Forum.

4.1   Home network demonstration
A service linking a number of devices was demon-

strated under the title “Safety Home Demo” (Fig. 4).
A home service gateway unit was installed in John’s
home along with various kinds of network-connected
device such as power meters, lighting equipment,
temperature sensors, displays, telephones, and motor-
driven curtains. In one scene, a visitor came to the
front door and pressed the intercom button. John
failed to notice because the buzzer was drowned out
by the TV. The home service gateway realized that
someone was pressing the intercom button and used
various resources to determine John’s location in the
house. Once the system determined that he was
watching TV in the living room, it superimposed a
picture of the visitor in one corner of the TV screen.
The system could also have been set to automatically
lower the volume on the TV at the same time.

Temperature sensors let the home service gateway
recognize when a fire broke out in the house and
sound a warning over the networked TV set (or tele-
phone) via a notification service. Another service,
linking a light sensitive sensor and a device for open-
ing and closing curtains, automatically opened the
curtains when it was light outside and closed them
when it was dark.

These and many other services will be made possi-
ble by introducing the service aggregation platform
technology now under development. While the sys-
tem is up and running, it can accept additional
devices, devices can be combined to make new ser-
vices, and required bundles can be downloaded from
the server as needed.

4.2   Appliance demonstration
(1) Broadband appliances
A number of advanced capabilities were demon-

strated including simple operation, operation by
proxy, and remote operation (Fig. 5). A personal ter-
minal was shown being used as a remote controller
for several different devices in the house, as an infor-
mation terminal outside the office and on a business
trip, and as a remote controller for taking over control
of another terminal in a remote location where an
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elderly person was experiencing trouble. In other
words, the system permitted a full range of operations
on the terminal in front of the user or on a remote ter-
minal on a network.

(2) Refrigerator board
Since many families stick messages, memos, and

schedules up on their refrigerators as a convenient
central spot for sharing common family information,
a digital memo (refrigerator board) could be just as
effective, but it must be implemented in such a way
that the same information can be shared on a number
of different devices with different display character-

Bundle

TV

Bundle

Intercom image superimposed on TV Detected fire reported to TV and phone Curtains opened/closed and lights
controlled based on temperature
and light sensors

Overview of safety home demo

Power
meter

Temperature, light, humidity sensors

Heat source
Telephone

Camera

Intercom

Required bundle is downloaded.

Lighting

Curtain

Communications
network

Temperature, 
light, 
humidity 
sensors

Fig. 4.   Demonstration at the Forum (1).

Communications
network

RF-ID

Email

Adapted display mode

Control

Shared

Broadband appliances
• Service accessed, information

shared by RF-ID
• Remote operation using a mobile

terminal with remote controller capability 

Overview of broadband appliances and refrigerator board demonstrations

Refrigerator board
• Shared information for

family using email
• Display mode tailored to display device

Information
Access

RF-ID: radio frequency identification

Fig. 5.   Demonstration at the Forum (2).



istics. In the demonstration at the forum, a multi-
modal interface permitted John to access the refriger-
ator board from a cell phone outside the house and
from a PC or personal terminal inside the house. The
system automatically converted the format and con-
tent of the same message to match the display capa-
bilities of the various networked devices.
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