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Abstract

As telecommunication undergoes a big wave of change from tele-
phone networks to IP networks, NTT’'s R&D must also adapt, rapidly
and responsively, so as to provide a sharp focus on business. At the
same time, there are research areas that must be pursued steadfastly,
unaffected by short-term changes. This article is based on the presen-

tation “NTT R&D Revolution”, given by Yuji Inoue, Senior Vice Pres-
ident, Executive Director of Department 111, NTT, at the NTT R&D

Forum in February 2004.

1. R&D revolution

There are two types of things: things that must
change and things that must not. NTT R&D has
embarked on acomprehensive reform, reviewing the
position of each issue on a scale bounded by these
two extremes. Some of those things that must change
are grouped under an umbrella of what we call
“NB5000!" This term stands for “New Business 500
billion yen'?”, implying that our R&D results must
contribute to yielding an annual revenue of 500 bil-
lion yen from new businesses. It is an expression of
our determination to reform ourselves and to be
always conscious of business objectives in all
processes of R&D. Thisarticle focuses mainly on our
approach to “revolution”, namely those items that
must change.

2. History of NTT'sR&D

NTT has a long history of R&D (Fig. 1). Up to
1985, when NTT was privatized, it had concentrated
on the internal development of telecommunications
technology. From that time on through 1999, when

*1 In Japanese, 500 billion yen iswritten as 5000 oku yen, where oku
is awidely used unit of quantity equal to 100 million.
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NTT underwent a major reorganization, NTT strove
to introduce the technology it had developed to the
global market. During these two periods, most of the
fruits of R&D were applied to network devices and
services provided by NTT or phones, faxes, and other
devices used by customers. Since, for a long time,
most of NTT's revenue had been derived from tele-
phone-related businesses, R& D resources were most-
ly expended on the development of new technology
that would reduce network costs, facilitate the expan-
sion of networks, or enhance network reliability, and
therewasasteady and successful flow of theseresults
to NTT’s businesses. In short, NTT's R&D was very
useful in supporting NTT’s business.

However, from 1995, when the world entered the
age of the Internet, the technology and products used
in telecommunications networks experienced a dra-
matic change. For example, the routers that play an
important role in the Internet were not developed by
NTT Laboratories. In fact, they are products mainly
from US vendors, such as Cisco Systems and Juniper
Networks. NTT now uses tens of thousands of them
in its IP networks. As this example clearly shows,
telecommunications technology has shifted to
become IP-based, and only global products are
employed in networks.

Asthis new eradawned, NTT R&D spent acouple
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Fig. 1. History of the NTT Group’s R&D activities over the last 30 years.

of years exploring where it should go. Recently, we
have finally begun to focus on two subjects. The first
is services based on optical networks. As we aim to
create aresonant communication environment, acon-
cept announced in November 2002, we will study the
best way to increase the use of FTTH by customers
and provide services that capitalize on its advantages
over ADSL in bi-directional communication. The
second is not to limit the application of our R&D
results to telecommunications alone but to contribute
to Japan'sindustry at large, by exploring awiderange
of applications. NB5000! was launched with the
intention of focusing on these two perspectives: ser-
vices based on optical networks and new businesses.

3. NB5000!

We have selected three principles for NB5000!:

I. Overcome the “Valley of Death” and create
new businesses

1. Provide solid technology to contribute to the
launching of new businesses

111. Providedisruptive technology, bornin Japan, to
lead the world

Specifically, we will press ahead within a frame-
work involving the following initiatives.
1. Launch a“Comprehensive Producer Function”
to facilitate the exploitation of R&D results
2. Share responsibilities between creators and
sellers of technology applications
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3. Divideresourcesevenly into those for commer-
cia development and those for core technology
development

4. Start initiatives to accelerate the conversion of
R&D resuitsinto business

First, the Comprehensive Producer Function, which
was announced in November 2002, was launched in
July 2003 as away of improving the exploitation of
R&D results. Second, while the conventional
approach to turning R& D resultsinto businesswasto
make the creator of atechnology also sell what he or
she has created, we have now clearly separated these
responsibilities into those of the creator and those of
the seller. Third, we have decided to allocate our
resources evenly between the core technology and the
commercial development of technology. We built the
2003 R&D plan based on this principle and were able
to proceed largely as planned. We will continuein a
similar way for the 2004 R&D plan. Finally, in pur-
suing business opportunities, wewill look bothinside
and outside the NTT Group to seek a variety of part-
nerships.

4. Comprehensive Producers

We launched this systemin July 2003 as ameans of
turning R& D results into business successfully (Fig.
2). Until then, each of the 12 Laboratories in NTT
independently carried out the series of processes
from R&D to business deployment, ranging from
research, through core technology development and
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commercial development, to collaboration with NTT
Group companies. This may have worked at the time
when it was possible to introduce devel oped technol-
ogy into the market without significant efforts at
adaptation. However, these days when we try to start
a business based on technology that we have devel-
oped, we usually find that something essential for full
implementation of the businessis missing. A mecha-
nism we have adopted to solve this problem is to
allow Laboratories to concentrate on R&D while
introducing a “producer” at the stage of commercia
development to facilitate the transfer to full business
deployment. Based on this principle, we have made
organizational changes and also modified the flow of

funds. When the stage of commercia development is
reached, a development project team is organized.
Team members are gathered from different Laborato-
ries, as appropriate. The project leader, called the
Director, isresponsiblefor the products. The Director
must put together products that satisfy the require-
ments, such as quality, cost, and deadline, put for-
ward by the producer.

The producer system is a mechanism for exploring
various possible applications and outputs from the
source of core technology developed by the Labora-
tories. The producer compares the Laboratory-devel-
oped core technology with that on the market and that
of competitors, analyzes market trends, takes into
consideration the needs of the operating companies,
looks for alternatives, and conducts marketing. After
assessing the core technology concerned from these
various perspectives, the producer proposes the
appropriate direction, for example developing abusi-
ness that will be integrated into those of the NTT
operating companies, creating a new business, or sell-
ing the technology outside NTT by forming alliances
with other companies. Of course, such a study may
not be completed by the producer alone. He or she
may choose to have in-depth discussions with ven-
dors, trading companies, or university staff.

The Comprehensive Producer Function is gradual-
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Fig. 2. Organization for commercialization since July 2003.
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ly gaining public recognition and has begun to be
reported in newspapers. We hope to use this mecha
nism to produce many successful outcomes and ulti-
mately achieve NB5000!

5. Themesunder the Comprehensive Producer
Function

Examples of ongoing themes placed under the
Comprehensive Producer Function are shown in Fig.
3. These themes are described below in some detail.

(1) Resonant communication

We have made various advances towards resonant
communication over the past year. For example, we
have succeeded in achieving realtime bi-directional
video communication between a FOMA (NTT
DoCoMo's 3-generation mobile phone service) and
a PC. To transform such individual activities into a
large business, NTT-Resonant Inc. was founded in
December 2003 and several producers were trans-
ferred therein order to bring resonant communication
services to reality. In addition, some 150 people,
mostly service developers in the Laboratories, are
being transferred to the new company in April 2004.
Itstotal staff of 600 is expected to nurture the various
business seeds produced in the Laboratories and see
them grow into avariety of real businesses.

(2) Devices

Recently, we have poured resources into optical
devices. As aresult, many world-class results have

been achieved in the areas of semiconductor laser
sources and light waveguides for telecommunica-
tions. We have drawn on this power to explore new
areas not yet covered by Blu-ray or other semicon-
ductor lasers and have succeeded in producing laser
light colored orange (589 nm), yellowish-green (560
nm), and green (546 nm) (Fig. 4) aswell as miniatur-
izing these devices. Business applications for laser
microscopes and nitrogen oxide measuring instru-
ments are being studied. Using similar technology,
we have also developed lasers at wavelengths much
longer than the visible spectrum. Business develop-

- Resonant communication
Realtime bi-directional video communication between
FOMA and PCs
Establishment of NTT-Resonant Inc.

- Devices
Compact lasers that generate specified arbitrary
wavelength light

- Environment and energy
Solar-powered mobile power source for
portable devices: Pocket Energy

- Business creation
Digital watermark: Cyber Squash
Vocal singing synthesis: Wonder HORN
New hologram memory: Info-MICA
High-quality MPEG-2 codec LSI: VASA and ISIL

Fig. 3. Examples of themes promoted under the
Comprehensive Producer Function.
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Fig. 4. Compact lasers generate light of any desired wavelength (Press-released on February 10, 2004).
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ment in this areais also considered.

(3) Environment and energy

The Pocket Energy device shown in Fig. 5 com-
bines a single solar cell with a battery and ultralow-
voltage-input booster technology. Normally, asingle
solar cell producesalow voltageof only 0.5V. There-
fore, if the requirement is 10 V, 20 cells must be con-
nected in series. A problem with this arrangement is
that, if asingle cell is damaged, the required voltage
cannot be produced.

NTT has a patent on ultralow-voltage-input booster
technology, which makes it possible to boost a volt-
age of 0.1 V efficiently up to 5-10 V. The Pocket
Energy device uses this patented technology. The
technology is applied to a wide-surface solar cell to
boost the cell voltageto the required level. Since only
asingle cell is used, damage to part of the cell may
lower the efficiency in proportion to the surface area
damaged, but the Pocket Energy device will still con-
tinue to produce the required voltage.

At first, weintuitively assumed that Pocket Energy
would find a wide range of users, and we decided to
target consumersfor itsfirst business application. We
asked large home appliance stores in Akihabara to
sell the product. However, our request was turned
down because Pocket Energy was deemed too expen-
sive for consumers. With the current technology, the
selling price cannot be reduced below 20,000 yen,
which meant that consumerswere not theright target.
So, our first attempt at finding a business application
for the first trial product in fiscal 2002 did not suc-
ceed.

After repeating similar failures and each time
reviewing the obstacles, the producer decided to tar-
get different users. The trial product in fiscal 2003
was designed for applicationsin power supplies used
during a disaster, mobile information terminals for
business use, and digital cameras. In particular, digi-

b

Solar cell

tal cameras are very widely used for recording the
progress in work at construction sites. Since they
have a high power consumption, there should be a
strong demand for Pocket Energy for this application.
Thus, targeting users who will buy the product even
at aprice above 20,000 yen, we developed a second
trial product and looked for sales channels. As a
result, NTT Advanced Technology Corporation will
to make sales. We will continue our research to
reduce the price so that eventually we will be able to
target the general consumer market.

This story shows that there may not be aquick and
simple solution to turning R& D results into business.
It also showsthat it was thanks to the Comprehensive
Producer Function that we finally succeeded.

(4) Business creation

Businesscreation is our endeavor to study how var-
ious R&D results from the Laboratories can be
applied to some form of business and how to select
the appropriate directions for commercial develop-
ments or business applications. Four specific exam-
ples are provided below to give an idea of the scope
of this endeavor.

The first example concerns digital watermarks.
While digital watermarking was initially considered
to bemainly applicable for copyright management, it
has found anew application in the advertising indus-
try. Digital watermarks are printed in journals, news-
paper, posters hung in trains, or other printed materi-
al. Thewatermark isnot visible and thus not intrusive
to viewers. However, when apart of the printed mate-
rid is photographed using adigital camerain acellu-
lar phone and sent to aserver using adedicated appli-
cation, secondary information relevant to the particu-
lar situation is sent back to the cellular phone. This
information may include a URL so that the user can
accessit with asingleclick to get more detailed infor-
mation. Thus, the user can receive detailed informa-

Maximum output power: 10 W
Charging capacity: 4.8 Wh
Dimensions/weight:

Solar cell: 150 x 91 x 22 mm, 200 g
Main unit: 98 x 61 x 14 mm, 83 g

Fig. 5. Solar-powered mobile power source for portable devices: Pocket Energy (Press-released on February 13, 2004).
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tion about something that interests him or her by sim-
ply taking apicture of an item of printed material and
sending it to a server via built-in wireless Internet
access without any need to type in complicated Web
addresses.

Watermarking is an extremely advanced technolo-
gy that can, without affecting image quality, be used
to embed certain numbers uniformly on a surface so
that the number can be identified from even an arbi-
trary section of the printed matter. After several stud-
ieslooking for business applications of this sophisti-
cated technology, a user-friendly application was
finally found: all the user needs to do to access the
information related to something on a piece of print-
ed material istake apicture.

The second example is “Wonder HORN". This is
an improvement over the HORN, which is technolo-
gy for synthesizing avariety of singing voicesfroma
database storing the singing voices of individual per-
sons. When any lyric and melody are entered, the
computer produces a realistic voice, as if the speci-
fied individual were actually singing. Thiswas press-
released in 2000. Wonder HORN allows even the
style of singing, such as the use of grace notes or
vibrato, to be adjusted. For example, the singing can
be made to take on the style of pop music or that of a
traditional Japanese ballad, allowing the singing to
become even more realistic. Wonder HORN can be
used to simulate a duet with a famous personality in
karaoke, to make a robot sing and dance, or to pro-

Price (yen)

“~~.._ Flash memory (SD)
D % 1GB:20,000 yen ', Handy size media of 1 GB have
. Mask ROM
10,000 ] <7 1 G8: 12,000 yen
300 Info-MICA: . MD: 650 MB: 50 yen

1/GB: 100 yen UMD: 1.8 GB: 100 yen

10/GB: 200 yen

been very expensive.

duce educational tools for music lessons.

The third example is “Info-MICA,” a new holo-
gram memory.

There is awide variety of recording media on the
market (Fig. 6). Discsthat cost lessthan 100 yen each
include CD, DVD, MD, and UMD (Universal Media
Disc), and these range from 6 to 12 cm in diameter.
There are more handy media, such as flash memory
and mask ROM, but they cost 10,000 to 20,000 yen
per gigabyte at present.

Info-MICA was developed in the belief that low-
cost and extremely small media would enjoy a high
demand. It is about the size of a postage stamp and is
made of plastic. The target price is around 100 yen
per GB, dropping eventually to the same price per 10
GB. Consisting of about 100 plastic layers pasted
together, Info-MICA isonly 2 mm thick. A hologram
pattern is printed on each layer. To read data, a laser
beam is directed from the side, and the hologram pat-
tern in each layer is read out and decoded into the
original data. The recorded content is extremely dif-
ficult to copy, which isideal for preventing counter-
feiting. Since the operating width of the laser needed
for recording and playing is around 2 mm, the same
asthe thickness of the Info-MICA itself, the drive for
Info-MICA can be extremely small and energy-effi-
cient.

Potential applications include the recording of
games software for sale and product demonstration
videos included in magazines. Since data readout is

CD: 650 MB: 20 yen
DVD: 4.7 GB: 50 yen

T T
Small Portable

(2.5cm x 2.5 cm) (diameter: 6 cm)

Large

(diameter: 12 cm) 2mm (thick)

Fig. 6. New hologram memory: Info-MICA (Press-released on February 12, 2004).
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not affected by smears on the surface, the Info-MICA
isparticularly suitable for handouts or other forms of
casual distribution. It is also environmentally friend-
ly: no metal is used so segregated disposal is easy, and
it can be easily dissolved for recycling. Currently,
great efforts are being made for commercial develop-
ment, including an attempt to make a rewritable ver-
sion of the Info-MICA, which is currently read-only.
To accelerate these efforts, NTT has an industry-uni-
versity joint program with Kyoto University and
other universities, along with participation by several
companies including materials vendors.

The last example | would like to share with you is
VASA and ISIL. NTT R&D has a long history of
studying video coding technology and is proud to
have made many contributions to the global standard-
ization of video coding, based on these studies.
Unfortunately, video coding technology has hardly
led directly to the creation of any new business.

VASA and ISIL, which are described below,
promiseto bethelight at theend of the tunnel. VASA
is a one-chip HDTV encoder and decoder. It is
designed for professional applications and is used by
NHK and other TV companiesto transmit digital pro-
grams between broadcasting stations.

In contrast, ISIL is a consumer LS, the size of a
coin. Yet it provides the high video quality of VASA.
ISIL isincorporated into a consumer high-definition
digital video camera (GR-HD1) supplied by Victor
Company of Japan. We are exploring various appli-
cations of this camera. One potential application
being studied is its use as a security camera. Usually,
when animage taken by aordinary security camerais
enlarged, aperson’'sfaceinit is substantially blurred.
However, an image taken by an HDTV camerausing
ISIL will be less blurred, so it should be possible for
an individual to be identified from his or her face in
therecorded video. Sinceinterest in crime prevention
has been rising lately, we expect a considerable
demand for this application.

Asillustrated by these four examples, the producers
look for various applications of the fruits of R&D,
have commercia products developed, and strive to
find business opportunities.

6. Approach to open source software

Another area where our approach departs from the
conventional flow of R&D is in the use of open
source software. Recently, various items of open
source software, such as Linux and PostgreSQL, have
begun to be widely used. NTT R&D is considering
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encouraging this trend in NTT's businesses. There
may be some misgivings about introducing current
open source software, asit is, into the large network
systems being operated by the NTT Group. In order
to remove this anxiety, we decided to participate in
the development of highly reliable (carrier-grade)
open source material. Specifically, we became a
member of the Open Source Development Labs
(OSDL) in February 2004. OSDL is a non-profit
organization, founded in December 2000, to promote
the use of Linux for enterprise computing. It has
facilitiesin Portland, Oregon, U.S.A. and Yokohama,

Japan.

NTT R&D plans to make full use of open source
software asthe basic OSfor the systemsit will devel-
op. Open source material will be employed in situa-
tions ranging from NTT's core systems to applica-
tions. Our objective is to work with &l others con-
cerned to devel op carrier-grade open source software
that will work without failure 24 hours a day, 7 days
aweek.

7. Activities of the Young Employees Committee

Another new approach we have adopted is the
establishment of the Young Employees Committeein
June 2003. Thisisamechanism for alowing younger
employees to manage projects without being shack-
led by research themes dictated from above. The
intention is to give the ideas of younger people full
play and thus help expand their abilities.

Theideas of young people are often not accepted by
older supervisors despite the fact that plenty of
today’s technology is related to the Web, PCs, and
cellular phones, for which only younger people can
produce bright ideas. The Committee's mission is to
takeadiscerning view of theseideas and support their
development. This role may be regarded as a modi-
fied, younger-generation version of the Comprehen-
sive Producer Function.

The Committee consists of seven members, who
are given authority and entrusted with the establish-
ment and management of projects. When an idea is
proposed by a young employee and approved by the
Committee, a budget is allocated and a project is
launched. Since the project is independent of the
organization to which the proposer belonged, he or
she can concentrate on the project without being con-
strained by his or her position or research theme in
the past organization.

Thisis an open, proposal-based mechanism to dis-
cover R&D themes in which younger people act as
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producers for the ideas of younger people. Already
six projects have been launched. At theinception of a
project, acommitment ismade asto the required bud-
get and thetarget date for accomplishment. The Com-
mittee monitors the progress of each project and pro-
vides assistance in the management of the project. No
external pressureis applied to the Committee. Every-
thing is left to the discretion of the Committee mem-
bers.

8. Leading-edge research, looking forward ten
yearsfrom now

As| said at the beginning of this article, thereisa
need for two opposing perspectives in the manage-
ment of R& D: thingsthat must change and thingsthat
must not. One of the latter is the pursuit of leading-
edge research. NTT R&D continues to set aside cer-
tain resources for thisarea.

Leading-edge research aims to overcome various
barriers (Fig. 7). In particular, crossing the barrier of
human senses is difficult. Our approach is therefore
to go inside the barrier, rather than crossing it, so we
mainly focus on analyzing how ahuman being'svisu-

Auditory
sense’
& Human Information
sense

al and auditory senses process information. We
believe that, by replacing these information process-
ing functions with computer tools, we will be able to
support human activities in various situations.

We are also working intensively on bio-nanotech-
nology. We expect that it will take ten years or so
before useful results are produced, but you may find
a computer running on bio-nanotechnology princi-
ples sitting on your desk 10 or 15 years from now.

9. Rolesof R&D

As described above, the principal roles of the R&D
carried out by the NTT Holding Company areto cre-
ate new businesses and maximize the synergy among
the NTT Group companies. As we continue trying
new approaches, we are determined to produce valu-
able and high-quality results through an appropriate
balance of what should change and what should not.
It is our sincere desire to increase the opportunities
for collaboration with parties both inside and outside
the NTT Group in order to bring together the
strengths of al parties concerned.

N

Barrier of security

Barrier of
language/culture

Continued development of resonant communication

I

Barrier of information volume ‘
Barrier of communication/

processing speed

Fig. 7. Leading-edge research looking ahead ten years from now.
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