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JRky T WA e B Sz
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Human Communication Media
H.HARASHIMA, T.NAEMURA,
T.TANAKA, T.OHTANI, K TAKAHASHI,
Y.KAKEHI and T.HASHIDA
AV a—F bW - FEHINEAR O T AT 4T
HMDNASEHELL, NEarBa—20BRIEIREE
booH D, T, RMEEROLER, HEHR
LA DB HRT A S BRI, =R R L
L7 - 7 —h - THA Y e S X Tx2—A, A
WCELWAT ¢ TEREE 2 POGENER Shd ok
STEZ, ZORTIE, TOBRBTHM, HHEE,
AT A THRIER DN EHOMEEZRT DL L bIT,
ANHFEED Tk a—~vraIa=lr—val AT 47
~ELHBEEBRAMITHRFTL TV A,
The interaction between human and computer has been
drastically changing to a new generation, as the
multi—-media technologies in which computers and

audio-visual technologies are  systematically
integrated have come into wide use. Moreover, many
other promising technologies, such as virtual reality
“Kansei” are making

and information processing,

rapid progress. Considering such a situation, we are
studying and investigating the future prospect,
technological problems, and the merits and demerits
of human communication media designed to be very

comfortable for the human.

2. RURAVASHTATAT 4T ERMEERM
DEIH
JRE - AT - SO R
Frontier of Next Generation Interactive Media
and Kansei Information Spaces
H. HARASHIMA, T. NAEMURA and R. SAKAI
ta—~vralia=lr—al AT 4 T7I2BWT, A
Eara—2&2 L 0EERBRE L TESELTLZ L
WBEETHD. 2, TORDOHEMRE L L HFET
B, KRBT, L9 ABIGOWBERICH DA 2T
T AT AT 4 TEREOEBIZANT T, A 47 x2—2A%
aArFUVEWNoTA— REBIOY 7 M ORE &
TR ORI AZ B LTV 5.
It is important to systematize the Human
communication media as the human in strong
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relation to the computer. To realize this, we
have many problems to be solved. In this work,
we are studying and investigating not only the
hardware but also the software such as the
and the
interactive media world. And also,

content for the Human
the aim of

this work is to combine these technologies and

interface

« -
create Kansei space.

3. BEOBEMER L MMEZRFSIE
JRky T WA
TATT Fx 73
Structural Representation and
Intelligent Coding of Image Sequences
H.HARASHIMA, T.NAEMURA,
and N.P.CHANDRASIRI

Mg a2 L E T2 NTF AT 4 TIERD &E THRIR
ALFRERE D EBLUZ[MT T, BRIE R ORER 725047 - 30
ik e BRTFEICET AR EED TV D, FRIT, B
R L LTz, ERHCRIEHERA AL - 583 287
TR BT R A BRI & 5 OV 1 C BRI 0 Sy R 47
AR — Y — o X T == 2A~DIE BT O A
EIToTWD.

In order to realize advanced and flexible visual
data processing, we are investigating methods for
structural analysis, description and synthesis of
image sequences. Taking facial image sequences as
special targets, novel techniques for real-time

analysis and extraction of facial expression
information are investigated. They are combined with
real time facial expression synthesis techniques for
building intelligent image coding applications and,

man—machine interfaces based on KANSEI interactions.

4. BEEBGUEBEREMEIZIa2Z=S—P3V
JRS e A R
TAUT Fx K72 -
RN 15
Facial Image Processing and
""Kansei'' Communication
H. HARASHIMA, T. NAEMURA,
N.P.CHANDRASIRI and T.NAKASU
ANOB - RIEPLHIED - FIRVIL, BMEMZRTA=
2a=—alyDERTHY, TOMEBILLOFER
AT ARBEVATIIBT Db a—~vr A ¥ T o—
ADRFIIRERA LRI N5 2500 THIND.
AT, EBRAET Ny Ea—F T TT v
ADFELZFEL T, B - REEBOHFIRY - FIRY E
BOEI 50T & GREITY, T, SEOLBEEE
BABLUT, #H - ZECHIEY - FIRVICEDEME=
2= =V a VBT NVEBET LI EEENE LTINS,
Fio, DEPERELEORFEEABUT [EY) 25



FER BT B OB AZ B L TV 5.

Since the facial expressions and gestures are the
basics of “Kansei” communication, the progress in
this technical field will promote the human interface
technologies in the future communication systems.
We are examining how to analyze and synthesize images
of facial expressions and gestures by utilizing the
techniques of image processing and computer graphics.
The aim of this work is to construct a “Kansei”
communication model in which the facial expressions
and gestures will play an important role by several
kinds of psychological experiments. We have also
opened up the new academic area of “Facial Studies”

in cooperation with psychologists and so on.

5. HEEREBE~MTL-ZHERORBHE - &
B - A8
AT fat - RS 1.
L I = N W= 1S I o1 S R S
H #— - Pham Viet Quoc * 2 [FE -
A HEN - ZRAR &R - LA Fnid
Light Field Processing
for Ultra-Realistic Communication
T. NAEMURA, H.HHARASHIMA,
K.TAKAHASHI, Y.KAKEHI, THASHIDA,
Y.TAGUCHI, P.V.QUOC, D. LEE, M. ISHII,
Y.MORIMOTO and K.YAMAMOTO
XV EERESEORE ECEEZEBT S0,
SWILZEMME R E G & LI ENMLERARTHD.
ARG T, BRSO ZE IS ITRTTE L7V TR
LR TR A K D ZERME R OIS - Rk - LB - AR
FEIZOWTOBRFZEEDTWD. BHiZ, LLTD X D 228k
TEIT-o TS,

(1) MRl FRICE T 2 & OB L Bmm iR R
(ZEEME MOIEAA PR 5

HATT LA %7828 R E ) oo 5 R AL R
(Video—Based Rendering, Al1-in Focus Light Field

Rendering, Dual Camera Array)

HAFGT VA AT TINTH NTT7 0% HD

7283 v A7 L (TransCATP)

BTIRL X7 LA ONFRE & B ZE2 M TE R D 3

AFf4LER  (LIFLET, Mc LIFLET, Dual LIFLET)

Computational Photography ®D7= D a[ZEE S 1L

A7 LA (Multi-Focal Compound Eye)

HARZEM OB FRAFFF Bk & Distributed Coding

BEERE AW ©F 3 A0 O N fEisk SRR
H Bt (Thermo—key, Thermosaic)

A Ea—2EYarEF0nH (Internet

Vision)

@)

(3)

(4)

(5)

(6)
(7)

(®)

For realizing recordings and transmissions of a

better sense of presence, it’s indispensable to
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advance research on 3-D spatial data processing. We
are now studying how to acquire and process 3-D
spatial data using a ray-based description that is
independent of the structure of 3-D space. Our main

research interests are in:

(1) Proposing a concept of ray-based description
(Theoretical study on the sampling of 3-D spatial
data)

(2) Real-time processing of dynamic spatial data

using a versatile camera array system

(3) Space sharing communication system using a

camera array and an integral photography

(4) Optical study of thousands of lenslets array

system, and real-time processing of 3-D spatial

data with this system

(5) Computational Photography using auto focus

liquid lenses

(6) View—dependent coding and distributed coding of

light fields

(7) Human region segmentation system from video

using thermal information and its applications

(8) Integration of Computer Vision Technologies

6. EEBREREARITLEHREN—Fv)Li#
ROMERT

RS . RS
il K - B - el -
/NI 5230 - AT IERT - KP B - KH B -
S OE - T
Combining Physical and Virtual Worlds
into Mixed Reality Environment
T. NAEMURA, HHARASHIMA,
K.TAKAHASHI, Y.KAKEHI, THASHIDA,
T.KOIKE, M.IWABUCHI, R.OGUCHI, M.OTA,
R.KISHI and TWADA
HWMAT 4 TIIANZWY B BRBE~LELLLO2OH 5.

AT, WAxDEETD TEMR) &, 32—

ZOHICEY HENT TA—F v LR | AR H

HEHRERE ORI, SFIERANFRK - IR

WLPR - BSRA T - RIEEIA VH T 2R T 4 AT

LA BB O EED T D, BRI FRo 7T —~

DETHND.

(1) 7=INRT A ATV ANBT DA ET I ay
TYA L L AT 4 77— MES~D R (Lumisight
Table, through the looking glass, Tablescape Plus,
UlteriorScape, ForceTile)
IARFLIRICHE DL T 4 AT LA FROB R & 4B
BT 0 A7 VA D3FEB (BROF display,
Semi—transparent Light Field Display)

(3) Wid & v F AJJFRE/REM T + A7 LA (LimpiDual

@)



Touch)

(4) A IE 7 e Y =7 X2 X % Display-Based
Computing DL L F D (EmiTable)

(6) JeTHIEET D 3 KITIIRT + A7 LA (Photonastic
Surface)

(6) EMR L M OIRTE % FWREIC T A& BLIR 22 M4
T4 A7 LA (i-ball)

() BICEWER LY LI 5 EMOETE

(Graphic Shadow)
(8) HEFW A AW EEFLOIEE (u-soul)

In these years, IT media is surrounding us more and
more. In this study, we research about various input
image composition,

devices, real-time processing

interactive interfaces, and displays toward
accomplishment of MR environment in which Real-World
where we live and Virtual-World made by computers are
combined naturally. The details of these researches

are as follows:

(1) Tabletop Interface and its application to Media
Art Works

(2) Ultra—realistic display based on light field
notation

(3) Interactive Limpid Display with Dual-Sided Touch
Sensing

(4) Visible light communication and Display-Based
Computing

(5) 3D shape display controlled by light

(6) Mixed reality display without eye glasses

(7) Transforming your shadow into colorful visual
media

(8) Enhancing real sound field by ultrasonic
wave

1. Toa)LarvTrYyRKRICAFERAIEXEA
VBRI —R

WA . JR T
il A - BEORER - fRE T
Fxr FI=7 - il 215 - Bk Bkl -
(EAE SR N EE R S IO R 67 S 4

Cultivating Creativity and

Designing Digital Content

T. NAEMURA, HHARASHIMA,

K. TAKAHASHI, Y.KAKEHI, THASHIDA
D.CHEN, T.NAKASU, Y.SEONG. K.INO,
H.TAKATA and J.KIM

AT 4 THIORRIZEY, 2RI T
UYHIRGFT R E IR LD L LTS, RIFSET
13, BRI E L THAEPRE G E O AT 1« 7 Hifrks
LTV ENa T oY ORIESRRT OMF & D T
W5, BRI TROT—~vRF T 6nd.
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(1) arEa—2 2 LIEERRIZE S AT L (Tempo

Primo, otoato)

A BT 4 TRBIBERIER S 2T 5 (NIGAO)
RNESHRIUA T 4 77 —J1 A4 & (HIVE)
BWaEX—|Z LT A4 7a /v A7 A (scentlog)
IS > MK DS kAE R (Pri/Pro)
OFTHEHMEIEH LIz EXRZ AL VT 2— R &
AT 47T — MES~DREB
Log-Log)
HHZEMERET A AT LB 5ar 7oy T
A > (United Points)

Metaverse ¥ A7 LIZEI1T D Augmented Virtuality

2)
(3)
4)
(5)
(6)

(Strino Leaves,

(1)

®)

With the development of media technologies, it has
become a significant issue to design digital content
technologies. We are investigating to realize
balanced design of media and content technologies
including acoustic sense and olfactory sense as well
as visual sense. The details of these researches are

as follows:

(1) Proposal of system for supporting musical
expressions by making use of players’ beat

(2) Interactive Facial Caricature Drawing System
using Genetic Algorithm

(3) Media art archiving system based on the concept
of creative commons

(4) Olfactory sensing for life—log application

(5) Multi-derivative platform for electrical
circuit units

(6) Strain—based user interface with tactile of
elastic natural objects

(7) Contents Design for Laser—-plasma Scanning 3D
Display

(8) Augmented Virtuality on Metaverse System
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ATV EAVTHFR MR—IXDIFHRLE
RGN, INRHEZ, T ¥ S VX T VNN, Ty o
—% A4V v=—7 v b, BHYFE, MR
Life Log: Multimedia Processing for Experiences
K.Aizawa, T.Yamasaki, G.C.Chaminda, K.Sawada,
W.Puangpakisiri, K.Hatada

YT T TN R L RIS O /N LA HE 2,
TIT T TN AT 4 T X0 A O KR % B HIF e
THIENARRIZRD. AO—E5 OGRS 2T
L RWEHIIICWRBIC R A 5. 2D, g Al
& LI REBIFEROPRI MR, BRI KE RBEIC
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ZOT =BG E B EZRF LT\ D. ARkx 2R To
TV T ERFLTND, 2R H AR— A TORE
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We are pioneering a new area that is life log. PCs and
medias being improved in their size and capacity. In not a
distant future, the entire life of a person will be able to be
recorded. Structuring and summarization of huge data of the
person's experience captured by various sensors such as video,
audio, GPS, acceleration sensors etc. has been investigated. In
order to index huge amount of video, data captured by various
sensors are used as the context information. Several different
cases are being investigated such as those captured by the
wearable devices, sensors in Ubiquitous Home. The human
activity analysis making use of his mobility, and leaf code for
new ID system were investigated.

2. 3 REBBO-HDIEHE, BWERIM
FREEEIS, (LIRERE, fRiEss, wAHE, RIME,
AT, ETE R, I
3D Video Compression and Indexing Techniques
K.Aizawa, T.Yamasaki, F.Xu, S.R.Han, T.Maeda,
N.S.Lee, D.Kasai, S.Nakagawa
FWMHRE3 Wk /77 4 v 0 ATV =0 b ELTRGIA
Lo R LT\ o, B RETHIUL, 3 RookHE
FTEHALEEIMNR 3 IRICBE D ERLTE 5. 3 IRockug
%, EETHY, A E2F737 747 THY, BHICHA
EERDHIENTESL. LnL, ZOFEHREIFFRKTR
KIWTEETADOT — A T EFNERETTHEH70
A < LWBARA 38R 2. ADBRZR ED 3
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We are investigating new technologies for archiving three
dimensional video. Three dimensional video is dynamic mesh
model with dynamic texture: moving three dimensional
objects are captured and modeled for real ones such as a
person. Differing from the conventional video, the three
dimensional video is manipulated in three dimension. It is real
and interactive: view can be easily changed arbitrarily. We are
intensively investigating techniques required for archiving a
of
segmentation, content-based retrieval, composition, extraction

number three  dimensional video: compression,

of structural data, motion tracking etc.

3. Web R—, CGV DE1{RNEE
FRERENG, LRfRE, s, ATEE
AR TAV AT
Image Processing for Web pages and CGV
K.Aizawa, T.Yamasaki, K.Nakahira, A.Maeda
Rene Teixeira

TH AR EHED Web DIFRTHD. EZAHN, TF
A MTHA, BBIEEL Vo THNEE Web 7 —4
OIFERLIITIEH SN THRY., (f A=V —FThH
THXAMEREZFALTND)  Web OBEfBOFIHS 0
IAHE BREGE T Db O MR, FEEOB&HS AW
HENTVD. % IS Web OEF A fE AN T
EDHZLEMA L. ZO—2L LT, Web =V DK,
R AZESSMROM L EDT-. LRy T2 A
NTBHZET, Web X—VOBBRBEATI VAT L%
MELT-.

E£72, YouTube (ZfREEND L 5T CGV 2o 7 —
Fy MZHSNTETNSD. CGV TR LT, MHiff i
BORENPLF—7 L — L5 IR T DV AT Lt L
7o
We are developing a new approach to Web information
processing. WWW information contains mainly text and
images. Texts have been analyzed and utilized for various
search engines, however, images have been rarely used.
Images in WWW widely range from logos, titles and natural
images. We are developing a new approach to Web data
processing by focusing on Images, which enables to
summarize and navigate Web contents in different way. Then,
we investigated “view based search” of Web pages, which
based on visual features of Web pages. Sketch interface was
made to input a simple sketch query to the system.

CGVs are exploding in internet as seen in YouTube. We
also investigated key frame extraction for summarization of
CGV.



4. &M, BBtV
FRTRTENE, REREZ, RS,
Fy 7 ARV, FERERAR
Sensing for People in Wide Area
K.Aizawa, T.Yamasaki, T.Miyaki
0.0zturk,Y.Nishioka

ZHOE A —DF Y b T =TI KD IR O H—
A F A ERF LTS, UYL X LAN I8
Xy MU= BRINCINBICER L, AWomt, B
WZOWTORFEEZED TN D, X2 VT 45 ET
2= AA L MNEHOY AT LEBIELTWS. & 5tk
TOTEE~D BN % W] 2 2 TBBF 2 HA#AAIs 20
THRF LTS, R LAN I L DAERHOOFAIC
DOVTHRF LTS, AERWICRE LTI —1 T
YAAAT TORBRETV, ANDBH, £=2Y7)E
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Sensing various activities in wide area by using a large
number of cameras is being investigated. A wireless LAN
network in wide area around the new campus has been
developed and a number of cameras are placed in the area.
Tracking, transimission are being investigated.

Wireless LAN is also used for the localization of the person.
Combination of Wireless LAN and visual tracking is being
investigated.

Experiments were done by using cameras set along a public
road. Tracking people, visualization of the tracking results and
retrieval based on location were investigated.

5. #IT2xH FR—IEBEFEHML
FRTRTENS, LR =
Object based Watermarking
K.Aizawa, T.Yamasaki

FT V=l FR—ADEFEN LIZOWTONIFE % it
O, WBNOREDOA TV =7 b ORBRERGEL TH
&T, A7 V=7 MERFEEZEEEL ATV, £D
FEIRICEFEN LA oiATe. G M HIT s L
TH AR N DIAL TR EEBR LT,

Object based wartermarking has been investigated. Making
use of low level features of an object region, the object is
detected and the watermark is detected. We demonstrated
robustness of our approach. Even if the nonlinear geometric
distortion is applied, the watermark is correctly recovered.
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Web Intelligence
M. ISHIZUKA

T - Ak oOFE L FOEE RS VT TARNT I T
¥R TE TV D WWW(Web) &, & 0 FIRMME D & B
L AR FTWERZERNC T 5 72D OHRERSBE O T A2 1T -
TW5. HEZ Web DT F A MIOEREZERL, 20T
FA MU FEICES ML ER > Tnd. Bl 5
B & LT, ¥—U— MhiE, E25chlE, B
FREEOHIYE, THF X FERE, THFA A =0Tk
mEZBEL TS, ZhbiliEo, HE LFREIC
B9~ PriE I O Web FrARfE A B L TR T 5 v 2
7 &, I Web ~— VO, Web NHELARA L R T
MEEIRMERZRY YT HERMIGE, Web 705 D A BIFR
Ty bU—74htt, Web fEMONEDLHEIE L AT 4, T2
EDOWFEZED TN D.

The World Wide Web (WWW or Web) is now an important
infrastructure for information/knowledge distribution and
sharing. In order to make the Web more valuable and more
friendly to us, we have been investigating and exploiting Web
intelligence functions. Specifically, we focus on the text
parts of the Web, and are aiming at the Web intelligence based
on text processing. As its basic technologies, we have
developed our methods for keyword extraction, important
sentence extraction, synonym extraction, text summarization,
text mining, etc. Based on these methods, we have carried
out, for example, the fallowing system developments. 1) A
system for summarizing new information appeared on the
Web associated with a set of given keywords, 2) A
summarization system of multiple Web pages, 3) Q&A system
for finding pin-pointed information from the Web, 4) An
extraction system of human network from the Web, and 5)
Systems for classification and recommendation of Web

information.

2. BAEETXFALOMBALICEDIRER
Web E g
REp S
Knowledge Representation/Inference Scheme
for a Next-generation Web Foundation
M. ISHIZUKA
LIRNZIE, @ik A LEIsetrE ORI HIZ T T, RNEa
TRHRABAET 2 2 & TH MRS T d 2 IR HE R,
TTEY v ar GEERMHER) ORI LR A U =X 2

{ii
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WZDOWTHFEL T&E 72, Z ZHMFIL, Web FOT H A |
AL LTIERT 2282 BIEL, BARSERIC
WETOHEMEB L, BET LRI OV T
ToTWD. KE, ERINZ LI Web Bz & LT
Semantic Web OHFFEBHIE BHEIT L TV B D, Fox 1Ml
BHE s L ZL ST B DA, HAROEKRE
% (Semantic Computing) FZHfflZ FE-3 < Yk AX Web AR D
e & EFRERE L A D TV D,

Previously, artificial

intelligence functions, on hypothetical reasoning or abduction,

we worked, toward advanced
especially on its fast inference mechanisms. In recent years,
we are working on a new knowledge representation and
inference scheme fitted to natural language expressions,
aiming to enable the advanced utilization of a huge volume of
The

development of the “Semantic Web” is progressing primarily

texts on the Web as knowledge. research and
in the US and Europe toward a next-generation Web
foundation. In cooperation with other organizations, we are
pushing, with an original viewpoint different from the
Semantic Web, our original approach based on the semantic
computing of natural-language texts, and making efforts to
standardize it internationally as a next-generation Web

foundation.

. HE@MMI—CIUbhETLFE-HIL-AT
147
A e B W
Life-like Agents and Multimodal Media
M. ISHIZUKA and H. DOHI

PR LY, HiERIGEMERE, REIE, ARELE AT O AEMmBT
—VxrbhE, INCEDZINTE=FIL - AT 4TI
BT 202EB%E 24T > T D, HIML THETH DA BT
JRCTEDHZEIZEY Web 2T Y BRI 728D
2, FRROSAFE—FLaLrF oY EHTHMMERT
DR EFRENEETH DD L DF 2, MPML (Mul timodal
Presentation Markup Language) DBEZ 247> C& T\ 5.
2O MPML (ZHFEOKEEZ AT D27 OREI BRI L
TW5. WML IZERANR T LT — 9 Uik, HilfE
Y=L LTHEATE, Y7 =T E2RHLTWD.
Web o7 Y a2 B LT 58— a ITINAT, 3T
VRML Z5fH], > FTA 7280, #EHEER, ta—~/
A FrRy NaERRET L=V a VBHEL TV D.
T—Vxr NOARER EOBLENS, TEXFA NGO
JEAER, HEET XA MO0V = AF v O HEAER,
B/ R—TTRXRAINLDOF AT a— (xtEE) OH@
RO HIT> TN D,

We are developing life-like agents with face, body, voice
communication capability, emotion and intelligence, and
Like
HTML has allowed many people to produce Web contents
thus expanded Web
tremendously, we consider that a common and easy-to-use

multimodal media systems using these life-like agents.

easily and information  space



description language is required for the multimodal contents,
and have been developing such a description language called
MPML  (Multimodal
MPML also serves as a core of integrating a variety of

Presentation Markup Language).

functionalities. It is provided as free software, and can be
used to describe and produce practical multimodal
presentations. In addition to its main version for Web

contents, other versions for 3D VRML space, Second-Life
space, mobile phones and humanoid robots are developed.
For enhancing the autonomy of the agents, we are also
studying on the topics of emotion extraction from text,
automatic gesture generation from speech text, and automatic
dialogue generation from monologue text.
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Control of Prosody in Flexible Speech Synthesis

K. Hirose, N. Minematsu, K. Ochi, and K. Innami
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Researches are being conducted to realize “flexible” speech
synthesis, where various speaking styles are possible, with a
special focus on prosody. A corpus-based method was
developed to control FO contours of speech in the framework
of generation process model, and emotional speech synthesis
was conducted to show method’s “flexibility.” We are now
trying to add rule-based control to the method to realize a new
style in speech synthesis without corpus. Similar work was
conducted on Chinese, and a new method of prosodic control
was realized, where intonation aspect was controlled rule-base,
Highly
natural synthetic speech was obtained. As a part of these

while tone aspect was controlled corpus-base.

works, methods of automatically extracting model parameters
from observed FO contours were developed for Japanese and
Chinese. Rules of word accent sandhi, indispensable for text
to speech conversion, were also investigated using a large text
corpus with accurate accent labeling, and a CRF-based
module for predicting the accent sandhi was developed with

increased consistency as compared to former modules.

2. ErARMEERH
MG - G - BT - HIE - T ) =a 4 N
T RT U AR - MEEAN - $RHEZ
High-Robustness Speech Recognition
N. Minematsu, K. Hirose, Y, Qiao, S. Asakawa, J.
Narino, R. Matsuura, K. Hosoda, and M. Suzuki
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Acoustic features in speech are easily and inevitably modified
by non-linguistic factors, such as age, gender, microphone etc.
These factors easily decrease speech recognition performance.
Considering the fact that humans can cope with this type of
modification very well, a novel speech representation was
proposed called structural representation of speech, where the
modification is effectively canceled. Conventional acoustic
modeling of speech focused on speech timbre but our
approach focuses only on timbre contrasts. Isolated word
defined
artificially as vowel sequences, showed that the proposed

recognition experiments, where words were
method can completely solve this modification problem.
Currently, we’re doing some recognition experiments with a
phoneme-balanced word set, including consonant sounds.
Some other projects are also running as for use of prosody in
speech recognition. Effective switching of language models

and verification of hypothesis generated in decoding.
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Development of User-friendly Spoken Dialogue
Systems
K. Hirose, N. Minematsu, S. Takada,
and T. Takahashi
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By applying speech
recognition ones, development of spoken dialogue systems are

synthesis techniques and speech
being conducted, where the generation of appropriate speech
response with high quality, efficient database search by using
focus of the dialogue were realized. Using these modules,
several spoken dialogue systems were constructed where
output speech was directly generated from the output concepts.
Also we are discussing two new functions; dynamic control of
system attributes according to users’ characteristics and
dialogue strategy for handling and

temporal spatial

information.  For the former, an automatic estimation
method of users’ age was developed based upon speaker
recognition techniques. Using this method, a dynamic
control of dialogue strategy of the system will be realized,
which can be often seen in human-to-human speech
communication. A new method of estimating users’ attitudes
is developed based upon the acoustic universal structure in
speech, which is recently proposed as a new acoustic
representation of speech sounds. As for the latter, to treat both
of temporal and spatial information well, adequate dialogue
strategy and prosodic control of the response generation are

investigated.
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Development of Language Learning CAIl Systems
Using Speech Technologies
N. Minematsu, K. Hirose, H. Hirano, D. Luo, M. Ma,
and M. Takazawa
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Advanced computer aided language learning systems have
been developed, in which accented pronunciation in foreign
language learners is automatically detected with instructions
for its correction using speech analysis, recognition and
synthesis techniques. Several systems and modules were
already developed, including:(1) An English learning system,
where a learner's utterance is time-aligned to a teacher's
then,
phoneme duration and others is pointed out with guides to

utterance, and, accented pronunciation on pitch,
correction. Corrected speech is also generated in his own
voice using PSOLA-based speech synthesis. (2) Automatic
assessment of a leaner’s shadowed utterances and its use for
automatic prediction of TOEIC score of that learner (3)
Recording or logging a history of pronunciation development
of individual learners, i.e. pronunciation portfolio (4)
Automatic identification on which part of pronunciation
should be corrected first for individual learners given a
specific model pronunciation (5) Automatic classification of
learners’ pronunciations irrespective of gender and age (6)
Creation of very motivating user-interfaces for CAl systems.
To build the systems, a large speech database of non-native
speech is required. In our study, a project of collecting
non-native speech is also carried out. Using this database,
error analysis of non-native speakers’ pronunciation,
Japanese-English, Chinese-Japanese, is conducted. Recently, a
project of automatic classification of Mandarin pronunciation
has started. Native Chinese learn Mandarin pronunciation as a
kind of foreign language and they naturally have some accents.
We are doing some experiments on automatic classification of

these accented Mandarin pronunciations.
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Blind Source Separation and Speech Enhancement

K. Hirose, N. Minematsu, Md. Kahdemul Islam
Molla, E. Deger, A. Rebordao, and M. Oka
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Separating component sources from their mixture comes a key
technology in speech recognition, acoustic scene analysis, etc.
We are conducting research works to realize such a
technology in severe conditions: when number of sources is
larger than their mixtures, and when no priori information is
available on the sources. As for the source separation form
one mixture, a method was developed, which views continuity
of acoustic features along time and frequency dimensions.
As for the separation from two mixtures, a beam-former was
developed, which searches the source direction using
frequency components less affected by environments, such as
room echo, etc. By introducing precise representation of
spectrum using independent component analysis and Hilbert
spectrum, empirical mode decomposition (EMD) of frequency
bands, etc., separation performance exceeding conventional

methods was accomplished. We are now targeting
separation of moving sources, aiming to apply the developed
methods for speech recognition.
a new and effective method was developed by introducing

EMD to the soft thresholding technique.
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The Acoustic Universal Structure in Speech and its

Extension
N. Minematsu, K. Hirose, Y. Qiao, S. Asakawa,
D. Saito, and M. Suzuki
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As for speech enhancement,
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Speech engineering is built based on acoustic phonetics,
where speech is often

represented by  spectrogram.

Spectrogram shows every aspect of speech: linguistic,
para-linguistic, and non-linguistic. It directly means that
spectrogram is very noisy
the

completely irrelevant for it. In this study, a new representation

representation for speech

recognition because non-linguistic information 1is
of speech is proposed, where there exists completely no
dimension to indicate the static non-linguistic information. In
a meaning, this study attempts to consider linguistics in the
domain of physics and acoustics. Speech events are captured
as distributions. Distance between two events is defined based
on information theory and every distance between any pair is
calculated. The resulting distance matrix forms a structure.
Some applications were already realized based on the new
representation, such as CALL, speech recognition, and speech
synthesis. This structural representation is based on a
mathematical fact that distribution to distribution distances are
invariant both in two spaces if the two spaces are mapped by
any kind of invertible function. This means that, if two spaces
of different media are mapped, the structural representation
can become a media-universal representation. We’re doing
some theoretical studies from this viewpoint.

1. BENOCDEEERETDRE
ZAREIA - IR - 7RO
Structure to speech conversion
N. Minematsu, K. Hirose, and D. Saito
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Infants acquire spoken language through imitating utterances
of their parents. In this case, however, they don’t imitate the



voices of the parents. This is a clear difference in the vocal
imitation between myna birds and infants. Since infants only
have very poor phonological awareness, they can hardly
decode an utterance into a sequence of sound symbols and
realize each of them acoustically using their mouths. Then,
what in the voices do infants imitate acoustically? Structural
representation of an utterance, which is speaker-invariant, is
one candidate answer to this seemingly easy but essentially
difficult question. The representation is considered to be able
to be obtained by removing embodiment features from a
speech stream and, by returning the features back to the
structure, it can be realized as a speech stream. This process
was implemented on machine and an utterance comprised of
only vowels , e.g, /eoiau/ was generated acoustically from its
corresponding structure. In this study, we’re proposing a
method of converting an abstract representation of speech into
speech sounds, which is very human-like.

8. FOBENLDEFAH
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Hand motions to speech motions

N. Minematsu, K. Hirose, Y. Qiao, and K. Kunikoshi
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To support the handicapped, especially for individuals with
articulation disorders, a special device for speech synthesis is
being developed. Normal speakers can generate speech
(dynamic change of timbre) by controlling articulatory organs,
such as tongue, larynx, pharynx, etc. This fact indicates that
physical motions are converted into timbre motions. We’re
developing a device which can convert hand motions into
timbre motions. This device can be realized by mapping a
space of hand motions and that of timbre motions. In our
study, GMM-based space mapping is used for that. Currently,
we’ve made a tentative device which converts the motions of
a data-glove into speech. This is considered as a kind of
musical instrument. Unlike conventional speech synthesizers,
the developed synthesizer takes analogue motion signals as
input and generates speech motions as output.
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Geometrical analysis of speech features to extract

speaker’s individuality

N. Minematsu, K. Hirose, D. Saito, and T. Kamada
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In this study,
representing speaker’s individuality, especially length of the

we’re proposing new speech features
vocal tract. Here, the angle of a speech stream in a parameter
(cepstrum) space is focused on. In speech recognition research,
to normalize the vocal tract length of a speaker, a certain form
of matrix is often used. We found that this matrix has a very
strong function of rotating cepstrum vectors. For example, an
utterance of an adult and that of a child will have an angular
difference of 90 degree. This analysis method is very unique
because, conventionally, speaker’s information was always
extracted from spectrum slices (formant positions). The
cepstrum rotation can be decomposed into the rotations in
subspaces because the dimension of a speech feature space is
very high. Currently, we are carrying out some experimental
investigation of which subspace will have what kind of
function in controlling speaker’s individuality.



WX - EE—E (2007 £E)
Publications List

WV, ROMEY, RS R OME R
GUTIES < SRR HE OGBS, " &
& 8 {8 % = @ X EE,  vol. J90-D,
pp. 1249-1262 (2007).

I\ARHTE], mHEw, R, SRER: 98
RNEFRFEY AT A~OBUSEH BRI HED
ISEEMFIHEO TR L Z O, 7 FRLEY:
2FHICEE, vol. 48, no.9, pp.3300-3308 (2007).
B, IAREEE, MMEFHE, LEE, =G
W, MCiEE, MEER: <3 — "2 HAGEZD
72D DEREEIR « TEREFR AT B L REE OB %
LEFoHH,” BARERZ, vol.22, no. 10,
pp. 101-123 (2007).

M. K. I. Molla and K. Hirose:
prediction of speech signals with adaptive order

no. b,

“Mutiband linear

using empirical mode decomposition,” Journal of
Signal Processing, Vol.11, No.6, pp.471-479 (2007).

M. Watanabe, K. Hirose, Y. Den, and N. Minematsu:
“Filled pauses as cues to the complexity of upcoming
phrases for native and non-native listeners,” Speech
Communication, vol.50, pp.81-94 (2008).

K. Hirose: “Speech prosody in spoken language
technologies,” Journal of Signal Processing, Vol.12,
No.1, pp.7-16 (2008) <Invited>.

EMETR, ZERMEE, REEGE: EEOMIEN
RBPIZIES BARFEIMSI B ERINE R E LT
RS, BT BOR(E R EROGE, vol. J91-A,
no. 2, pp. 181-191 (2008).

T. Kamada, N. Minematsu, T. Osanai, H. Makinae,
and M. Tanimoto: “Speaker verification in realistic
noisy environment in forensic science,” Trans. IEICE,
vol.LE91-D, no.3, pp.558-566 (2008).

E PR R

(9]

N. Minematsu, K. Sakuraba, and T. Nishimura:
“Development of a spoken word recognizer without
phonemic awareness --Is this machine a Dyslexia
simulator?--,” Proc. The 2nd Riken Brain Science
and Oxford-Kobe
Symposium --Reading and Dyslexia in Different
Languages--, pp.49-51 (2007) .

Institute Joint International

[10] N. Minematsu, K. Maruyama, K. Sakuraba, K. Hirose,

N. Tayama, S. Imaizumi, and T. Yamauchi:
“Development of a femininity estimator using speaker
recognition techniques for voice therapy of gender

identity disorder clients,” Proc. Int. Conf. Acoustics,

47

[11]

[12]

[13]

[14]

[20]

[21]

Speech, & Signal Processing (ICASSP'2007), vol.IV,
pp-297-300 (2007).

C. Chiang, X. Wang, Y. Liao, Y. Wang, S. Chen, and K.
“Latent
mandarin speech,” Proc. Int. Conf. Acoustics, Speech,
& Signal Procesing (ICASSP’2007), vol.lV,
pp-625-628 (2007).

K. Sawamura, J. Dang, M. Akagi, D. Erickson, A. Li,
K. Sakuraba,
“Common factors in emotion perception among

Hirose: prosody model of continuous

N. Minematsu, and K. Hirose:
different cultures,” Proc. Int. Congress on Phonetic
Sciences, pp. 2113-2116 (2007).

Q. Sun, K. Hirose, and N. Minematsu: “Two-step
generation of Mandarin FO contours based on tone
nucleus and superpositional models,” Proc. ISCA
Workshop on Speech Synthesis, p.154-159 (2007).

N. Minematsu, R. Kuroiwa, and K. Hirose:
“CRF-based statistical learning of Japanese accent
sandhi
synthesis systems,” Proc. ISCA Workshop on Speech

Synthesis, pp.148-153 (2007).
S.  Asakawa, and K. Hirose:

“Automatic recognition of connected vowels only

for developing Japanese text-to-speech

N. Minematsu,
using speaker-invariant representation of speech

dynamics,” Proc. INTERSPEECH, pp.890-893
(2007).

N. Minematsu, K. Kamata, S. Asakawa, T. Makino, T.
Nishimura, and K. Hirose: “Structural assessment of
language learners' pronunciation,” Proc.
INTERSPEECH, pp.210-213 (2007).

E. Deger, M. K. 1. Molla, K. Hirose, N. Minematsu,
and M. K. Hasan: “EMD based soft-thresholding for
speech enhancement,” Proc. INTERSPEECH, pp.

810-813 (2007).

M. K. I. Molla, K. Hirose, N. Minematsu, and M. K.
Hasan: “Pitch estimation of noisy speech signals using
Empirical Mode Decomposition,”
INTERSPEECH, pp.1645-1648 (2007).

M. Watanabe, Y. Den, K. Hirose, S. Miwa, and N.
Minematsu: “Features of pauses and conjunctions at

Proc.

syntactic and discourse boundaries in Japanese

monologues,” Proc. INTERSPEECH, pp.118-121
(2007).
K. Hirose, K. Ochi, and N. Minematsu:

“Corpus-based generation of prosodic features from
text based on generation process model,” Proc.
INTERSPEECH, pp.1274-1277 (2007).

S. Takada, Y. Yagi, K. Hirose, and N. Minematsu: “A
framework of reply
concept-to-speech conversion in spoken dialogue

speech  generation  for



[22]

(23]

(24]

[25]

[26]

(27]

(28]

[29]

[30]

(31]

systems,”  Proc.
(2007).
H. Hirano, K. Hirose, G. Kawai, W. Gu, and N.

Minematsu: “FO models show Chinese speakers of

INTERSPEECH, pp.1286-1289

Japanese insert intonational boundaries and drop
pitch,” Proc. INTERSPEECH, pp.1885-1888 (2007).
E. Deger, M. K. I. Molla, K. Hirose, N. Minematsu,
and M. K. Hasan: “Speech enhancement using soft
with  DCT-EMD  based hybrid
algorithm,” Proc. European Signal Processing
Conference (EUSIPCO'07), pp.75-79 (2007).

thresholding

N. Minematsu: “Are learners myna birds to the
averated distributions of native speakers? -- a note of

warning from a serious speech engineer --,” Proc.
ISCA Tutorial and Research Workshop on Speech and
Language Technology in Education (SLaTE),

CD-ROM (2007).

N. Minematsu, K. Kamata, S. Asakawa, T. Makino,
and K. Hirose: “Structural representation of the
pronunciation and its use for classifying Japanese
ISCA Tutorial and
Research Workshop on Speech and Language
Technology in Education (SLaTE), CD-ROM (2007).

Y. Qiao, S. Asakawa, N. Minematsu: “Random
discriminant structure analysis for continous Japanese
Int. Workshop
Automatic Speech Recognition and Understanding
(ASRU'07), pp.576-581 (2007).

Keikichi Hirose: “Researches on speech prosody for
Int.
Symposium on Frontiers of Research on Speech and
Music (FRSM-2008), Kolkata, 20-21
pp.40-45 (2008) <Invited>.

learners of English,” Proc.

vowel recognition,” Proc. on

advanced spoken language technologies,” Proc.

February,

Q. Sun, K. Hirose, N. Minematsu: “Improved tone
component prediction of tone nucleus for FO contour
generation of Mandarin speech,” Proc. Int. Workshop
on Nonlinear Circuits
pp.112-115 (2008).

M. K. 1. Molla, K. Hirose, N. Minematsu, M. K.
Hasan: “A multiband approach for voiced/unvoiced

and Signal Processing,

discrimination of speech signals,” Proc. Int. Workshop
on Nonlinear Circuits
pp-323-326 (2008).

E. Deger, M. K. 1. Molla, K. Hirose, N. Minematsu:
“Hard and soft thresholding with EMD for speech
enhancement,” Proc. Int. Workshop on Nonlinear
Circuits and Signal Processing, pp.232-235 (2008).

A. Rebordao, M. K. I. Molla, K. Hirose, N.
Minematsu: “An adaptive speech denoising system

and Signal Processing,

based on ICA and voice activity detection,” Proc. Int.

48

[32]

— D
bl 1)

[34]

ISR
WI:.\ER -

[35]

SURDIL - RE -

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Workshop on Nonlinear Circuits

Processing, pp.228-231 (2008).

N. Minematsu: “Speech as music --Yet another
ESF-JSPS
for Young

and Signal

framework for speech recognition,”

Frontier Science Conference Series
Researchers -- Experimental Cognitive Robotics --

(2008) <Invited>.

N. Minematsu and K. Sakuraba: “Development of a
femininity estimator for voice therapy of gender
identity disorder clients,” in "Speaker Classification
11", LNAI4441, pp.22-33, Springer (2007).

N. Minematsu and T. Nishimura: “Consideration of
infants' vocal imitation through modeling speech as
timbre-based melody,” in New Frontiers in Artificial
Intelligence, LNAI4914, pp.26-39, Springer (2008).

FR S5 AR 3L

FIMEY: R (SRS R L CHET 5
FEBERILE] b1 >T,” BAFBYRHE
63 % 7 %5, pp. 363-364 (2007).

REFHER

N. Minematsu: “Speech as multi-dimenaional
music,” Seminar talk at University College of
London (2007) <Invited>.

THEW, P, EREP, RS “Hi%k
it& 7 725 ) U I X D8RG RN DA
Ny MERRE, BT EREETFSE RS,
SP2007-12, pp. 25-30 (2007).

EMEW, BEMZEF “LRICERE LTOE
FET Y 7L EFERL, . ATARTSRER
EIBIEEROUEE, 1F2-3, pp. 1-4 (2007).
EANMEW, VNS, IR, BTN, R
Kifi: “BEFRFN O REw~ ~BENPOADLE
FIERAELA~ DR ~, ” HRAH TR E S5
FERAFRRFZES, 2007-SLP-67-14, pp. 75-80
(2007) .

EANMEW, VNS, BERT, IR, Gk
Kifi: I F[HIZ2MNT/ &/ EFRET DHEE
IIEFSRBICNEN?,” BTN REETaES
g4, SP2007-30, pp.37-42 (2007).

S, IR, E2MEN, BErRE, SRS
CEEFENC X D KFERE G ISR D Mk R ATG
AR BRI O AE AT, 7 B EHREBE T
FHEHFZESs, SP2007-36, pp. 73-78 (2007).

E. Deger, M. K. I. Molla, K. Hirose, and N.

Minematsu: “DCT-EMD based hybrid



[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

soft-thresholding technique with a sub-band approach
for speech enhancement,” IEICE Technical Report,
SP2007-58, pp.7-12 (2007).
—WwELE, RWURT, EEW, LRNE: <t
BOEFRTT 4= Ny 7T L RFEREHE Y
AT L7 AAREFBERKT G R, 1-2-4,
pp. 491-492 (2007).
PemE, SR, =mEH, BOrRE, RS S:
B OMEHRGUIES E/EEHEDOR
FEEEAL, ” AATEARKFMGR UE, 2-4-3,
pp. 327-330 (2007).
TERERES, WA, ERMEWR, REES: “&5F
DIEIENRGE AN L Lo B FA RISk 2 5
WERIRRRS, . AARST B PR FEIGH R, 1-P-2,
pp. 399-402 (2007)
EREREE, W, ERMEW, RS AT
TA LT LOFERKFIECET 2 FZRR
w7 AR E R SRR G R U, 3-3-13,
pp. 169-170 (2007).
R, JNWUES, EREW, MR <2 —
PR - FNFk % B 8 L 7o TG AR 28 75 k5
VAT LOWEE,” AARFEFLKT R UE,
2-3-7, pp.72-72 (2007).
TATEAL, FUIA, SAAMEW, RS <R
HHKERE> 7 72XV Ik DS OH
B/ AT—var,” ARFEEAYIERR
SCHE, 3-4-4, pp. 353-356 (2007).
TS, ZEEW, RS “FFOMENR
Lh AW B F R BT DRI 22 o E &
ZORE, BT 2 KT A S
3-Q-10, pp. 229-232 (2007).
FRESHE, RS, ZREW: FMEET LV E
N T2 HEE TR O W R, ” ARG EES
FREEF R SUSE, 3-4-14, pp. 377-380 (2007).
VPRS-, IR, AR, BOCE, FEE:
RGBT T S ED KRR & PIEREREE
D AAFETEE OB RS — > D
W, 7 AAREFEASKTREGRSUE, 2-4-4,
pp. 331-332 (2007).
T, FRRERHE, ZinEW, RS &: <7
TV ATERRE ISR 2 RO, AAEE
PRGN R, 7 1-2-7, pp. 497-498
(2007).
ZIMEY, PANZE T, BERCE, FUIE: I
MEZBWTEBRETE 2NTEFSFHE
M2 ,” AAFFEEREFERRETHE,
pp. 135-140 (2007).
NI, AR =mEW, REEE: <A
ANFEEDT TV AFERREOET VE R

49

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

fiiRe DA, AAE
pp. 153-157 (2007)

$RRERETHLE,

N. Minematsu: “Are learners myna birds to the
averaged distirbution of native speaker? -- A new
framework for CALL --,” Seminar talk at University
of Science and Technology of China (2007) <Invited>.

N. Minematsu: “From fragile substances to robust
contrasts -- Yet another framework for speech
recognition --,” Seminar talk at Microsoft Research
Asia and Institute of Linguistics, Chinese Academy of
Social Sciences (2007) <Invited>.

FREEHE, JLWUEE, ZEARER: < ERRAAE B
By — 0 2 BEFREGRTTTE & FeR AR BRI, »
TSR R EFIRL, SP2007-TT,

pp. 37-42 (2007).

B S, RS, EER CHRAE RN
H— U ERGRRET ML E ST HF R D
D A=/ SAN— AR, B EBEETR
BTAEAFFES, SP2007-78, pp. 43-48 (2007).
AR, WA, ZMEE, RS MEe
RGO OF F AR 2 I RE, ” &1
T Wam(E 2 & IS, SP2007-80, pp. 55-60
(2007).

Y. Qiao, S. Asakawa, and N. Minematsu: “Recogntion
of connected Japanese vowel utterances using random
discriminant structure analysis,” IEICE Technical
Report, SP2007-89, pp.19-24 (2007).

Y. Qiao, N. Shimomura, and N. Minematsu: “Toward
optimal unsupervised phoneme segmentation -- a
theoretical and experimental investigation --,” IEICE
Technical Report, SP2007-123, pp.161-166 (2007).
TR, AR, W, ZEH, RS S:
U7 A LT AOFERBFIEICET D R
R EFHBEREREFFRS,
SP2007-128, pp. 189-194 (2007).

THEW, Z=REH, WA, KL <R b
LT T AZ) TNy y R—A
JEROBBRE,” EIERIBESESEFIE
2, SP2007-212, pp. 151-156 (2008).

Y. Qiao and N. Minematsu: “Unsupervised phoneme
segmentation using Mahalanobis distance,” IEICE
Technical Report, SP2007-198, pp.69-74 (2008).

Juan Pablo Narino M, K. Hirose, N. Minematsu:
“Improvements to acoustic modeling using Hidden
Conditional Random Fields for automatic speech
recognition,” Proc. Spring Meeting of Acoust. Soc.
Japan, 2-10-3, pp.71-72 (2008).

TY - FVx N, ERUEE, ERMER S
BERZFHE LM EHET VO LS %=



[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

— SO, " ARG BRI,
3-10-17, pp. 125-126 (2008).

Y. Qiao, N.
“Unsupervised

Shimomura, N. Minematsu:

phoneme  segmentation  using
transformed cepstrum features,” Proc. Spring Meeting
of Acoust. Soc. Japan, 1-11-20, pp.287-290 (2008).
R, HHE, TR, JUIGE, SREE,
B EZ, RS S KPR IGRFEH 25
& LB A OB RRITHE S < FEEFRHE & <
DI, AATELFFREGRCE, 3-10-12,
pp. 489-492 (2008).

NI, FRERH, ZEM, Rl E: <7
T URTERREDON T T —HEDOER, 7 HA
FOE R S, 3-7-2, pp. 501-502
(2008).

FREEEE, JRWUEE, EAMEN: IREREEES S
B AT AOWE, " BAT B RAEFMIG
SCHE, 3-Q-13, pp. 401-402 (2008).

B 7, R &, =EW SRS
S —ERBRET NS 3 — R AR— 2
FRAEHIENC 31T 2 BRI, > A AREBARRT
GRS, 2-11-14, pp. 369-370 (2008).

A. Rebordao, M. K. Islam Molla, K. Hirose, N.
Minematsu: “A speech denoising system based on
ICA and voice activity detection,” Proc. Spring
Meeting of Acoust. Soc. Japan, 3-Q-7, pp.389-390
(2008).

ERERHE, W, ERMEE, REEE: W
IRRD D OFEFARICBIT 5 FBEMER O
AL, 7 AR BRI, 3-0-16
pp. 407-410 (2008).

TR, FAHE, SRmEE, I, =nEH,
RS S . “r 7 A N T AOFERKFMEC
D ERAIINT L ZDISH, ” ARG B ERRTE
THASCEE, 1-Q-19, pp. 201-204 (2008).

P, mBEE, JYIE, 20nEH, BrRE,
JEWRRE & E P OREIE R RICE D RS
SINTRE R DOBACIT X9 2 — B4, 7 AAGTESE
DERZER CE, 3-Q-23, pp. 425-426 (2008).
FlIFg 46, MREmT, Z2REW, KEZKS:
“CRF Z W=7 7 & v MERLBICH T 5780
GINT L EDOYRITIANT 2B L, " BAREEERR
ZRTE M CEE, 3-Q-18, pp. 413-414 (2008).
THE, =REH, LNE, &, P, R
WS B L7 AT —va v EHWE
VX R—A 7 EFO BRI B D FEERAY
RS, ” ARG BRI HEG CE, 3-10-10,
pp. 483486 (2008).

B EZ, WWUE S, =E0: “SHLSESF
PRI DR AR LT 4 7 —

50

[79]

[80]

[81]

H,” AR ESFIREGRCE, 3-10-20,
pp. 133-134 (2008)
S, EERE, TR, BIE, 2RMEH,

MR EZ, RS S: “KRBEERGEFEE & 55
LT EFOMENRRIZESSBESELEE
DIGH, 7 ERAAE S ERKSHEE, 271-6,
pp. 275-276 (2008)

FImE4h, UM, EREH, REZEE:
“CRF 1225 77 vy MERTHET VIZEBT
DT —RET,” SR ESERKEEE R
£ pp. 969-972 (2008).

BUER T, ZMEH, WS, Bl =8, 4%
W, IUNEBIE: “MtF ORA 2T E—IB 1T 5L
DIEFI OB 4348, PER—EEERSF R RS
(2008).



MAMRE
Sugimoto Laboratory
(http://www. itl.u-tokyo. ac. jp)

MRER

Current Research Projects

1. Ea—vrARy b(2235923Y
A HER, M —5h, X4 v =,
F & M. Siriborvornratanakul Thitirat,
GHiE R, & WV, V=2 97 bov
Human Robot Interaction
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We have been developing a remote control technique for
multi-robots that allows a user to control them from his
viewpoint. By capturing an image of robots with a camera
mounted on a mobile phone and moving it in a three
dimensional space, a user can intuitively control the robots as
he would intend.

We have also developed a system called CoOGAME, that
allows users to interact with a robot using a handheld
projector. The idea of CoGAME is from a novel concept
called “Manipulation by Projection”. We have evaluated the
concept and the system, and been exploring possibilities for
new applications.

In order to make any surface projectable through a handheld
projector, a novel technique for adaptive projection in

cluttered environments.
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A MR, PPN RE—RR, /R R
Tulathimutte Kan, /& ¥, i %,
g R, M
Mobile and Ubiquitous Computing
M. SUGIMOTO, Y. TAKEUCHI, TKOHAMA,
K. TULATHIMUTTE, T.SATO, THARA, T.ITO,
H.HASHIZUME
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In this study, we develop a location-aware system for
supporting users. We use mobile devices (PDAs) with GPS
receivers. In order to support users appropriately based on
their context, the system records users behavior outdoors. The
system then provides users with recommendation for their
next action or useful information, by considering the
similarity between multiple users past behaviors with a
collaborative filtering method. We evaluate the system in a
real world and discuss its effects. Through these experiences,
we propose a framework called “Life adaptive computing” for
supporting individual users by making computers observing
users’  daily lives and provide users with services in a
contextualized manner.

We also develop an innovative technology for detecting
relative positions and orientations among multiple devices by
using ultrasonic communication. The experiment proved that
the proposed technique called "phase accordance method"
could show remarkable performance: less than 0.3 mm errors
in three meter distance measurements and less than 0.5 degree
errors in the zero, ten, twenty, and thirty degree measurements.
The technology has been applied to a robot tracking system.
Another study related to positioning techniques is a WiFi
based positioning system. Our proposed system uses a TOA
(Time of Arrival) method and shows the same or better
accuracy level than existing systems.
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In this study, a system for supporting cooperative problem
solving has been developed. In order to support cooperative
problem solving, it is important not only to allow a group of
users to share work processes among them, but also assist
individual users to enhance their own thinking. The proposed
system in this study seamlessly integrates a personal space on
PDAs (Personal Digital Assistants) and a shared space on a
sensing board. We use augmented reality technology and
create the immersive shared space by overlaying a virtual
world on a real world. PDAs are used for sharing personal
activities on a personal space among other users, and utilizing
results of group activities on the shared space.

We have also been developing a tactile interface technology
by utilizing vibration motors whose strength and frequency of
the vibration are controllable. The technology is used in a
music class in an elementary school, in order to support
children in performing musical instruments in an ensemble
setting. We have also developed and evaluated a system
called SketchMap that integrates outdoor and classroom

learning..
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We
architectures from the points of controllability and operations

are investigating new communication system

to realize new communication services or ubiquitous
networking / computing environments. Our recent activities
include user-based distributed private storage for mobile
terminals, communication quality analysis of 3G mobile for
high speed trains, private IP overlay networking technologies
for wide area Ethernet, network management architecture for

next generation networks.
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Yoshihiro Kawahara, Tohru Asami
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context-awareness increases, as ICT technologies mature.

Importance fundamental technologies about
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Context-awareness is the idea to provide user-centric and

flexible network services based on wuser’s objective,

We work
on user activity recognition technologies based on sensing

preference, place, and status of peripheral devices.

technologies, survey on energy harvesting technologies for

sensors, and a rendezvous-based service composition
mechanism which allows users to create a mash-up services
with distributed resources. To survey the requirements as well
as feasibilities of context-aware technologies, we also develop
practical applications such as an estimating method of all-day

energy expenditure by a cell-phone.

WX - EE—E (2007 F£E)
Publications List

EFR &R

[1] Y. Kawahara, H. Endo, and T. Asami: A Key
Generation Scheme of Self-Encryption Based Mobile
Distributed Storage System, The 6th International
Workshop on Wireless Information Systems (WIS 2007),
Funchal, Madeira - Portugal, (2007).

Y. Kawahara, M. Ozawa, N. Kawanishi, and H.
Morikawa: A Sensor and Actuator Proxy for Creating
Context-aware  Applications, Fourth International
Conference on Networked Sensing Systems (INSS2007),
Braunschweig, Germany, (2007).

Y. Kawahara, N. Kawanishi, M. Ozawa, H. Morikawa,
and T. Asami: Designing a Framework for Scalable
Coordination of Wireless Sensor Networks, Context
Information and Web Services, IEEE 7th International
Workshop on Wearable Computing and Smart
Appliances TWSAWC 2007), 0-7695-2838-4/07 (2007).

Y. Kawahara, H. Morikawa, and T. Aoyama: Intelligent
Interface Systems Utilizing User Context, International
Conference on Machine Learning and Cybernetics 2007
(ICMLC 2007), pp.2119-2124(2007).

P. Poupyrev, P. Davis, Y. Kawahara, and H. Morikawa:
Compact Data Format for Advertising and Discovery in
Ubiquitous Networks, International Symposium on
Ubiquitous Computing Systems (UCS 2007), Akihabara,
Japan, pp. 290-297 (2007).

[6] L. Wang, Y. Kawahara, and T. Asami: “An Electrical
Field Intensity Survey in Tokyo,” Fourth International
Symposium on Ubiquitous Computing Systems (UCS
2007), (2007).

M. Ozawa, Y. Kawahara, N. Kawanishi, and H.

Morikawa: ” A User Posture Inference Scheme for
Resource Limited Microprocessors ” in proceedings of
International Symposium on Ubiquitous Computing

Systems (UCS 2007), Akihabara, Japan (2007).



DURCOL - AER -

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

RKEFEHRK

ANE B, IV L, IR B, R 2 EIR
HIT S ANZE T B 3EINEEE = > & Vo &
B T, RS RRE, 2% 4 2o
YV a—F 4TV AT A S, UBI-16-10,
(2007).

AL I ESE R > b T — 7 HRRRR T e v
=27 F ~ VAT AL AT ~, FFHEH,
PN2007-21, pp.1-6(2007).

Le Na BUI,
Overlayed Private IP Address Networks over Wide Area
Ethernet, 1558, 1A2007-37, pp.39-44 (2007).
TEIERCHE, IR, AR P2P 97 7 A VI
HEEEIEH L H O S LIBEIC L 7 T4 ~X— |
A b L=, ZEHR, 1A2007-38, pp.45-50 (2007).
i KR IR B, BR e B RS RIEIcE
SRE T 7 A NVEREEEFRICET 5K
&, 5% YK, B-7-17,(2007).

Z= R, R =1, ER e BedigkE T o 3G B
EAEFICBT 537 v MBELEICOWT, 5%
YK, B-7-49,(2007).

L. Bui, Y. Kawahara, T. Asami: Overlay Private IP
Address Networks over Ethernet,” 5% K, B-7-82,
(2007).

A B3E, IR E=, R e IndEEE Y E
# L EEERIC L D METS =L — i EN
HOHEEZ VX —HIEE, EF YK, B-20-14,
(2007).

FiHE £E, IR EfE, A L Internet Indirection
Infrastructure (X B2 TFA KT U =27 —E X
MV v — 2o FiE, 5% YK, B-20-18,
(2007).

WUE v, v E, IR =, RO, &I
2 TV =y a U RAERE YRy FU—7,
B, 2 XX A P ry hU—2 5SS,
USN2007-17, pp.91-96(2007)

R, NREOE, REE R, JIEEMSE, JIE
B, &)z gy NU—Z AR L
AVETIT 4TI a—T vy 7 AT A M[youlsic
FLRFEER T AT LD, ETHBREE TSRS
£, A-16-23, (2008).

ol R, NEEM, R i J07 7 —_—2X
WEZAMALEZaVTXARNT V=T —E 2D
FH: OBHEHRBERGFES BRAEKS, B-7-161
(2008).

ANEECE, )T E, JIRERE, FIEE AEN
{BAZ T 72 3 Bl B oW & F N T S BAHE E TR
D EiEf, ETHHRBEEYS BREKRS, B-19-27,
(2008).

MROOBUBE, NEREOE, SR

Yoshihiro Kawahara, Tohru Asami:

g%t\

, ARE |, I

55

[22]

(23]

i, JRER, A EEK, B, )W 3 6
M oY & AU T2 R T~ 2 — il

ISR OE AN, BTIHEHRBEES RERE,
B-19-28, (2008)
A LBFEE, IR, RIS, ERA e

Ev Y Zfiofz METS = R/LX—#HEICL D
T TR L X —HEE O LS, BT SOEE S
2 B KL B-20-8, (2008).

JIE=E1#, Tomasz Adamczevski, T %, 7
YRy NU—T Db DEREEERR
JIFAEICET 2 mE, BT ERBEYS
B-20-9, (2008).

!

ih # =

f
O
PN

o> O

BN N
Ve



HEMEE
Aida Laboratory
(http://www. aida. k. u—tokyo. ac. jp)

MRER

Current Research Projects

3. BFA—NERICLEBHREACRATLA
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Information Sharing System based on E-mail
H. Aida and S. Kambori
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At the
communication tool for the Internet, other than the ability to

time e-mail system was developed as a
exchange messages was not considered so that e-mail is not
equipped with functions for reliability or security. Now
e-mail system gains social importance, we need to improve
reliability and functionality of e-mail as a communication
tool.

In this research, we first propose a confirmation system for
Then,
we'd like to build a system to support information sharing and

by

senders to comprehend status of messages they sent.

manage information distribution adding  control

information to e-mail messages.

4. EBREUOYRY FD—UI2EITHEHRINEIC
WL-@E7O koL
HE A, 79y 27040 0% Uy v —
Communication Protocol for Information Gathering
over Wireless Sensor Networks
H. Aida and W. Apirakviriya
MR Ry R U= DB IEREIET D HIL,
BUERR % TR S MBER SNERICER ST an, £
NHO%L I, BEOREERLZXVLXF—HEIZBIT S
ARV ERM 2T L CWRVOREIRTH D, A
BF2ECTlid., ~/VF K v 7R E ORESEIZ 1L Directed
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Diffusion ® FiEZ A L, WFERFOREGRIIZ N R
=—F% T EFM Uz, E72. HHRINES AT L OMRE
ZHESEDHD, A v — VRO F RO
IRRAEE IR RE LT, AETRE LIZFIEICK
V. BHRIERE T e FaroEirm bsw, &5
CZRVF—HBEZHFTE L2y Ialb—ay
IZ R VMR LT,

Several designs of a routing system to collect information
from the network of wireless sensors have been practically
used in real-world applications, however, not satisfied
fundamental requirements in terms of unreliable information
delivery and high data transmission overhead.

In this project, the technique inspired by Directed Diffusion
has been applied to construct the multi-hop spanning tree
based routing path. In addition, several ideas of adding the
handshaking during the network construction to check the
quality of links, data retransmission mechanism during
message forwarding and Dynamic Route Alteration to switch
routing paths to ones being in a better condition have been
proposed. According to the evaluations by the simulator,
proposed techniques significantly improved quality of service
in term of higher reliability and conserved power consumption
needed for data transmission.

5. Web ETOAAT—2ZFALERHERE
ZDIEA
FAH =, feff 55
Discovery of information and its application
utilizing Metadata on Web
H. Aida and Y. Saeki
Web b7 — X OIFFERIREENMIAEN, Web ETDT
— 2 OEMAPBIFEROIE L E TOIEHMARD HT
Wb, O EFERTHIOIL, AXT—H LT
DT =X OEWETR LieT — ¥ 2369 2 BAH &
JSHFEDRRE D B ROV TONEEIT> TN D,
Recently, with the increase of data on Web, people want
supporting technology for utilization of data and discovery of
information in vast web. Currently, for the realization we
study on basic technologies and application utilizing data
about data called "Metadata".

6. FrRyIxy bI—VZIGRALEEFERERE
AT L

HE . 28 0 I K

Electronic Voting System applying Ad-Hoc Network
Technology

H. Aida, S. Sugitani and Y. Kawase
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In case such as many people meeting together to make an
election, using ad-hoc network technology might cause too
many collisions to ensure the reliability of the voting. In this
research, we proposed building logical ring among terminals
and token-passing type communication mechanism on top of
it in order to avoid collisions and showed its effectiveness
through computer simulation. We also proposed encryption
scheme to ensure security needed for voting.

1. B LAN VoIP /N> FA—N\—BIZH T 558
AP ZRF £
FEH A=, BRI (EEA
Access Point Selection at Handoff in VoIP over
Wireless LAN
H. Aida and N. Fujiwara
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DT LN L < BHCERR LAN 20 T 5 B AT E
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802.11a/b/g TiX, —H DT 7 B ARA > MMAPW A
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Z 2 TAMIIETIL, MR VoIP DN A — R—(THE A
Z W T WMERENL LIT S WIS AP ZRIRT S
FEERE LD, TOBE, Ny FE— =& BHiK
DFH TR, AR TITHFET HETOMKDME %
MEXEAZLEAELE Lz, AP BIROEYEL LT,
AP T LG O R O SR F RRIE & VO e b
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These days, VoIP and wireless LAN has been spread rapidly.

However, it is difficult to keep speech quality because ordinal
implementation of IEEE 802.11a/b/g wireless LAN standards
concentrates connections to one Access Point(AP).

In this research, we developed a method to select suitable
AP at handoff to keep the speech quality of not only the hand
off stations, but also other stations around the area, using the
information of average one way delay to estimate the load of
APs.

Simulation results show that when a portion of stations are
moving and handoff occurs, this method is effective to make
speech quality better.
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Next Generation Routing Architecture
H.ESAKI, K.YOSHIDSA, Z.WANG
BIEOREHIHT —% 7 7 F v, 5% OmBEILHIR
DOEERRORIER A & —2y MERAREET 5720
ZiE, SE S ERMENBEENLS>OH D, BUEDA
F—=Fy MEBA~OERELZMATIT, H LOERED IS
EATORBHET —F% 7 7 F v D7 L—bhT—7 ORE
&L FRIUTHEEAS W FEFE Y AT L5 & TN L 7=,
The existing routing architecture can not provide sufficient
functionalities, that the next generation Internet is going to
require. The new architecture must have interoperability and
We
proposed new routing architecture paradigm and framework.

migration capability for practical operation. have
Based on this proposed architecture, we have designed traffic
management architecture for OSPF network and evaluate the
proposed system architecture.

2. TAHI o> x¥ b+ ; IPv6 FHEIREES X T L
AN e

TAHI Project ; IPv6 Test and Evaluation Suite

Hiroshi ESAKI
IPV6 XTI ER D TPv6 HERE D TR L DOREST & | %
NEEBT LY 7 MY =T VAT LD E1T> T
W5, HFFERIRE L7 AT AL, FeeBSD D7 T » ~ 7
F+—Ai ETEMEL, EERMICES RIS S
TW5, IPv6 Forum IPv6 Ready Logo 7' 777 A& 38 /2
S, ZESEREHEDO TN D,

We
methodology for IP version 6 node, and have implemented the

have researched on the evaluation and validation
referenced software for this purpose. We have implemented
on the FreeBSD platform, and it is widely referenced and used
by many organizations in the world. We have initiated the
(global) IPv6 Ready Logo Program at the IPv6 Forum and we

serve as a chairperson of this particular committee.

3. Peer-to-Peer VAT LT7—FTUF~

TLIRE 35, R21l ek, =M, I KRR
Peer-to-Peer System Architecture
H.ESAKI, S.SUGIYAMA, P.JIANG, H.ASAI

A v H =Ry MBEOEEMN L EARSI S 51T,
FOVEERBEY—ERALRMETILDITHNELRD
Peer-to-Peer ¥ AT AT —F7 7 F ¥ OB E1T -
TWb, 77 A NHEEZEBT 57 DI I
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P2P EfiiE, T, A F =Xy MBI LT —
XTI F v NT XA LORBUNANT - ERERE LR L.
SO T — AR EEBT 27— 7T 7 F ¥ 7
L—AhU—7 & LTORMDHREENFERISNL>oH 5,
P2P VAT AIZBITD NI T4 V=T VT
Inter-ISP THEHLT 2 7= O DR BEHIE LT D 1R 5 & 7 &2
To72,

Peer-to-Peer (P2P) technology and architecture is to
achieve distributed and effective contents delivery
platform , that is sitting on the IP infrastructure, i.e.,
overlay network on Internet. P2P architecture is
message oriented data delivery system, with the
introduction of various component technologies, such
as network cache, network DMA and network virtual
memory. In this research activity, we have proposed and
evaluated the inter-domain routing control for P2P
system.

4. FrERYIRY NI—=DTF—FTOF~x
TLIR S, BRH £, HEDE, BT, AR
Ad Hoc Network Architecture
H.ESAKI, S.FUJITA, H.JIA,
Y. TANAKA, Y.SAKAMOTO
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JEBAR A HEE L TV D,

The success of broadband Internet leads to the system
assumption for the major applications, where the computer
has been always on the net. Therefore, without internet
connectivity, most of useful applications do not work. In this
research activity, the practical and fundamental system
architecture to solve this issue.

5. REBEL YRy FT—UITHF5 A HEE
TR 38, [ES Bk
AAA Architecture for Large Scale Sensor Network
H.ESAKI, N.OKABE

IWFTT 0 bRV E T 7 VT 4 = AT A
~O TCP/IP # 2 LIz A — 7 ARIZT 72 AAA FE D
T—XT 7 F v OE L BIRRFERLET —%T 7 F v &
ZOFME AT > TS, KRR Y &7 7 Fax—
ZMNBIEREIND VAT JMTEIT D HAN THERN
AAA BEREARETEZL L 2T T2 B 720,

The facility networks, e.g., factory automation or building
automation, tends to introduce
technology based on TCP/IP. In this research, we try to
establish the scalable and effective AAA architecture and
AAA , Authentication,

the open networking

prototype system for this purpose.



Authorization and Accounting, is one of secured operation of
mission critical facility networks.

6. Live El B>z b+
LR, waHh, £85
Robust and Stable Global BGP System Operation
H.ESAKI, S.ISHIDA, H.OCHIAI, ZWANG
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ol LA S B EHET 27 —%7 7 F v O
JERE & AL TR D T D,

Deployment of sensor network generate huge amount of
digital information ubiquitously, and we need a new internet
architecture to handle these digital information, while
preserving the original architecture of Internet.

1. DIN7—%TO0F~
JLIR 5, BRH £, B BT, Sergio Carrilho
DTN(Delay Tolerant Network) Architecture
H.ESAKI, S.FUJITA, Y.TANAKA, S.CARRIHO
ENA Ry b, T REYZ Xy MZBWTIE, R
K& B HIS TR S AT BT —% 7 7 F ¢ IS
L%, INETO UNIX VAT AIBIT LT — X
BET VL, /DS eBITIREE & H ISR A AR L LT
D AFEALEDT T Y r— 3 %, DIN B ClL RAT
WCENMES D Z L8 EE LV, ABFETIX. DIN 7 —F%7 7
F v OBRFEITV. T 0 N A TV AT LOEEETT,
In the mobile and ad hoc network environment, the
computer system must come up with large delay. In other
words, the delay tolerant system architecture must be newly
introduced. The existing legacy UNIX system could not aooly
to such a large delay communication and does need new
this
communication model must be proposed and be implemented.

architecture  framework. In research, a new

8. AVA—FRY LI T 49U DA EER
LR 3%, & H O, JERS T
Measurement and Analysis of Internet Traffic
H.ESAKI, K.YOSHIDA, Y. HIMURA
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TRV, TNTHIET D T 740 v 77 L—L T —
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Ryl NBEORHISP D NT 7 4 v I DET— 2%
WE - T L, ZOfEZEL, EX 2 U7 0 —xtR
72 EET D FE~OIGH 2 BT 5,

The Internet traffic has been always changed and is not easy
to measure. In this research, we collaborate with WIDE
project and commercial ISPes to measure and analyze the real
Internet traffic. Based on the real Internet traffic, we have
proposed an effective traffic engineering method. Also, the
publish of these analyzed traffic data is useful and unique data

to research and business community.
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Toward realizing the new generation network, it is required
to address emerging requirements of low power consumption,
high speed traffic provisioning, high reliability, security, and
mobility support. In this research group, we develop
comprehensive solutions at every layer of the network
architecture from physical layer to application layer.
Specifically, we are currently researching topics such as
building IMS testbed, integration of sensor networks and IMS,
green network architecture, wake-up based communication
module, energy-efficient nearby service discovery,
authentication protocol for service mobility, fast wireless
LAN hand-off mechanism,

wireless WIMAX technology.
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Wireless sensor networks are essential for the coming
ubiquitous computing environment.  Our laboratory is
focusing on three requirements toward practical realization of
wireless sensor networks, which requirements are drastic
reduction of power consumption, improvement of
dependability with real-time processing, and development of
killer applications. To fulfill these requirements, we are

comprehensively  tackling research  challenges from

fundamental technology to applications. Specifically, we are
researching ultra-low-power wake-up wireless communication
system, resource-constrained hard real-time operating system,
sensor-nodes driven by environmental energy, multi-core CPU
specialized  for  wireless sensor  nodes, device
discovery/coordination scheme, and earthquake monitoring

system.
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As the cost reduction of information delivery makes people
drowned in a sea of unmanageable amounts of information, it
becomes more important to be able to provide useful
information, only for a given user, at a given time & location,
and according to the user's context. In addition, visualization
of context can make users aware about the "hidden" needs and
issues by performing proper context analysis. The goal of this
group is to research and develop core technologies required
for providing human-centric network services, adaptation to
users' context from an application perspective. Specifically,
we are currently exploring 1) resource coordination
frameworks based on REST architectural style, 2) real-world
oriented presence sharing systems, 3) wearable monitoring
platforms to improve the "quality of life", 4) location-aware
social networking platforms, 5) abstraction of human
relationships from context information, and 6) embedding

context information to analog objects.
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Widespread of flat-rate broadband services has caused
explosion of internet traffic and various applications have
required QoS service in the Internet. This group is designing
the
characteristics of optical transport from the viewpoint of high

an optical network architecture which leverages

capacity, QoS guarantee, reliability, and low power
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consumption.  Specifically, we have designed and

implemented a novel hybrid switching node for the optical
network architecture combining Circuit and Multi-Wavelength
Packet Switching, wavelength assignment algorithms, and
transient control for optical packet amplifier.
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Current Research Projects

1. InTrigger [READET A bRy Po)*ﬁﬁ
H AR, BOA5H BN, 75 RRA e, SRR,
AP (A N mﬁﬁ,%ﬁ%%,%$%,
RWEA, SEAK, s, ik
Design and implementation of InTrigger Widely
Distributed Testbed
K. Taura, Y. Kamoshida, H. Saito, T. Shibata,
D. Yokoyama, D. Nan, K. Takahashi, T. Sekiya,
K. Hironaka, S. Naganuma, S. Yoshitomi,
Y. Saeki,and T. Chikayama
PRI SRR JE 0 — 3 & LT, 1L, #9900 CPU
ATNORDIEEIE T T b7 A — L EHE L. &
%3y FEFHE T LA EOWSITE =D, 1,5000L Lo
CPUaT NBLRDT Ty N7 4 —LEWETLHTETH

D, YATLAY T =T, TEwA =V IRARE
FBATFEE DD ) Y —RA L LT, #tI/—71cfib
N5, FORMOED, SHSICEZRB->T—&Shiz

VT RN =T OBRER, OSH—X LV EEdl-Y 7

=T DHBIA A b=/, OSHEEIREEIZ /R o T2BRD
IPMIIC X 2 EBEHREEITO LN TE L RELE
BT

As part of MEXT Grant-in-Aid for Scientific Resear
ch on Priority Areas "Cyber Infrastructure for the Inform
ation-explosion Era", we have built a widely distributed
900 CPU

we plan to grow it to

platform consisting of eleven sites and about
cores. In the next three years,
over 20 sites including more than 1,500 CPU cores. The
platform is used by many groups of researchers in
various fields including system software, data mining,and
natural language processing.To this end,we have designed
and built

sites

an environment that maintains software of all
all
remotely

in an identical state, automatically installs

software including operating systems, and

manages broken nodes including those that do not boot.

2. EHBERETOILIEGFE
TREFLE, AHEDL, REA, HEAK,
WARKEE: Eﬁ@ﬁ% T LI
Parallel computing on heterogeneous environments
H. Saito, T. Shirai, S. Naganuma, S. Yoshitomi,

S. Sakamoto, K. Taura, and T. Chikayama
W BEREIIE SRRy hU—7 THY, FA b
T & o TERIEDP ML LR D, RA MHITL > TR
EHEDOTCPHEEE A (Firewal 1PNATIC & » CO) RATRETH 5
8, BN FR ARSI T /RS L. 2D

69

OB HE DI FALHOY 7 by =T OkAE, LI
UIEZ O EFRIEMBRFEA~A 7 — L L7220, HxldZo L
D TR BRI CRERIZEIE T 2 A HLR 2 E 5 T 6D D SEHER Y
LLT Ry hU—ID I\TL’B“/“ RARRLAA v FH
DEIE - N gz, @dIHER T 5 TR L.
Widely distributed environments are heterogenous
networks having many challenging features. They include that
latencies between host pairs vary two orders of magnitude and
that some host pairs cannot establish TCP connections due to
firewalls and NATs.

cluster often do not scale to wide area environments. We have

Thus, softwares designed for single

designed and implemented fundamental technologies for
building efficient and robust systems in such challenging

environments, namely network topology inference, and
latency and bandwidth inferences.
3. SHIRIRDER LIKEBHEE

Wl B AN, e ssas, HieERE, b

Monitoring and automatic state classification of
parallel computing environments
Y. Kamoshida, Y. Saeki,
K. Taura, and T. Chikayama

W FIABRER A 24 D —F I L TE D 7201
FHEMORREZ AL LT, U 7V A MTRRE R
TEDHE9ITTB0DVAT AVGXPE G, FEEL
2. WebitH CHEA > A b—/L & EEL L, 1445500
ULEDFRA N THEIFES L T D, £, dHEEORE
(CPURAEY, BEIF O T ot X7 )T =D
FLdk A b LICEIEORREA DL, TAUC XY RE R
ZEE L TV OHREEAZBIRICRELZY, Z0ORE
R AR ET 2 HRUCEHT 205 &7 - 7=

We have designed and implemented VGXP, a tool that
visualizes many computers and helps users reason about states
of systems shared by many people in real time. It installs
automatically through web browsers and now operates on
more than 500 hosts in 14 cites. We also proposed an
automatic machine states classification system that can
automatically detect ill-bahaving machines and infers the
cause of the behavior.

»=ihH

4. BKEMHTOT S I =E

LT EE, HRGEREA, Uil

High-level parallel programming languages

K. Hironaka, K. Taura, and T. Chikayama
ST BRI TOWFNLE 2 5 5 2Lk Pl RE 72 7' m 7 F X
VT R glupy DERFT « FEEEAE AT o 72, glupy TidPytho
nZRMUEERZHE L, R4 7Y =2 DAY v &I
HNZFFOH 2 &T“J‘tﬁu&@i%‘:ﬁaia“é JRIERE T A
T=NT 5D, fRS BB TA— =LA &
EE L, ZLE/V— 1/4’ tor—7 47128 -T, NAT
Rfirewall MFEL TV THENEEikT 2 Z & 72 <RMI
MARETH DH. X HIZ, BEUISM - B4 5 &% 5



FICED AT Z ENARETH H 720, JRBBERRE TO
T — ZEAIHLERW I S e — B A OREICH
Thd. Fe, EAEVETMESIL T v T I
7 S #E0penMP D, 53 BUEREE FH DAL R DEILZIT WV,
STEEREE AT IR S TR AR L.

We designed and implemented a parallel programming
library dds, which simplifies parallel programming on
distributed environments. It extends Python with remote
method
asynchronous method invocations. To scale to distributed

invocatoins and expresses parallelism via
environments, it builds an overlay network with a limited
node degree, which allows transparent RMIs in the presence
of NATs and firewalls. It also accommodates dynamically
joining/leaving hosts and thus is useful for implementing data
intensive programs and parallel long-running services. We
also developed OpenMP implementation for distributed
such

environments and proposed an optimization for

environments.

5. BRAEEBXHEFZAVV -+ IL a2 —T
1 VURERE
SRR, SR, —dmak, oA,
H R, TP
Searching troubleshooting articles with deep parsing
natural languages
M. Kurita, T. Shibata, M. Miwa, K. Hironaka,
K. Taura and T. Chikayama
BEWWITEERERR TH L0, HWrL+ECE
EDOF—T—RER—VDODANRETRE LT X T
FIETIE, BETHERICTZEDES FERDNL
Wr—2AbELFET S, FHERICET I I T E 2
DXHAAEILZE DEHEIT, FERDFEIR DAL ITHE 2 72 F
TNRoD, "—RuxzTHRY T MY =T /IR EDEA
&k —T— K& L THEMORBI 7 L BRIV R
PO BREOM-TLEI 2L, BEOHMBL VT
B ERICE ST EVBFT RN EbE . K
WIETIE, FI7NETBT oA RENHLET 7 =
ANT =T L7 ENBIEL, BWLOFFE - dbFED
MABEDEEWS XS RHAT, T Ty a— hER
WU SCEORSA M L. 2L TED LD RAE
bEEELN—VEBRRBRO LT 7 &¥DH LT,
BHELF R EEANTHET TR I TNy a— MIT7 4
—AALTRBEIT) ZEMNMTEDL VAT AEMEL
7.
While WWW offers

information,

an enormous amount of

there are many types of searches for which
current search engines based on keyword match and over
all page popularity do not work very well. Computer-rela
ted troubles and their fixes

(troubleshooting) is a good

example, where there are many ways to describe the

sameproblem, searching based on key proper names

such ashardware or software names often give you
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generalproduct information useless for troubleshooting. As
this

sentences

such, regularsearch
Wecolllected
collected fromtechnical

engines often do not help. In

work. and parsed many

forums, and automatically
We then

rank troubles

troubles.
highly

extracted typicalphrases describing

built a specialsearch engine that

hooting pagesbased on it.

6. AVELI—FT—LTLANIZETET—L
BEMN - DHER EZ DR A
SOREL, AR, PAEKE,
WA, UTIE,
Application of knowledge acquisition to computer
game players
A. Miki, R. Kitagawa, S. Nakamra,
M. Miwa and T. Chikayama
TR INDDHBERTa L Ea— 2P A = RITE
JLEELRRED 1S TH 5. FxridzohThary
2= BT = AT LAY ERARICBEDRIEN L O G
gL 2 ORI HOWTHIEZIT> T D, Hexlx, 7
— AE A OFERE EE oA —TF TV HEERT
2 FE, BB ORISR TFIE, £ B
MWTIREZ DRI T 2 FEIC OV TREZT o712,
Knowledge acquisition from data is one of the important
tasks in computer science. We are focusing on knowledge
acquisition from game records and its application in
game-playing programs. For this purpose, we proposed
methods for extracting domain vocabulary fast and scalably,
acquiring evaluation functions fast, and searching game-trees
efficiently by using an evaluation function.

1. AVEa—85—LTLAVYORE
AT, = e, B L A,
IR BA, 3T L fA
Research on Computer Game Players
H. Yoshimoto, M. Miwa, D. Yokoyama,
K. Taura and T. Chikayamaa
BRI — 27 LA YORFRIR, ATLHEELS
arva—2¥Azr 2 OLONHIIEHTE D
FERR M L LTS OfREET TE . Fxld £
DOHPT, REOHREN S ORRBEROWINIC LD, &
DR IRIRFFIEIZ DV THIEEIT > TV D . £ DG
MBIE LT, [T LAY TR BLOHE 7vA v
Zaxat - L L. BIRITHAR T O ERE OBV L
A ¥ ELTERWVIHE 25 TN D,

Research on game-playing programs has yielded
practical results in many areas of computer science, including
artificial intelligence. We are investigating methods for
searching game-trees more efficiently by parallelization and
utilizing knowledge acquired from game records, and so
on. Applying these methods, we have developed a computer



shogi player "Gekisashi" and a computer Go player. Gekisashi
is drawing much attention in the community as one of the
strongest shogi player programs.

8. EgH L DYMKRZHDOHR
SEHEE, B IO, BULORYE, MR,
T P

Research on Image Based Object Recognition
T. Kurita, G. Godai, D. Yokoyama,
K. Taura and T. Chikayama
57> b OYIRTRHIE. JRFLZR IS A #H &2 Fr o E 2 e
ANLHBEREF OB TH Y (AR S LTV D,
o ld, REOEHGZRIBMW SR Z BT 5 2
EERBRELTEBY., BERHA OIS < FHREEK
DHIETFE, WP EICLER N L—=0 77— Z Hifg
DB LR IT D00, FHERY T SR B
EERIERE, MFRL,

Image based object recognition can be applied for many
situations of real world and have been widely studied. We
aim to extract many known gadgets from enormous images.
We propose a method to reduce computation cost by
We
semiautomated background subtraction system to retrieve

comparing image features. also implement a

training image data easily.

9. KED Web XEMN L DXERTF R MU Fi%
TR, FRREVREA, STl
Extracting Parallel Texts from Large Web
Documents
D. Saito, S. Yoshida, K. Taura, and T. Chikayama
KED Web LENOXRT A~ &l 2 FEICH
T HMEEIT 72, Web DT ¥ A MK LTH TV
TR T ALY T ETY, 12,800 R—Y DL
EDDRIFRAT ORI, Xt A A~ FHREOM
T 10%RE T 2 >R R A 1/3 (ZHI L 7=
We developed an algorithm for extracting parallel texts
from large Web documents. By clustering with sampling
method for Web Documents, we achieved one third
calculation time reduction with only 10% recall reduction for
extracting parallel texts from 12,800 documents.

10. WW =2 —X44 bh5DEBIE L 1EHRBH
LR, FHEE—RR, BRI, Tl
Collecting WWW News Articles and Extracting
Information
S. Wonbo, A.A. Anik, S. Kusakari,Y. Nagai,
K. Taura, and T. Chikayama

WWW (L Lo THRPO =2 —APNDb =2 — 2%
L EBBOTREZIZR->TED, I bAEOILHE
RO, HEmoBIm oE e & & i3 AR AN T
ETCWVD. L LZ DD IEMEN 72 EX(HTML)
TEMPN, REZEOMORS IR E ZHE T CE
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LIELL RFRLDBMEZYI Y D FE e 5 0%
W%, AFFEITECOHE—HL LT, #H 600 D==2—
2P A MINOEEELNEL, BRI EARALEZT Y H
TT7 o ER L. £, ZORREERS M T
LECTHIODRBYEY AT LR LT

WWW has made accessing news from world-wide news
rouces extremely easy and cheap. They can potentially make
it possible to automatically extract nations' common interests
and differences of public opinions. To realize this, however,
we need to establish a method to correctly identify article
bodies and their attributes from unstructured texts (html)
including lots of irrelevant information (e.g., ads). As a first
step, we built a news crawler collecting web pages from 600
news sources everyday and an extracter that collects article
bodies. We also built a viewer to easily evaluate such systems.



WX - EE—E (2007 £E)
Publications List

DD

(1]

(2]

(3]

oLH R, FIRfEER ], JriLf%. A Low-stretch Object
Migration Scheme for Wide-area Environments. In IPSJ
Transactions on Programming Vol.48 No.SIG 12(PRO
34), pp.28-40, August 2007.

AR, SR, MR, @ bR Y
HE - *y P2 BB LIWHIFE O L
LT B FRRmIGE : 2 Ea—T T
AT A, Vol.48 No.SIG 13 (ACS 19), pp.156-165, 2007
- H.

ik, BULRME, Tl 3 a—2 =0T
LA FITRIT 27 ZER O A B AR 2 AR50,
AT 255505, Vol.a8, No.ll, pp. 3428--3437,
November 2007.

EFR =R

(4]

(3]

DURDIL - RE -

(6]

(7]

Hideo Saito and Kenjiro Taura. Locality-aware
Connection Management and Rank Assignment for
Wide-area MPI. In Proceedings of the 7th International
Symposium on Cluster Computing and the Grid

(CCGrid 2007), pp.249-256, Rio de Janeiro, May 2007.

Tatsuya Shirai, Hideo Saito and Kenjiro Taura. A Fast
A building block for
network-aware parallel computing. In Proceedings of the
16th IEEE International Symposium on High
Performance Distributed Computing (HPDC 2007),
pp-11-21, Monterey, June 2007.

Topology Inference

AREFERE

WS BN, AR, BULRIE, shdfd, BHE
T, WG, BIAEE, SRS, mmERE.
FREAL~D TR 72 1405 % B R L - il iz bz b
SRR ER AR S, S E R L AT A
R A (SACSIS 2007), AL, 200745 H (KA
Z—HRK).

U, RS RE, HHERE. SER AR e Y
—{EE — v hU—7 BEBE LA SIER O
L LT, BENHERR AT LAV URT T L
(SACSIS 2007), pp.329-338, HIx(, 2007 45 .
RS, MIRAERER. TRi MPIL T 0 ST % & 58
L7-BfgeB B & 7 0 7 810 SC. Seilrd R AR
AT I IR T A (SACSIS 2007), pp.339-348,
W, 2007 4E 5 4.

BARE SR, BB, L. @ISRNESIGHE 4
XET DT E b aVOFRGHE IESMEOGEN. e
FREEL AT ALV R YT A (SACSIS 2007),
pp.349-358, AL, 2007 45 A.

72

[10]

(11]

[12]

[13]

[14]

[13]

[16]

[17]

(18]

[19]

(20]

(21]

(22]

o, OB, Il L v=Tvala
=T A HET AT RLOHE, BAT —FN—2R
Z£23(DBSJ) Letters Vol.6, No.1, pp.145-148, 2007 4% 6
H

s R, HERE, El M. PAReUEBREL
V= ATRIREAT D T — FERIE A Vo T —, [FHL
PREESHF S22 PRO-65 (SWoPP 2007), fIEJII, 2007
FE8H.

BREL, xR, 7V KHY =LV GXP O
EREHEO D OMRE. 1§ LR EA I E S
HPC-111 (SWoPP 2007), pp.297-302, fBJIl, 2007 4F
8 H.

MEAS BN, MR, b MR iED 5
HET M BRE 2 RN E=F Y 7T 572D
IR & o, WH/4r BRI+ 5 TR
JIL Hr~— - U= 3 v (SWoPP2007), {554
# Vol. 107, No. 175, pp. 7-12, 1B)II, 2007 4E 8 A.
IR LE, WEH R, BIFEE, shhd, &Eat,
BEAIE S, WEAE, SRMmIEE, BEILRIE, MR
InTrigger : ZLMR/2MER A LA B8 Lo 2RI D
SYHBGHABEREE. E LB SRS HPC-111
(SWoPP 2007), pp.237-242, JBJII, 2007 4E 8 J1.
W, MRS, Tk KED Web CEHD
HOXERT ¥ A Ml FE, BARY 7 bo =T R
& 24 RIKRE, RE, 200749 A.

MG H BFn, MK, Tk 55 ehlE & ik
RS AREZR LRI E D A BEHRBREED Y 7T v
ALE=ZY VTV RT A ARY 7 b= TR
= 24 RIKE, AR, 200749 H.

SRS, RS IE, BIILME, BAPRE, BAFE S,
EAEEL, WA, WRASH RN, HEERE. 2
BEREE (InTrigger) (CBT2HAXEY 7 b7
ORGE. BRY 7 NU = TR 24 BIRKE, &
B, 200749 A.

BEILORME, BB, Lk, "BREMEO O D
W7 7o 77 —a0U—2o" 8 25 [EHAK
2Ry PR EiTERE ZS, 1127, Sep. 2007.

JENFE, Zdwak, TILFE, WMEOMRENL O H
FIMREEOEE, B 12 X —LaTu s 00

U—7 3 v 72007, pp.76--83, Nov.2007.
FEHE, Zdmak, milbE R A g e Lo
B RE W BB R RS TFE, 12 B —A
a7 U—7 a3 72007, pp. 172 - 179,
Nov. 2007.

PRRKE, Zlmak, UTiLFE. ERIETEE SR A v
UCT O%FE, HE REF—bATalII 07 0—0

<=3 v 772007, pp.44--51, Nov.2007.

HEMK, RS, B, ik B8
WF Lie Ry MU — 27 MR #RICIES < MPL 4
WBETAVITY XLOWR” [FRAEY S EERETE



[23]

[24]

[25]

#2008 423 A

SORERSE, Zdmak, WUAREKE, Tl “UCT %
TN HERI R 1 D 24402 £ D TD FEED K
=L R R ERRNEER,2008 4 3 H
PR, ARILORAE, MIMEREA, Jdrilibe. <mifiE
oY) R D FH R EHIETFEORE” 1 #
AP A2 E R R FE 42,2008 4F 3

Daisaku Yokoyama and Kenjiro Taura, "Design of An
Event Driven Distributed Programming Language Based
on Tuplespace", 2nd International Symposium on
Information and Robot Technology (ISIRT), pp. 34-37,
March 19, 2008.

73



RH - AERRE
Sakai & Goshima Laboratory
(http://www. mt!. t. u-tokyo. ac. jp)

MRER

Current Research Projects

1. #PEmE %D VLS|
WH E— - I EH - AR - B 3
Fault-Tolerant VLSI
S. SAKAI, M. GOSHIMA, K. SUGIMOTO
S. TARUI

PEROWHIZEEN, RTTEOHEEED T X LR
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< k\ SREEVMETT21ED, WERKOT—RA |« F—
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BT LRELRALNLTND, BT, BIERFIC
H 42 HEE BRI LEIES 280070 TENMER S

TW5, ZOFIETIL, Process, Voltage, Temperature |Z
memm@ﬁm_mLT\ AR, RIEEETO
EEFIREIC /R D,

Fexid, LT 2 5D Lz B\ Tl 22 LD
FEREDTND,

L (Al EAf

TEROIFTRIL, A IV T HEEARET2Z &2 HH
ELIEbDThHoTe, ZAUTH LAMIETIX, #A4I
7R R 2 E S A iR @il S0 FEARE
RRGE L7,

I 7—%7 7 F % il

Out-of-order A—/ XA H 7 « Fut v Ymific, 2> kn
—Jb /QJK%>i%ﬂ§l/fttjigﬁﬁﬁ%%tﬁ%ﬁil/fio AAIT
WFEDIEDNERE AT T A N> TREE L,

WCHESERICL s Tid~v Yy - 25— FEEHF LA

T D, TOLT, HERERICY Y « AT — b
ZFELTYEY FEITH, ZOZLICE-T, Fy7hk
DWDTIRDGITCZ A I TR AL TH, ELL
BEEZITH Z &N TED,

REFEIL, RPEZHEALIEA—SABT - Trty
P& FPGA hIZFEEL, ELKEHETEL Z L 2R L
7o

As the feature size of LSI becomes increasingly smaller,
random variation of each element becomes more influential.
The variation of elements decreases the yield, and makes
conventional design based on worst-case estimation too
pessimistic.

Recently, statistical static timing analysis is introduced to
design based on actual delays. It is also tried to adjust the
skew based on the actual delays measured at testing the chips.
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And in the end, some dynamic techniques are proposed.
They detect timing faults and recover from faulty states.
These techniques enable operations at the highest frequency
and the lowest voltage, since it operates based on the most
actual delays according to variations not only of Process,
Voltage, Temperature, but also of Input.

We proceed our research for the dynamic techniques on the
following two levels —— circuit and architecture.

L. Circuit Technology

The existing researches focused on the detection of timing
fault. We have proposed a technique that enables delayed
signals to pass.

II. Architectural Technology

We proposed a recovering method aware of faults on the
control paths for out-of-order superscalar processors. This
method makes fault information propagated along the pipeline
and prevents the machine state updated by faulty results. In
addition, the chip is reset on fault remaining the machine state.
This makes it possible to recover from any timing faults
occurred in any part on the chip.

This year, we implemented a superscalar processor
employing this method on an FPGA, and verified that the

Processor can recover correctly.

2. FAREBEORH
WH E— - I B - B RS
Injection Attack Detection
S. SAKAI, M. GOSHIMA, S. KATSUNUMA
K. LI
FEAKEE (injection attack) L1X, 2L Ea—F T 2T
LDOMEEREAFIMA LT, S HIEA (inject) L7- KB
a— R avry RREEZFATIHDLZLEEZVD, AT
X, 7 rAYA N ATV TFT 4 TRSQLA V=Y
varpl, =R EDORT YT M D KN EL
272> T 5,

BEHR 7 v —iBf (DIFT) I, Perl @ taint mode %
Ty HIEHLIEbDE LB DT ENTE, X2
TR ~OHBIIKH L THEITH D, T ut v THE
DR TEIL, EROSEI LICHKETI LD, @
FER 7t e 705, L LBEF® DIFT 13, & O{aHER

ik

FERS T4y TIE7R< . BRI IRNAVE U TV,
AT, (7077~ OHEO FToa—F ik

R BEBREINTWDHEEITIE. XFHND 6 FF|~D
L&%ﬁwﬁﬂﬁbhﬁw LERH L, 22 T é
TETE L XFHIEMEE R L TLFEA S
taint bit # /= S & 5 SWIFT (String-Wise Information Flow
Tracking) Z#E L7, X 52, SWIFT L THEstEoH
LY —=A"T s aEEESE B b BRERL S
ELBRNWZ L 2R LT,
Currently, attacks by exploiting security vulnerabilities such
as SQL injection and cross-site scripting are becoming
seriously.



Dynamic Information Flow Tracking (DIFT) has been
proposed as a promising platform for detecting a wide range
of injection attacks. Nevertheless, current DIFT systems do
not have high accuracy and will produce a mass of false
positives and false negatives.

We proposed a string-wise tracking method SWIFT. We
verified that it does neither cause positive false nor negative
false when executing server programs with exsisting

vulnerabilities..

3. WBHMRHEMBLETSY bT+—ALA
W AE— « IE B - AL S - A G
Platform against Information Leakage
S. SAKAI, M. GOSHIMA, H. IRIE, Y. YOKOTA
TEMEAT AL ZIIZE T DI ERIRIRSC R
REREOFEMHLEZHTH L IR TS, HEHIFR
DIFEIIZIGIZE D I, e DT 7V r—a »OfF
FEPEICARIL L 22 WELER 22 FIEDS R D B LD,
ZOEZD—2L LT DIFT D03, FM0IGIZH
RKFHHERT v —%B 5 2 LIZREETH -T2,
£ ZOARIIZETIE, S Bk 2 fEHIRIR & B
ETE277y v T74—LELT, aVT AL AL
vFER—=T - TuT I VERINET D FREEREL
7=

With penetration of information technologies, serious

accidents and incidents - such as information leakage and
copyright infringement - are increasing. Since information
leaks through various applications, a comprehensive
technique which is independent of reliability of individual
applications is expected.

DIFT gives a partial solution to it, but it is hard to track
information flow through conditional branches.

We have proposed a new platform based on context
switching and page protection to prevent information leakage

even through conditional branches..

4 BRERT -T—XTUOF¥
I fE— - HE IER - & K
Efficient Tagged Architecture
S. SAKAI, M. GOSHIMA, D. KIM

BT« T—=X%T I F XL, AEVDOKET— NIZKHLT
2T ERMANT DT —%T 7 F ¥ T, EHETIL, DIFT DX
el LTlibn T3, 2D O Tk, BIRIRYIZIE,
ANT =2 AT 27 —F 12 taint # 7 &5 5,

WRDE T « T—XT7 7T ¥ TIELVIARAENLAE]Y
ETE T ET—F BN, ¥ 7 OEkbLT—4
DER & FFIZIT > Tz, Z072), AE Y ONLER
NEL, LIPAZRAFYDT VA« LA T UINH#
M3 2MEARH -7,

I THEX I, OB OE T = —RXIZBNWT, ¥
T T =B E T AENRT XTI T BIRE L,

Tagged architecture is the one that each memory data has
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extra tag for its property, and used as a base of DIFT in recent
years. In these technologies, the data that depend on the input
from the outside is attached with the taint tags.

Conventional tagged architecture stores data and its tag
together from the main memory to the register. Thus an
amount of additional memory is required, and the access
latencies of the register and the caches substantially increase.

We have proposed an efficient architecture in which data
and its tag are separated both in storing them and in
propagating them.

5. Y49 oT—IV - 7—FXTIOF~
BTN NNIEY (R o
Twintail Architecture

M. GOSHIMA, S. SAKAI, Y. WATARI

VAT —)v e T —F 7T 7 F xId, in-order/out-of-order
TV ERES 2 DDETRER O, ENENDT — VL,
in-order/out-of-order A —/ /XA H 7 « Futk v Y LIFIZFHE
&7 D L E 2 T X, In-order 77—/ CTEIT A RER 4
1% in-order 7 —/ /LT, % 9 TRV 1L out-of-order 7 —
VT, ENENFITIND,

In-order 7 —/VCiL, out-of-order 7 —/ /LTt ~_T, F
WM BNETEIND, TOED, eI ENICI=IT
FRER LD E, I TRVHDIIHEISIL, EhETho
T—NVTEITEIND Z LR D, YAV T—/v - T—%F
T F X, RBOHEREMREFFOA—NRZAHT - Tutk
v L OHERENRE ETHZ ERg0o TS,

WSS VA Ve A N W i Y 1 [ M = PA N s R KR
Bl BT 212D O, ~N—T 7 FU 7 LA
DRI EIT 272,

Twintail architecture is composed of two parts, called

- B SR

in-order/out-of-order tails. These tails can be considered as

usual in-order/out-of-order superscalar ~ processors.
Instructions executable in the in-order tail are executed in the
in-order tail, while ones inexecutable in the in-order tail are
executed in the out-of-order tail.

Instructions are executed earlier in the in-order tail than in
the out-of-order tail. Therefore the instruction stream is
divided into two streams. One can be executed earlier, the
other cannot. The former and the latter are executed in the
in-order and the out-of-order tails, respectively. This feature
enables twintail architecture more efficient than usual
superscalar processors of the same number of function units.
studied Half-pumped FU Array,

implementation of Twin-tail architecture which could reduce

This year, we an

power consumption with small performance degradation.

6. YARr—LF:bFL—R-Fyrvia
BTN NNIEY (R o
Renamed Trace Cache

M. GOSHIMA, S. SAKAI, H. ICHIBAYASHI
LOAK Y 32— 1, out-of-order A—/ AN T -

W Z7E
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TUVI R IAFREBT 210D T 7 AERIER E
ZHEt L7z,

Register renaming is one of the most costly operations of a
superscalar processor. Renamed trace cache can omit it by
caching the traces of renamed instructions in the cache and
reusing them.

This year, we studied a new method of indexing for the
trace cache to reduce the conflict misses.

1. RIMD 7—FT9VF~

TR B - SOF B - A EX

RIMD Architecture

M. GOSHIMA, S. SAKAI, R. SHIOYA

T2 WHIEL T, B DT — 21Tk L UREREED
AT O BRICAE L DWHWETH D, T —ZWHIMED
VLR & U TR EHEAL B e 8 D A T ¢ TR T b
%o AR, 2B OB TN — T NI & Gl &
ZOTNT) ZLAPREHAT HHMICHY . kD
SIMD 72 & TIZR G INEE L 70> T D,
RIMD (Replicated Instruction/Multiple Data stream) (3,
ZOT—ZWHWEDE LR Z L — 5y b & LIcT —F
77 F ¥ Tébb, RIMD 1L SIMD & [FERICHEE DA &
DI 2 A T DR A L D, BEESHIIL—T - A
B L—varOENE RN E LT NEEOMG /Ny 7 7
A TRY ., ENENPMSL LT NADFETEITS Z
EMARETH D, ZTHUTED, RIMD TIH3EMERT L=
U R L E LR T & DM & e — 7 PERR & O RO
TENHRBICR D EE X BND,
AFEEEL, RIMD (281 % HEREHR AN O—>TH
L FREFBEA L AT Xy v L aORFEEIT o7z,
Data parallelism is derived from almost same operations to
different data streams. Media processing such as image
processing is an example with high data parallelism. Recently,
the algorithms of these applications tend to become more
complex, and conventional architecture such as SIMD
processors cannot deal with these applications efficiently.
RIMD (Replicated Instruction/Multiple Data
architecture aims to process these applications with high data

stream)

parallelism. All the processing elements of a RIMD processor
share one control unit just like SIMD processors. But each
processing element has small instruction buffer to save loop
iteration, and can execute iteration individually. This structure
RIMD architecture to have both high peak
performance and high programmability.

enables

This year, we proposed a new register cache system that
can minimize the area of the register file, which is an

important element for RIMD architecture.
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8. JotvH-zal—4 TRE ORK
T 1B - SOF E— - B0 FE—
Processor Simulator “Onikiri”
M. GOSHIMA, S. SAKAI, K. WATANABE
A—=RAH T - Futy PO TIE, etk
YD1l AN T LOEEE ERICHEIRT S
cycle-accurate 723 X 2 L—Z BB L2 5,
ABFFEETHZE L7z THRET) TiE, FHZUTo L 9572
REBHLTWDS
JERRME © BRx 72T —X T 7 T X O~ DO RHG
FELE . Efle 7 vty FOFEBOHH
TRYHEYT 4 0 WRANTOREROEL S
AEFEIT, ZOREE 1 0 B1EY E L2 R0
FATV, BFWFED T I 2 L— g THWE,
In research of superscalar processors,

cycle-accurate

simulators, which precisely reproduce cycle-by-cycle
behavior of processors, are required.
Onikiri, which we are developing in our lab, has the
following important aspects:
Extensibility: to simulate various architectures
Reproducibility: to precisely reproduce the behaviors
Debuggability: to easily find performance bugs
This year, we developed Onikiri2, which is a fully new

version of Onikiri, and used it for each research theme..
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Evolutionary Computation and Genetic
Programming
H.IBA
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The
Programming (GP) have been studied for the purpose of

theoretical and practical aspects of Genetic
establishing genetic-based evolutionary learning. The goal of
GP is to enable the automatic generation of computer
programs. It combines biological metaphors of evolution with
computer science approaches, such as machine learning or
artificial intelligence. Our experiments show the promising
results for various applications, such as multi-agent learning,
system identification tasks, financial data prediction, robot

programming, and parallel processing.

2. #ELETBEIN—FOTICETEIHE
PFHEEF S
Evolvable Hardware
H. IBA
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WY EHW OREZRFR CTH D, Fxld, BIsH7 LA
U X 5% Mz EHW OEBL PAC FEIER ST 5
RABSIORHT, BLONRY — B~ DOIGHERE L T
W5,
Evolvable Hardware (EHW) is a hardware, which modifies
its own hardware structure according to the environmental
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changes. EHW is implemented on a programmable logic
device (PLD), whose architecture can be altered by
downloading a binary bit string, i.e., architecture bits. These
bits are adaptively acquired by genetic algorithms (GAs). We
study the fundamental principle of the gate-level. The
effectiveness of our approach is shown by comparative
experiments and successful applications.

3. 7/ LitEsRnE

—+
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(HRE
Genome-informatics and Bio-informatics
H. IBA

21 HAUTERET (57 &) R SbhTnd, b
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T, BlaT - BABEROX AT I A, BABEXY R

— 27 T NVOEGGRIITFIEC L D2 L2 BEE L TH
5,

The 21st century is said to be that of Genome and Biology.
Human Genome Project has been finished successfully, i.e.,
most of the DNA arrangements have been analyzed and
identified. However, many problems remain to be solved.
Among them is the understanding and control of the
dynamical behavior of gene regulatory networks. We are
currently working on the simulation and inference of these
dynamics by means of several methods. More precisely, our
target tasks include inferring of gene networks by using DNA
microarray data, simulating inter- and intra-cellular signaling
loops of the mRNA products, and analyzing the metabolic
pathways.
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SHE, hyvrry by TuA,
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Right-Brain-Computing Integrated Circuits:
Associative Processing Systems
T. Shibata, Trong Tu Bui, Ma Yitao,
Kang Kyunghee
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WROTEERRET D, ZART —FT 7 Fx52FFoav
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THEATHRLED TN D, REHEEZGEL T L8
TED~A 77ty kL, B - 8 - L v
STMBAEBEL LIZLS 1 Fy 7 & - fEL T
AT DEREKT D, BE TN = 2 —r IR
BEZFFomMEEN T Y2 (=2a—12MOS,
neuMOS) % E A, [# K72 templateff O H > & Fe A HERE
7 MVEFENIIRERT D7 e J@EAT vk v,
0.18X 7 1> CMO S i & iV 7oil@d 7 « 2 & 1
MTavy ¥ EEL, ZETHRE L, S%EEEREE
MICESH ST FOLDICEBETE LV AT L2 IND
DF v THNTHEEL TT<, TDIZDIcH2 DESIE
2 % ZLHRIZ LR C & H APROL (Association Programming
Language) D B % 17 5, WHIEE X v #48 %
“computing primitive” & 3" % FERER] FRBIRMEET X 7
LHEBLE RIETHIE CTh D, BUE, BHRREH « & itk
T —IFEEED TV D, T 2 THYE L2 VLS
Hifrix, ZHMZREHE LT CDMA v v F R 7 4 L ¥
~DISHBAMFE BB L TV 2,

Digital computers are dedicated machines for vary fast
their
performance is extremely poor in such tasks like seeing,

execution of numerical calculations. However,

recognizing, and taking immediate actions, which are
effortless tasks in our daily life. This research aims at building
intelligent VLSI systems based on the psycho-logical model
of a brain. In our system past experience is stored as template
the

maximum-likelihood event to the current event is recalled in

vectors in non-volatile vast memo-ries and

real time by a fully parallel processing. The key ingredient of
the system is a new functional device called “Neuron MOS
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Transistor”’(neuMOS or vMOS) which mimics the action of a
nerve cell neuron at a single transistor level. Based on such
architecture that "association" is the very computing primitive,
we  are human-like intelligence

pursuing system

implementation directly in silicon integrated circuits.
Currently research is in progress for robust image recognition
and voice recognition processing. The sate-of-the-art silicon
technology has been utilized to implement such associative
processors in both analog and digital CMOS VLSI chips. As a
practical application of the circuit technology developed for
the associative processor chips, CDMA matched filter chips

have also been developed..

2. EBOEFEAY LB VLSIRUZD/S2 —
VEREADIGA
SRHE, moN— K Zo—, KoL, ST,
ARNER, B, &gk, 7= 2 UL,
I BB, e, #7252
A Robust Feature-Vector Generation VLSI’s and
their Application to Human-Like Image Recognition
T. Shibata, Robert Grou, Zhu Hongbo,
N. Takahashi, S. Morikawa, Chen Jun,
T. Kanamori, Nguyen Thanh Liem, T. Nakagawa,
T. Miyoshi, Sun Zhuoli
Terx 0T 0 YT —FT 7 F ¥ & EGEIRICH
ZITE, 2 WITOEBRIERE R~ 7 bLv, BIH—koT
OEMEFITERILL 22T ER B0, Bx X Z 0 HT,
TR PR (PPED: Projected Principal-Edge
Distribution) & RS- 2B NLRBIEZ BA%E
L7z, 2WoTERITH L, #iE - 81 - Bt 2 J51m, FH4 07
MOy EMH LT 4 —F v —~ v 7%, TOE
v N7 Ty TE BRI GIAICEE T Bl Eh R
RN LT 40— RO HES AT 5, Zhb%
DREADETE AW MLE L, 64X64E7
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IR LITE A EREEZ TR, Eo T, HiliZeT v
TL— by F T OFETEEZS LFONNY — O
PR KER AN MIFITTE D, FRICTNE TRADR
e L TRHREEE ST ER Y RE = OB TE D
ZENbhrol, SHICZOFEEZEERBZEICBT
D7y a XEEEMFHTIISA, HEmEEICE > ThH
i BE T AR A WA BE & 3 2 MR RO R U B O IR 7
¥R, HMELFRRRICTE S Z ERbholz, 4%,
M7 ut vy Lma L, —RINZRIEERER S X T &
EA~LFBITTNHNL, 207 iz 7 by
= 7 TIEFEFIZEERI O DB CTH D . neuM0S & FH U
fe 7 a ZOMOSEIFE AR, I K OURFENDT 4 XL
CMOS[EIEEEE T D S & FHWT, MEDOT —%7 7 F v %
FFORHEAR 7 S AVAERVLSIT v 7O E1T > T 5,
Since image data are massive in quantity, an effective

dimensionality reduction technique is quite essential in



recognition problems. The maximum-likelihood search VLSI
chips we are developing accept image data in the form of a
vector. Therefore we need to generate a feature vector, well
representing the characteristic features of the original image.
In the representation, human perception of similarity among
images must be preserved in the vector space. A robust image
representation technique for recognition has been developed
based on a hardware intensive algorithm. An input image
either in a binary or grayscale format is subjected to adaptive
spatial filtering to generate feature maps, which are reduced to
by
Distribution (PPED)" algorithm. The representation has been
the
cephalometric landmark identification (the clinical practice in

a 64-dimension vector "Projected Principal-Edge

applied to handwriting pattern recognition and
orthodontics in dentistry), to investigate the performance.
Interestingly, in hand written pattern recognition, it is shown
the separation of handwritten overlapping patterns has been
successfully carried out based on the representation, although
it is a difficult problem in artificial intelligence. Using a
simple template matching technique, identification of Sella
(pituritary grand), Nasion, and Orbitale has been successfully
carried out. Since the vector formation processing is
computationally very expensive, dedicated VLSI chips have
been developed both in digital CMOS technology and analog

CMOS technology.

EHHEBEGLETOE VY
SCHE, {ORHHAT, BEEANZE, 5 S, RERRK,
iR, HH—E, o S
Real-Time Moving Image Processing VLSI Systems
T. Shibata, Y. Niki, K. Fujita, Ma Wenjing, Y.
Okano, Y. Fukuoka, K. Yoshii, Bao Ruihan
U7 nT—v g o LR Esastz B, 61
R oOEEWIE LA E - #@hEET 2 Saliency Catcher, X
O v v F L7e IR O3 IEEHAZ BRI 12T 2 2 VLSI Y
2ty O EIT > T %, Saliency CatcherlZ D\
T, HPL RTS8 e e IR RSN 3T
ORI E 7 + S Z A F— KT LA OFELICEE S
DI END T, FEBHMTIEIKRE T4 NVT 77
IWEBTE I, 74NV T7772&1F, HE78LTR
Ty HPNTT7 4+ NEA A= R EDLHHEBEOFE T, Z
R KREWVIZEL L ORBIFRPUIICIY AD D, =
DF v 71E, BHRE RO TSRO TV LYK
T, BIEORESLLBITHBETED, SHITHATH
N7 L THRPBIV T THRETE 2 &0 ) R %
b0, EECTF v I THEAMRE MR L, S bITED
WRD 3WITEHMEZ Y T FA L TITHO T v 7 HEF L
Too THUTTF v/ X [EC O A O FFRLE O P A RS
SR THY ., SBBOIRIHEEE > AT LEHDOATEE
PEZFRD TN D,
Aiming at real time processing of moving images, a
saliency catcher chip that detects objects in motion in
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non-stationary complicated background sceneries has been
developed. Due to the new quasi-two dimensional processing
the
processing circuit only at the peripheries of the photo sensor

algorithm we have developed, the chip contains
array. As a result, a very large fill factor has been obtained in
each pixel processor. Furthermore, a VLSI system that
extracts three-dimensional information from the object of
interest has also been developed. Since charge
redistribution among multiple capacitors are utilized for
computation, it enables us to build very low-power systems.
In these two VLSI systems, neuron MOS technology has been

utilized in realizing flexible hardware processing.

4. AAEIYIOARY MLRBEERAWN-ONR K

BRI O ICEERRRE S R T L

SeHE, AR O
Robust Face-Detection and Face-ldentification
Systems Using Directional-Edge-Based Image
Feature Representations
T. Shibata, D. Moriya.
HOBRMBIL, ba—~v2r A ¥ 72— ADRIZEN
THELRRETH D, 10k, MAIERLILY, =a—
IRy MR 2HESESERFENHES LT
B, BEOWERMEOEEEZTTZ0 . HDVIEAY
OB ELLTLE D, Wik Hfalse negative DFEA &
SR Lo e, RIFETIX, £ Dfalse positive
BEUADOEDOTHU TV D B E LTHRE) 3dH->T
b, [(RYOEEMEHCES V) ZEERHEE TR
NA BRI T VT Y R LOKEREE . 2 E TORME
ThidTy VN—=ADNT FRIE(PPED) & ¥R S
HCHEN L7z, PPEDIAIC K DI, BIAIFEBED LAT
kD TND & AMDBEIZRA TS 2 & o7z, AMD
RAIIEF I VR T LY XA TH DM, KREFFET
|IPPED & I3HHTEM) e 285>, Fiiz /22 oD~ 2 b
FHLEAZBATE, A4V Y FLPPED X7 hL & [ERFIZ A
7= % B AL (multiple cluematching) OBIFIZL Y, K
a2 MpERHEEBR Lz, S 512, EHEig & 55
Gy RS DWUNEHE D 2 T —r o A L L TR,
V=T A=y F T OFiEE MO TERRREEZIT 9 VR
TABME L, ZHUCE Y REASRGOZIZTERV T
INA N IREERGEY AT AREBL LT,

Face localization and identification of individuals by
facial images are important issues in the development of new
generation human-computer interfaces. There have been many
approaches such as skin color detection and using neural
networks. They have, however, many problems such as high
sensitivity to photograph exposure conditions, and existence
of "false negatives". The objective in our approach is to try to
minimize the number of "false negatives", even it might
increase the number of "false positives". Our algorithm can
detect non-face images that are very similar to faces. A
preliminary research is done by extending our edge-based



vector image representation method (PPED). Besides the
PPED-based detection method,
representations, which are complementary to PPED, have

two other new vector

been developed. Using the multiple clue method with these
three representations, a very robust performance in face
detection has been achieved. We also developed a face
identification system in which a face image is treated as a two
dimensional sequence of partial images also represented by
directional edge-based vectors, thus showing a robust
identification performance under a variety of illumination

conditions.

5. BIEZRRH AT L
SHE, BIMZ, A -7, & B, BEILRR
Moving Image Recognition System
T. Shibata, H. Hayakawa, Hao Jia,
Kim Sihwan, M. Nishiyama

FHiaEr y DR, FRIEEORRICEE R BT 2T
HTEHERAITIIANE THEARERTEIEL TE T, K
W7 —< %, BB — 7 o AN LE X OFHREZ Y
HL, ZAUSZ > TEMEDOEMEZITOMETHY . Zh
Ly VEHRERHNTIToTW5, AMOMIT, £
— ROk x e Aty IEwRARIH L. ZhEH
WO L B & 3k A . £ E % Opass way T
FEITLTWD, TxrbinicHo7-, =y VFERICE-
TMEDIGIRZFFE L. £ DOBIRZNEIB VDT TIT <
FIETHT V2V PN T o XU T VAT BEBRIE LT,
B IR DR ROFICA->TH, BFTRIRCH)
TEREAE 2 Th, ERBBARENZE(LL THIEMRITE
BRLTWiT %, BREOHTARBEIT 5 & EREEOHRE
BHLENTECTEILT DR, ZOE b HGOE) X
iR 5\ b Dego motion perceptiond, JFlAMET
v MR EHWTER Lz, BPISRGEOZES, PR
T I AT x DVIRVEREE, 5 WITHERNICHOE) & &
TEMENFET HHAICH, B/3A b 72ego motion M
HARTE%, 612, BmOFTEET 2 AHDY = X
F X —ZBET DA T AL RTH L, FREZICE
FoHATT 4 e Tr—% T MLRBE L, X7 FL
DM —r o 27BN~/ a7E57 L0 (HM) Z AT
T 5V AT A THDH, ZORMDTZD, FXFHET
X7 < Ml T RE 72, - Rfah -~ a 7 ET VRS
EL., TORIMEEEIE LT,

So far we have shown directional edge information plays
an essential role in a variety of still image recognition

applications. In this project, we are developing moving image

recognition systems also utilizing directional edge information.

In the human brain, it is known that edges of various
orientations are firstly extracted from retinal images and then
being processed through separate pass ways for motion
recognition and object shape recognition. We have followed
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such a biological principle. As an example, we have
developed an object tracking system utilizing the edge
information to represent the object appearance. Our system
shows a very robust tracking performance for an object
moving under variety of disturbing conditions such as
changing illumination, con-fusing busy background, object
shape transformation, changing speed, partial occlusion etc. A
robust ego-motion perception algorithm has also been
developed based on the edge information. In order to
understand the gesture of a person form motion pictures, a
vector representation of an instantaneous motion has been
developed. A temporal sequence of such vectors is analyzed
by Hidden Markov Models (HMMs). For this purpose, a new
HMM has been developed which we call Self-Evaluating
HMM. With this new model, it is possible for a single
Self-Evaluating HMM to judge if an input sequence matches
to the model without referring to other models. Preliminary
experiments of simple gesture recognition have confirmed the
effectiveness of this approach.

6. MPHEETOEY P UIVRTLA
—HEW, mFETE KHE
Early-vision processing systems
Y. Mita, Y. Nuno, T. Shibata
74 by EERABEE 2B L miseE A A —
TUHIERMEFGTE D, AFZETIE, A A—Vk
FAENB L T, SRR & FEEE BRRFIZ R 9~ 5 %0
FIHASLERVLS IO FE 21T 72 > TV D, ZAUTANIFEE
O THERTERLE S 2T L) OASH7ry bz FE
LTHWA TETH D, ZDXIRVLSIE, 74 M A
Z— N & SLERmE & CREERAL Tev) 2L, '
BB D BRI AR DHEER — R TH D25, AR TIT
BTN D XHICEAHEEST D 72 DIIT =Rock
MBNEE L 72D, O DY R - CVLST ORI BRI —
WIETHLMD, BAEEORBEZ VAT R L TT2
I E D, BT R VETORRIZT L L,
FIA BN T AR ET R o TofE RO B & it
JATHRE T 2 “BBE SR AE VWD Z L T3 ET
DIHFEEZTEDL I E&WB L, 0.35un7T 7/ 0PI
WCF v TERIELY TAZ A DEMEETT D 2 LTk
DLie, FREMNT — X ZIET L5720, 0.35 um/ b
7 HAR, 0. 15 p mSOTEMRIZ F6 W OB R OME &
aR/3=Y
Intelligent image sensor array system is an integral part
in humanlike versatile systems. An image-sensor integrated
smart feature extraction VLSI is under investigation in this
project. Distributed cellular architecture is popular for these
systems: a photodiode sensor and some information
processing circuits compose a unit “cell” and the array of cells
constitutes the system. However, if the cellular architecture
tries to physically imitate living body, three-dimensional

wiring is mandatory. However, VLSI wiring is 2-dimensional



in nature so that some architectural innovation to augment the
missing-one-dimension is necessary. We have proposed
architecture where: (1) photodiode is placed at the intersection
of 4 cell borders and (2) photodiode image is first
preprocessed at each connecting cells and only the preprossed
information is exchanged. By this architecture, information
up to next nearest neighbor cell is collectable. A real-time
demonstration using 0.35um technologies VLSI is successful.
Also, efficiency of both 0.35um bulk and 0.15um SOI

technology is measured.

1. BETYFUIEIGALEMENS-LSIRE T/
1R
ZHEWN, ENERL, BOXET, SHEH £HT
LSI-MEMS integrated device by deep reactive ion
etching technology
Y. Mita, T. Sawamura, Y. Hamaguchi,

Y. Imai, Kim Jun Hyoung
VDECETREBZEE ZFIH L CTF /U Y 7T 7 1 #4770,
R Jeiikn BV OV Y RIEZEE T v F oV &AT7R
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YA (4037 m Ll OES BRFOEEME L
BRI LB 7 A AR ERAR T D, &b
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#lSilicon on Insulator (FDSOI) LSI%Z., >V =a—> =
L (PDMS) oA 7 AFEMUTHAE L, KFEY ) = & 5es
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59 % [Siliconon PDMS| 7 /3A R 78 EMNFTIZBHFE S
iz,

Silicon deep nano-fabrication technology of structures
having both electron-device-scale (10um downto less than
1um) lateral resolution and MEMS-scale (more than 40 um)
depth, and application to electron devices is developed.
VDEC’s EB writer performs lithography and Deep RIE at
Takeda Building performs etching. Our top data is aspect ratio
1:107 for trenches of 370nm. This is the record ten times
deeper as to ordinal

compared submicron Deep-RIE

technology. Based on the technology, a couple of
new-concept devices are appearing such as: (1) a “vertical
photodiode” that is made by thermal diffusion on the vertical

wall of Si Deep Reactive Ion Etching (DRIE) and showed
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from 25% to 80% of photocurrent increase and crosstalk
suppression as com-pared to conventional planar photodiode,
(2) “Self-cut patterning method” that is a three-dimensional
wiring technology by a simple evaporation on
profile-controlled 3-D structure with an application of
vertically-winded coils, and (3) “Silicon on PDMS” devices
that is made by an active-layer transferring technology using
0.15um Fully-Depleted Silicon on Insulator (FDSOI) LSI
pasted on silicone rubber (PDMS) or glass substrate and

lost-wafer etching.
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1. UVI5714%&FBRLERAFE
PR E B SR R T 7 g T
g4 v Ty T
Lithography Friendly Design
K. Asada, M. Ikeda, T. lizuka, K. Kurihara, H.D.M.
Pham and D.G. Lan
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In the recent LSI technology, optical lithography cannot
keep fidelity between drawn mask pattern and exposed one
due to optical proximity effect. Therefore, designers should
consider this factor. In this study, we estimated equivalent
gate length from an exposed pattern and calculate leakage
current. Then, we evaluated cells and selected the best layout.
Meanwhile, the recent lithography process will have severe
sensitivity of exposure and defocus. Therefore, we modeled
yield of layouts considering these process variations and
evaluated the comprehensive generated cell layouts. We also
improved yield by modification of layout around detected
catastrophic defect positions. We also studied shot reduction
techniques taking account of dummy pattern insertion and
wire-end treatment with timing constraints for mask-less

electron beam direct writing to enhance throughput.

2.50CDT R MFiE
EHIE, wER, AR, EEFEZ, R K
A Testing method for SoC
K. Asada, M. Ikeda, T. Nakura, R. Zheng, D.
Nakamura
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THREEL, BEERFELT, Fo, EBHRA X —T =
A ADRIEEAT T2,

The objective of this research is to construct a platform
which enables an intuitive operation of LSI test by using web
interface. In the platform, a small CPU, a network interface, a
wireless interface, bus interface compliant with OCP and etc.
are implemented on a board. User of the platform can test
their own chip via a Web browser program We developed the
on-chip CPU and network interface, and verified performance
by using re-configurable hardware. The program, written in
the assembler, was verified by a prototype of the platform. We
also developed the wireless interface.

3.AFAEMED D RT LIEE
T R - i Gk - 4SBT - fEER K
System on Glass Panels
K.Asada, M.lkeda, J.M..Kim and K.Ikai
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T a ZEETIE Vo OEME, T T OEERE 2,
12T A OVIRIE TS SR OBIEE HERE LT,

For presenting integrated systems on Glass, we constructed
the design environments of TFT on the PMELA crystal and
made a wireless communication system by using it. PMELA
is possible to grow uniform and large Si grains laterally over a
large area, and the transistors formed on these active areas on
the area are high-performance. On the base of this design rule,
we made transistor models, automatic P&R environments,
doing layouts and simulations. Because this process has a
lot of substrate voltage variation, we almost used digital
circuits for overcoming it. Now, we realized this formula on
the Glass and measured performances of analog  parts and
digital parts.



4. DOVSLEIERZRAW=3E/ 1 TS5 4 D REMT
CPUDE%E
R FRHEE -

W H PR Z R H
EESAH 7O IR
Low noise non-pipeline microprocessor design using
DCVSL
K.Asada, M.lkeda, R.Zheng, S. Suzuki, T. Sogabe
and M. Jeong
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A self-timed processor with completion detection using dual

rail logic detects completion of evaluation by using
redundancy of dual rail logic which delivers a signal with two
rails. So variations of delays that are becoming more serious
as circuits shrink and voltage lowers don’t cause any errors in
a self-timed processor. The processor can detect a reversal of
a signal path caused by power/ground noise of a cosmic ray,
so it can retry the instruction. To compare tolerance to power
noise, a static CMOS circuit and a DCVSL circuit with noise
sources are designed. We introduced parallel routing
technique of two wires of dual-rail signals for automatic P&R

tools to reduce electromagnetic noise.

5. BCREARI Y TILEE
EH O - fm Bk e R BUE
Self-synchronous serial communication
K. Asada, M. Ikeda and M. Sasaki

7 u—VZIIBERIMIT, RFTACIZREHI TEE %
1T 9 GALS (Globally Asynchronous Locally Synchronous)
FREBRH LT v 7N - F v 7 REEH 38R 3 Mfak
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M 3MEEFNIIACRIMEE TR TH L0, EEFT
— X D% E v MCRIBME S APFE L, CDR(Clock and Data
Recovery) B RETH Y | FEI~v— VU BREL &
WALz LT\ b, IPALIZA T 72 EE R (Transmitter,
Receiver, PRBS (Pseudo—Random Binary Sequence) F& 425
PRBS F = » 7 [a] B . VCO(Voltage Controlled
Oscillator). SERDES(Serializer Deserializer)[R]j&.
BIERE A % —7 = A A2 L) % STARC 90nm 7' 1 & 2
ERANTYIalb—var - @&F - izt T 5,
eI, U — RIEW. FFE(Feed Forward Equalizer).
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DFE (Decision Feedback Equalizer) 72 & DA MaHL .
WRIVNA BT 2= AL OERESGEEZEBRE LT 1P
ELTOEMEREL TV D,

We have developed a prototype interface circuit including a
Transmitter, a Receiver, a Pseudo-Random Binary Sequence
(PRBS) Generator, a PRBS error checker, a Voltage
Controlled Oscillator (VCO), a
(SERDES) circuit, and a Low Voltage Signaling interface for

Serializer/Deserializer

low EMI intra-chip or inter-chip 3-phase 3-wire serial
communication using STARC 90nm process. This interface
the GALS(Globally
Synchronous) method. Since the 3-phase 3-wire transmission

adopted Asynchronous  Locally

scheme is a self-synchronous transmission method,
transmitted data include synchronous clocks at each bit.
Therefore, a CDR (Clock and Data Recovery) circuit becomes
unnecessary, and this scheme is suitable for high-speed
transmission because of its wide design margin. To implement
this interface as an alternative to a parallel one, we design a
word synchronous method. To maintain signal integrity, we
also design a new FFE (Feed Forward Equalizer) and DFE

(Decision Feedback Equalizer).

6. BEENRIEMRMETERTFE
TR B - il k- AR e & B
Active Substrate Noise Canceller
K. Asada, M. Ikeda, T. Nakura and J.M. Kim
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As the process technology advances, the power supply
voltage gets lower, resulting in degradation of the noise
immunity of analog circuits. Substrate noise becomes one of
the measure concerns for SoC design. We have proposed an
active substrate noise cancelling technique which injects
anti-phase signals against the substrate noise into the guard
ring. Since the dominant component of the substrate noise is
its CLK frequency, the injection signals can be synchronized
to the CLK. Also, in order to estimate the substrate noise from
a layout data before real fabrication of chips, we have
developed an EDA tool that analyzes substrate noise
distribution along a chip. The EDA tool also analyzes an
aggressor strength distributions at a specified point on a
layout data.
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High-Performance 3-D Range Finding System

K. Asada, M. lkeda, Y. Yachide and U.H. Kim
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We proposed a camera and projector calibration method

-
[
-

[

based on the light section method using spheres for
high-performance multiple vision system. The proposed
calibration method fits the scanning data based on the
light-section method to the shapes of each sphere. The
calibration cost increase according to the used number of the
corresponding points. In the calibration method, the many
calibration points are easily obtained by measuring spheres,
which contributes to prevent the calibration cost. And also, the
proposed method calibrates the 3-D space flexibility to the
measurement range and environment. We also calibrate the
translation and rotation parameters utilizing the sphere center
positions from multiple viewpoints in case of the extension of
We the
high-accuracy result of the average error of 1.9 mm at the

multiple-viewpoint  calibration. achieved
measurement distance of 700mm by calibrating around the

distance of 700 - 1000 mm.

8. AR— M A= UHIZEHT HHME
HH FRE, iE R, & B, P OKSE, Basci
Caner, K¥F M, 4 iLrd, 8% HfE

Smart Image Sensors

K. Asada, M. lkeda, Y.K. Kim, T. Monma, B. Caner,

Y. Ohtsuka, K. Kim and S. Mandai
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We re-arranged the dielectric multi-layer for a color image
sensor without color filter array. We have proposed a new
device based on MAGFET having an on-chip coil for a
high-accuracy time-of-flight range finding system, also.
Furthermore we have proposed a novel system with control
automation of integration time and a bias voltage for wide
dynamic range. We have shown a light diffraction and a light
polarization using a scaled metal pattern on a chip in the latest
process technology. We have proposed a new ambient light
suppression method for wide dynamic range. In 3-dimensional
measure field, we proposed a new pixel array which have
skewed pixel array for high accuracy. Furthermore, dual
imager core on one chip is designed and it is used for a range
finding system based on light section method. This Imager
can get range map by two methods of high speed and high
accurate 3-D capturing.
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Automatic Protocol Transducer Synthesis
M. FUJITA, K. SATOSHI, and Y. ISHIWAKA
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X T HRERN— A MRER EORERBEES R S
H & DT BEHRS L OMRRERGEDS EE L < o T D,
RETIETIE, 7 v b a/LOHAE%E Sequence & FEITN 2
INEATIZ Ay EI L CH %, % Sequencelt] & #1304
iz G LIctk, A 21T 5. FRIZL Y OCPRAXI
EWoTEHOT R Fa VB EERT ST e b oL
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Protocols for system LSI design have advanced features
which make both design and verification of interface circuits
more difficult. Our method divides specifications of target
protocols into smaller units called sequences, synthesizes
partial transducers from the sequences, and unifies the partial
transducers into the whole transducer. We can automatically
synthesize complicated practical protocols such as OCP, AXI,
etc.

2. YIr9zT7 N—FOzF7HRALRTLOE
FHCET SHE
JEE B - e B 5R BE - AT BE
Performance Improvement Using
Hardware/Software Collaborative Execution
M. FUJITA, S. KOMATSU, H. YOSHIDA,
and S. MORISHITA
AR TIE, 22 AV Ry Iab—a il kb
ERWIREE T VRETFIEL, EOFHE 2 REbT5
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FALT D LI R il kT D FEARE LT, FheE
DL E LT, ZHRES T 7 DR E R AT KT
b L7 b DICETE Lo, BRESNIWHRS AT LI,
Y7 2T DHOREIZHANT TRHRERESETHD 2
LEMRT D ENTET,

In this research, we proposed a method to speed-up a
semi-formal bounded model checking method based on
compiled simulation, by optimizing the procedures and
implementing as software/hardware collaborative system. To
speed-up the entire system, the communication cost between
software and hardware should be reduced. In the proposed
system, it was achieved by introducing speculative execution.
The implemented system performs seven times faster than the
software implementation.
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High-Level Design Automation and Optimization
M. FUJITA, S. KOMATSU, H. YOSHIDA,
S. GAOQO, and R. KRISHNAMOORTHY
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Techniques for diagnosing fiber optic subscriber networks
have been studied. @~ We must measure the reflectivity
distribution around the optical elements, which locate at the
end of the network beyond a Skm length fiber, with cm order
spatial resolution. We have already developed a system with
6cm resolution for this purpose, but its measurement range
was too short. This time, we have proposed a new system to
overcome the problem, and demonstrated successfully
enlargement of the range in experiments.

4. BIRAEHRIEEEREL-SoCD ERRETAENR
[CEA9 83
FRHE BZ% - /M B - HH VR - AR WIS -
ANE BN - PRI G - A1 AKE] - 2R
High-Level Design Methodology Considering
Reuse and Verification of SoC
M. FUJITA, S. KOMATSU, H. YOSHIDA,
T. MATSUMOTO, Y. KOJIMA, T. NISHIHARA,
Y. ISHIKAWA, and Y. LEE
PREFOEHE S DHE K L& Time-to-Market D EAFIZ K 0 |
SoCBHRIZETETHLLS RV >2H B, AW TIL,
UML (Unified Modeling Language) % Fi\ 7= 2R 50k & 52
BEOBRF AR OF v v 7 E MO DG 7 m—Z R E L
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The development process of SoC is getting harder due to



the rising complexity and time-to-market pressure. Especially,
misunderstanding of specifications due to the varied writing
styles and gaps between specification and design decrease the
design productivity. In this research, we proposed a design
which the the
requirement statements and the actual design description. All

methodology, connects gap between
models generated in the process are to be described and
recorded in the proposed format consisting of UML (Unified
Modeling Language) and XML (eXtensible Meta Language).
Therefore, we can reuse pre-designed models easily.
Furthermore, we are working to generate a complete set of

properties from UML models for functional verification.

6. BHETOWRMRIICET 2R
PR B7Z% - /S B -
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Formal Verification of Designs
M. FUJITA, S. KOMATSU, T. SAKUNKONCHAK,
B. ALIZADEH, Y. KOJIMA, T. MATSUMOTO,
T. NISHIHARA, D. ANDO, F. GAO, and J. XU
BUED VAT ALSHE, £ DRFHOIE L S EREND D7
DORFEN LY HEL o TETND, PTH, 7R b
NG AR TR 2GR ZAT 9 2 & TE BB
PIRMRGETFEDNER 2L O TN D, A TIE, CX—RF
5Lﬁ%§%ﬁ%ﬁ%kbtﬁﬂ%k MR RE
Y — VO EITolc, BIF Loy —id, BifERd &
RTLFERIZ 6 U CTHRIR S AT MEAFE S 7 7 2 L. £ 1
LEZMLRNG, EROML - WHEEDNAFL - &L
TYRal—varEITTL LItk T A=Y —
DHEE LTl 2 MRS D, WBER = o AT
LA—Z il 72 EDOEFRITR LT, Z ORGEY — /Wil
Lo THEENFIRETH S Z L iR LT,

As system LSIs become larger and more complicated,
design verification also becomes more important. Especially,
formal methods attract much attention since they can achieve
exhaustive verification without test patterns. In this work, we
have developed a formal equivalence checker for C-based
high-level descriptions. The equivalence checker transforms
given C-based behavior-level or RTL design descriptions into
Extended System Dependence Graphs, then verifies the
by
sequentialization, symbolic simulation referring to the graphs.

equivalence performing  difference  extraction,

It can verify some practical designs such as an inverse discrete

cosine transform and an elevator controller.
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Millimeter Wave CMOS Transceiver for High
Data-Rate Wireless Communication
M. Fujishima, M. Motoyoshi, K. Takano, C. Inui,
Y. Kambayashi, S. Ohashi, L. Seong Woong
and S. Ohashi

VAR, RIERA 7 4 ZUTBWT, BB O & 5 e REED
FROBHBEE~OFTFEIZLY . @E CIREEES) o
BOBIET A ADBROHND L HITR>TETWD, £
TR MERGELE 2 BT 572012, T6Hz & 9 IR
RIS 10dBm D& HY 7 IZ 38U THRFFEE U TR AT
HEZ2 60GHZ 5 STER ST\ 5, % Z Thiubaid 60GHz
W2 FW - ERGEIE 2 OM0S THEBLIT 5 2 LICHl Y A
T2, THUETHIITVyy—N"EHkT 2
LNA, PA, MIXER, PLL % 2843 2 & (AR 2 3 =0 s Fl
b Ex Mo TE Tz, ZhnbIE T vy — "2 ko
FEHB L OMRIHEE 72 EofRen L4 M- T,
Recently, indoor high data-rate wireless communications have
become popular with increasing the information capacity such
Thus,
communication devices which operate at high speed and low

as that in high-definition videos. the wireless
power consumption are needed. At millimeter-wave band
around 60GHz, unlicensed band with 7GHz bandwidth and
10dBm output power is available, which is attractive for the
realization of high data-rate wireless communication.
Therefore, a high data-rate transceiver in 60 GHz band is
studied. Until now, we have fabricated each building block in
the transceiver such as LNA, PA, MIXER and PLL. From now,

the entire transceiver system will be optimized.

2. BIEHEBEENHELFE CNOS = JIREIRK S v
YA Y
FRESE, AREEB, £, EWL, IR
Millimeter Wave CMOS Receiver Designs for
Low-Power Over-Gbps Wireless
Pulse-Communication
M. Fujishima, M. Motoyoshi, T. Wang,

F. Wang and L. Seong Woong
WA, YRR T m - AN OMER &I Y E AN
D R7 = ROBBENRIRATHILTWS. FEZ 60GHz
1L Gbps MRMEMBEM & L CTIHASETHER SALTW
DR, BIE, (LAY EAETERE I TV D ORERT
BB, INE NS 7R EATEATEIEIVE N v
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Recently, the millimeter-wave transceiver widely developed
with semiconductor process advancement. In particular,
60GHz-band is paid attention to in worldwide for over Gbps
since  current
based

compound-semiconductor devices, the entire system is large

wireless ~ communication. However,

millimeter-wave circuits are on
and expensive. When the millimeter-wave circuit can be
realized by CMOS process, low power and low cost can be
satisfying both high
frequency and wide-range operation are not realized easily in
CMOS process.

oscillator and a frequency divider are realized with low power

realized. Practicable performances

In this research, a voltage-controlled
and ultra wide range by a inductor-less harmonic oscillator.
The CMOS millimeter wave frequency synthesizer with ultra
low power and ultra wide range can be achieved by using the
technique proposed in this research.

3. = 1)K CMOS EIERDERETE
FRIGEE, TRAEIT. Wz T3, (R
Design Optimization for millimeter-wave CMQOS
circuits
M. Fujishima, Y. Goto, C. Inui and Y. Manzawa
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Z 2 CRAEX S UL CMOS BT O i i 7t A O #F 58
E{TH> T35, BEICEG#EA LY — /L PREMICS (Productivity
Expander for Millimeter—Wave Integrated Circuits)
FIRE L, EBRICHRE B E C2 5 O R RS O
B kA FEB Lo, S%ITKIESRIEL BE LRkt
ERERBEL TV TETH D,
millimeter-wave (MMW)
attracted much attention for their use in ultrahigh-speed

Recently, applications have

wireless communication. Although MMW transceivers were

mainly developed wusing compound semiconductors,



realization of MMW CMOS circuits is demanded due to high
integration, low fabrication cost, and low power consumption.
However, large energy loss in the passive components in an
MMW CMOS circuit is a significant issue. Therefore, loss
minimization in matching network is important, because
increase in the loss of the matching network directly
deteriorates the power gain and noise figure of the circuit.
Since optimization of the passive component network, with
taking loss into account, is generally a complicated task,
computer-aided optimization is effective for the MMW LNA
circuits having lossy passive components.

In this study, design optimization technique of the MMW
CMOS circuit is developed, where PREMICS (Productivity
Expander for Millimeter-Wave Integrated Circuits) has been
proposed, and the optimization of the low noise amplifier
including the noise figure has been already achieved. Design
(MMW)
applications have attracted much attention for their use in

optimization for Recently, millimeter-wave
ultrahigh-speed wireless communication. Although MMW

transceivers were mainly developed using compound
semiconductors, realization of MMW CMOS circuits is
demanded due to high integration, low fabrication cost, and
low power consumption. However, large energy loss in the
passive components in an MMW CMOS circuit is a
significant issue. Therefore, loss minimization in matching
network is important, because increase in the loss of the
matching network directly deteriorates the power gain and
noise figure of the circuit. Since optimization of the passive
component network, with taking loss into account, is
generally a complicated task, computer-aided optimization is
effective for the MMW LNA circuits having lossy passive
components.

In this study, design optimization technique of the MMW
CMOS circuit is developed, where PREMICS (Productivity
Expander for Millimeter-Wave Integrated Circuits) has been
proposed, and the optimization of the low noise amplifier
including the noise figure has been already achieved. Design
optimization for large-signal operation is currently under

consideration.
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Fe(Ferroelectric)-NAND Flash Memory
K. TAKEUCHI, S. SAKEI(AIST), M.
TAKEHASHI(AIST), M. TAKAMIYAand T.
SAKURAI

AEY = FRFEHEFEDONTND T T v a i
FY ZHICRE RN - REEE LT D WREME 2 Ff - 7=
Fe-NAND 7 7 v ¥ 2 A€ U 2 iR THRANSIRE L, A
FI72BEA FERE L 72, Fe-NAND (I AE YU F 7 VA XD
57— MR ) SR FE AR SIBiTaO & #faik HEAIO i
J& THERK S AL, ER O LSI T DAL TO RV IREE BN
WHERML TS Z & 2R L T %, #ED NAND 7
7 v a AT VIZHAATHEEZ 20V 6 5V ITEREEAL,
EEWA A — S —(EENIHIN S D 2 LT
U7z, £72 10 EMOT — 2 REFNAIRER 2 L 2 HKREL
72o Fe-NAND Tid, BHUT & » THEEHEER DK S 1
DA F v EBBSETHERETET D720, )/ A—
g — (BFYAR) OMPETHMET HZLNTED
LEZBND,

We succeeded in developing a Fe-NAND flash
memory. The research objective is to realize a Tera-bit
capacity non-volatile memory in 2015. Fe-NAND is
composed of ferroelectric field-effect transistors
(FeFET) whose gate dielectric consists of a ferroelectric
layer, SrBiTaO and a high-K dielectric layer, HfAIO.

It is difficult to scale down the conventional
floating-gate (FG) NAND flash memories below 30nm
due to the serious interference with neighboring cells.
The charge-trap memories like MONOS have short data
retention problems. Current-driven resistive switching
memories such as MRAM, PRAM and RRAM are
unscalable below 20nm because of the significant IR
drop of the bit-line.

We succeeded in demonstrating that Fe-NAND is in
principle scalable below 10nm to the crystal unit-cell
size because the data is stored with an electric
polarization in a ferroelectric gate insulator. Due to
the voltage-driven, low-voltage operation and scalable
properties, Fe-NAND is a promising candidate for the
future sub-10nm Tera-bit capacity NAND flash
memories.

2. 3R LS| BROHZE
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3D-LSI Circuit Design
K. TAKEUCHI, K. ISHIDA, T. YASUFUKU, M.
TAKAMIYA and T. SAKURAI
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We are developing circuit technologies of a three
dimensional LSI (3D-LSI) where multiple LSIs such as
micro processors, image sensors, analog circuits,
DRAMs and flash memories are stacked in one package.
3D-LSI is expected to realize a small form factor,
multi-functional,  high-speed and low  power
consumption solution. To realize a 3D-LSI, we
succeeded in developing a highly efficient low cost
power supply circuits. By using a low resistance
inductor in a interposer, the boost converter can
generate a wide range of voltage from 1V to 25V
efficiently. In addition, we analyzed the power loss
mechanism of the boost converter and demonstrated
that the optimization of the Vth and the gate length of
the MOS diode are crucial in improving the power
efficiency.

3. SSD(Solid-State Drive) v AT LOWHE
Tyt
SSD(Solid-State Drive) System
K. TAKEUCHI
AT AN T, NV arOFEEAL LTHER S
LTV 5, Solid-State Drive DF2E & To72, 7T v =
AEVE FREHET I b e—F—F v T DT —
XTI F X —DHIHICLY , HEENZFLWTHZ LI
B L7z, BIE, A —F v h ETRbhDT—HD
ERBROTHI LR, === RF 1 2
DORBOWRANEEIZ /2> TNDE, T—T AT </ v
Ry b a b7p EORB——Ti, BEIOZDIZ
—#THEM 1 KM EOESIRB 0> THET, AE
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We are developing a low-power high-speed SSD,
Solid-State Drive. As the capacity of NAND flash
memories drastically increases, SSD that uses NAND
as a mass storage of PC is attracting much attention.
SSD is composed of as many as 64 NAND flash
memories, RAM and NAND controllers. By
co-designing NAND flash memory and NAND
controller circuits, we succeeded in best optimize both
NAND and NAND controllers. As a result, at sub-30nm
generation, the SSD speed would be improved by 150%
without a cost penalty or circuit noise.
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Distributed Fiber Optic Sensing Systems

Based on Brillouin Scattering
K. HOTATE, Z. HE, M. KISHI, W. ZOU
Y. MIZUNO, H. KUNO, W.-M. GOH
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The research on the improvement and application of
fiber-optic distributed sensing system based on Brillouin
optical correlation domain analysis (BOCDA) has been
advanced. In this year, we have succeeded in applying the
BOCDA system in the structure health monitoring for
airplanes in flight, which shows the feasibility of BOCDA as
Its

application in temperature distribution measurement is also

an advanced technique of fiber optic nerve system.

under investigation.

Aiming at cost-reduction of BOCDA system, a simplified
Brillouin optical correlation domain analysis (S-BOCDA)
with time-division pump-probe generation scheme has been
In the S-BOCDA system, the pump and probe
waves are generated through direct current modulation of the

developed.

laser source. Analyses on the optimization of the modulation
parameters and evaluation of the modulated waveforms,
especially their squareness and flatness, have been carried out.
For the flatness, we have achieved 0.5 % of the pump-probe
The effect of this
optimization was confirmed by observation of the Brillouin

frequency difference of 11 GHz.

gain spectrum.

Moreover, a low coherence interferometry based BOCDA
system has been improved. We proposed a new
configuration to improve the SN ratio, which is based on
simultaneous modulation with a sinusoidal and a noise
waveform. Distributed measurement with 7.4-mm theoretical
resolution was demonstrated with improved SN ratio.

In this year, a Brillouin optical correlation-domain
reflectometry (BOCDR) has been newly proposed, which is
capable of measuring the strain distribution along the fiber
from a single end. 13-mm spatial resolution, the best result
ever reported in Brillouin-based reflectometries, and 50-Hz
sampling rate were experimentally demonstrated. In
addition, a temporal gating scheme was proposed to enlarge
the measurement range while maintaining the spatial
resolution; 66-cm resolution and 1-km measurement range
were simultaneously achieved.

On the other hand, we achieved big progresses this year in
the research on discriminative sensing of strain and
We

proposed to use a Panda-type polarization-maintaining fiber

temperature by use of a single-length optical fiber.

(PMF) for complete discrimination of strain and temperature.
Based on our theoretical founding that birefringence has
opposite dependence on temperature compared to Brillouin
shift,
discriminating the strain and the temperature with an accuracy
of 3~4pe and 0.07~0.08 °C.  Fully-distributed discriminative
sensing has been also achieved by use of correlation-based

frequency we succeeded experimentally in

continuous wave technique with 12-cm spatial resolution
together with an accuracy of 12ug and 0.3 °C
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Distributed/Multiplexed Fiber Bragg Grating
Sensors by Synthesis of Optical Coherence Function
K. HOTATE, Z. HE, K. KAJIWARA, S.
MURAKAMI

N e — L ABEBDO BRI L DA - £

W7 7 A NI V—F 4 7 (FBG) &V DHFFE & b 72

BRENTHEa e —L A —2 ZRERFBGIZIN > T
ol S, WEAMELT 7 A oY 2 RS L Fik
AR - WiET L7z, AWFJETI310emdD & RFBG % & >
ELUTHEMAL, JEMADATE LRV fEk < o5 A HlE
wFEEL LTz, BT OGRS IR R U 7 AR A
FNCLDTREA = a v FEEEAL, BRECT
Ty TEEEFNET DI LK Lz, BB
1TV, FBGO S HREHR F 14 & ML Ik T D SOCF 2
HEbElEY I a2l —va UREERE L. BRAT
(39.8mmDZEH S FREZ EHL TN D, ¥ Ialb—i=
R D VAT LDOMEREREM ATV, A2 S fiERE & R
D b= FFT7OREREHL N LT

T, BfiLlae—Lr2E—2 10, A—7 7>
TR OEHFBGH D — D DK AR - WETHZ L%
AIREIC L, DR 0 5872 5 HEFBG &2 I3 2 10k
DI RLZHEFBGE »HZHIT 5 a2 bofEE ZEILHK
DFIBR A LTz, ZVE TLEL S L-FBGOHIFIT,
FBGD ¥ 7"V o 7 J& 3473 10kHz & W 5 & F THY
I0mEWVWIHIRENTZLDTHo7. ZOFRKE LT, #l
MRICBT 22 L KAt E ORIZAET 2 B — M
b AR N R N W R b/ SR QTAY I N ¥ Y fel
i@ e — MEERO 7 FR3AECRnw T o
TREOHEAEREL, TOEAMREOIGEEZHHEL T
WoeaED TN D,

Research on distributed/multiplexed fiber Bragg grating
(FBG) sensors by synthesis of optical coherence function
(SOCF) progressed.
using long FBG has been proposed and demonstrated. Based

A distributed strain sensing system

on SOCF, the Bragg wavelength of local section in a long
In the
process of synthesizing coherence function, an apodization is

FBG around the measuring position can be measured.

introduced to obtain the proper reflection spectrum.
Experiment and simulation have been carried out, and 9.8-mm
spatial resolution was realized. The performance of the
sensing system is also evaluated by simulation.

On the other hand, multiplexed FBG sensors by SOCF has
studied, which can solve the problems (cost-inefficiency and
limitation of multiplexable FBG numbers) in conventional
wavelength division multiplexed FBG sensors requiring FBGs
of different Bragg wavelength. In this year, new schemes

have been proposed to expand the measurement range, which
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The
measurement range is affected by the beat frequency shift

was limited to 10 m at 10 kHz sampling rate.

effect due to optical path length difference between the
light the reflected light.
measurement range, approaches which relieve the frequency

reference and For longer
shift with new sampling method have been proposed, and

their effectiveness is being investigated.

3. K7 ASMAERT Y MU —7 O HEERE
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High Performance Optical Reflectometry for
Diagnoses of Optical Fiber Access Networks
K. HOTATE, Z. HE, M. KONISHI, T. AOYAGI
7 7 A SMAEFR (FTITH) > 8 U —27 OWrD7
DO « FREENY 717 b A NI OB EED T
L. AT, TENLE 2 R D IETLI AT 0 JE s S %
BTG T2 FIEEHITRE L, AERLE O & dEke
ol 2 FH Lo, FBRTIT, AR300M R 2 2 U 7o Kt
WOAHE L3-S THRRT 2 Z LTS, Rl F A
W=7 4 bEAL, RELBOZEZMEIL, 77
ANPO L= —HELOBINC D L=, £z, ZOF
EERWNT, ofMENE P HREL, FiELT.
JE A IR (FMCW) St 7 L7 b A B U otk
REIA_ LIC DWW T OBIFE b D 7. RO SRAIE RS BE % ) 1
T 270, —EO7 VL DR EER S0 I ERER
L7eTFWERE, BHo®y v a ot FnEio
Ty a Vi RONT ST D, LD
o R AFEARE L. TRk v, EE
H51 « BREE ZE D IERENIC I 1T 2 I E B~ Dl R
REBED L — PP DT 5L > & DR 72 &AM T
5. HREERT, REOAYMELHERL, &REDX
o3 A ORE K L=
For diagnoses of fiber optic subscriber access networks
(FTTH), a
reflectometry is proposed and demonstrated by synthesis of

novel high-speed high-accuracy optical
optical coherence function (SOCF). In this new scheme, the
optical frequency of a laser light source is linearly swept,
which realizes the wavelength domain averaging optically for
enhancing the accuracy without time-consuming numerical
processing, in addition to a sinusoidal modulation to

synthesize a coherence peak for distance-resolved

measurement. In this year, a new scheme of continuous
chirping on the modulation frequency has been introduced to
sweep the sensing position along the fiber continuously at a
high speed. In experiments, a measurement for a reflection
which used to take 300

previously, is obtained within 3-5 seconds.

distribution profile, seconds
Polarization
diversity measures have also been implemented and the effect
from polarization state variation has been suppressed, so that

the Rayleigh scattering distribution in optical fiber has been



observed. With this scheme, a distributed pressure sensor
was also proposed and demonstrated.

Studies on the improvement of frequency-modulated
continuous wave (FMCW) optical reflectometry have also
been carried out. To enhance the reflectivity accuracy, a
new wavelength domain averaging method is proposed, in
which interference signals acquired during a full-range light
frequency sweeping are divided into multiple sessions;
sessions
By
the new scheme, the limitation on the measurement speed or

reflection distributions deduced from each

respectively are averaged to get a high-accuracy profile.

the limitation from the sweeping speed of available laser
The
effectiveness of the new proposal has been confirmed

source in conventional schemes can be relieved.

experimentally, and the measurement for reflectivity

distribution of improved accuracy was obtained.

4, HIEBBXT YA DOICETIHE

PRACFNTS - o] fHIR - F Avdh - B EOE

Studies on Resonator Optical Gyroscope
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Studies on resonator fiber-optic gyro (R-FOG) by use of
photonic band-gap fiber (PBF) have been performed. In
conventional R-FOG, the rotation sensing sensitivity is
limited by noise factors from optical fiber, such as Rayleigh
scattering, nonlinear effect, and variation in polarization state.
For PBF, because 99 percents of the optical energy propagate
through the air-core, Rayleigh scattering and nonlinear effect
can be several orders smaller than those in normal
single-mode fiber, and the polarization state variation is also
relatively smaller. By use of PBF with above features, a
high-grade R-FOG can be expected.

with PBF has been built up, and the resonance curve was

In this year, a resonator
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observed. The temperature dependence of the resonance has
been measured, which confirmed that the temperature
dependence of PBF resonator is as small as ~ percent of that
of PMF resonator.
novel digital controller was proposed, with which the digital

For resonator gyro’s signal processing, a
serrodyne demodulation scheme has been realized. In
preliminary experiment, a rotation sensitivity of 0.8 degree/s
was demonstrated.

On the other hand, research on silica waveguide resonator
gyroscope has also been carried up. Basic simulation was
performed, and experimental platform has been established.

5. TIEDLR—=T2)arvyIAXHxH4 KD
p A= ek
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Optical characterization of erbium-doped silicon
suboxide
M. KISHI
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In the silicon photonics it is expected that silicon-based
devices, e.g. emitter, modulator, photodetector, waveguide
and so on, are integrated monolithically. Recently, much
attention has been paid to erbium(Er)-doped silicon suboxide
(SiOx:x < 2) as one of the silicon-based light sources.
Er-doped SiOx were obtained by simple simultaneous vacuum
deposition of Er and silicon monoxide (SiO). This Er-doped
SiOx showed strong photoluminescence (PL).

6. p-FeSi,FOvy L v FDIEREK
FORA
Low temperature formation of B-FeSi, droplets
M. KISHI

B-FeSi,iINmL 7 hu=2r 2kt LTHERENT
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Fe-SHR BN O RAIZ & VB S L /cFe-SiT £V 7 7
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B-FeSi, is an attractive material for the development of
silicon-based integration of optical devices and electronic
B-FeSi,
successfully formed at room temperature on the porous silicon

devices. polycrystalline  microstructure ~ was
substrate by pulsed laser deposition. It was suggested that the
thermal property of porous silicon caused the [-phase

formation.
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Current Research Projects

1. HATSRAFYIMEARILSZAT L
B B - IR
Antipersonnel Plastic Landmine Visualization
System
A.Hirose and Y.Nakano

EP. MERICAH R T TIT 74 P EETOFER
AT S TR R D FEMRIEAT 21T o 72, £ DRER.
Walled-LTSA(walled linearly tapered slot antenna)7” > 7 7~
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BEbHLZERRALNI o7, ZOMEEFERT S
7=, (1)U > 7K CSOM(complex-valued self-organizing
map)lZ KBS HF A F 7 AL (2B sk /TR
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5 LR E N,

At the end of the last academic year, we conducted
plastic-landmine visualization experiments with laterite soil in
Cambodia. This year, we first analyzed the relationship
between data features and adaptive segmentation results. We
confirmed enhanced visualization performance brought by the
newly developed high-resolution walled linearly tapered slot
antenna (Walled-LTSA). However, at the same time, the

system sometimes fails when the laterite moisture is very high.

To solve this problem, we proposed (1)Ring-topology
complex-valued self-organizing map (CSOM) dynamics and
(2)frequency-domain local correlation feature extraction
method. By applying these two techniques, we have
confirmed that the system visualize landmines with a very low

error rate.

2. TYR-IAVBRAA—DUY
B B - R
FTUT~ R ALY - EHEFHRR
Millimeter wave and microwave imaging for
antiterrorism screening

A.Hirose, R.Yamaki, D.Radenamad and S.Hamada
RVRICKBEHHOA A=Y T ERNT BT VT
47 TCab—Vy N A=V 7 FiEE LT, RIEE
TRy OALAR & IRIE 2 G925 AR IRIEEL 1 A
— VU T BRE U, SRR O [ B RS HLE Y

fli%Th ., ZMTHEFLEERE D, ORI,
7o & ZIXESL A @i 2 B TE & ORI A A A
=TT HI LK DT KR AT AR EEBET D
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TLRTED, T, EROMABMEICER TS Z &ick
D, BREA A -V LIXRRIAEDRIERPEOND Z L
EWRE L, Thbb. 70747 A A=Y 7 TR
PSR ZTLE S MENEMI T, MRoBRE
F0E<ETES, AFRL, Fr VT OREZDE
FEBINT D L0 b, BT ETHT DO AR %
/D ENTE S, £ L T FMCW(frequency-modulated
continuous wave) 5L W HfETHY . 7 L A1k - 5
BIZB RIS LHWIERTH D,

We proposed a novel active and coherent method for near
field the
modulation complex-amplitude observation method (MCOM).

imaging in millimeter-wave band, namely
In the MCOM, the high-frequency circuit is so simple that it is
low-cost and suitable for highly-parallel imaging. One of the
possible applications is an anti-terrorism security system at
ticket gates in railway stations where we observe walking
people with their belongings. We reported in particular that
the phase image observed by the MCOM yields quite
informative images. That is, the harmful glaring, which often
occurs in active millimeter imaging, is mitigated effectively
so that the shape of an objective is presented much better. We
can choose arbitrary phase-distance sensitivity by adjusting
the modulation frequency adaptively to the target of
visualization. The system can be simpler than FMCW, and
compatible with array antennas and parallel processing.

3. FHEREOAMRL—4

JEWE B - 1l &
Interferometric Synthetic Aperture Radars
A.Hirose and R.Yamaki
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BIZ D EOSNEER G DAL, ERICEDEFBENRI
7=

In generating a digital elevation map (DEM) from



interferogram obtained in interferometric synthetic aperture
radar (InSAR), filtering process is as important as phase
unwrapping process. Before unwrapping, we usually have to
reduce the number of singular points (SPs) by filtering the
data image without destroying or smearing delicate fringes.
Previously a powerful SP-restoration method based on the
complex-valued Markov random field (CMRF) model was
the method still
improvement in the definition of SPs and the formulation of

proposed. However, has space of
parameter vector estimation. This year we proposed a novel
method by introducing a new concept, i.e., the "singular unit
(SU)". We also estimate a CMRF parameter vector locally as a
weighted summation by taking the distance and the included
SP numbers into account. By using this restoration method,
we demonstrate successful removal of singularity without
distortion and the generation of precise DEMs. We find that
delicate landscape features, which are lost in conventional
filtering, are preserved appropriately, which is revealed in the
signal-to-noise ratios obtained against true elevation data.

A FHETT4T 7oTF VAT LA
B -2 VT
Adaptive Antenna Systems
A.Hirose and S.Tan

BEVKEE CT X 7T 4 77 7 F RIS
Y, BEWRIEIZELET v 7 ) 7 EEhsa—ThE
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EFTFMCES R TFULIREERL, 912t
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T, ARG E s m < Ro T EE ZICES D
FHAERR A KIEICHIRT 27 0T XL EEREL, Zh
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Recently there is an increasing interest in adaptive antenna
technology since its capability of user tracking, co-channel
interference reduction, and spatial diversity offer better
coverage, capacity, multipath rejection, and power efficiency.
Generally used adaptive algorithms such as directional
constant modulus algorithm (DCMP), minimum mean square
error (MMSE), and power inversion (PI) adjust the weights in
adaptive antenna system to suppress interference signals while
amplify desired signal. The adaptive antenna technology is
very useful in time division duplex (TDD) scheme. Because a
frequency is used for uplink and downlink transmission
commonly, then the antenna beamforming for uplink channel

can also be used for downlink channel considering a slow
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time selective fading channel. However, as the user moves
faster, the time selective fading, mainly caused by movement
of user relative to the base station, reduces the performance of
the system at the downlink period. We propose a new scheme
to realize a good performance in user prediction. That is, we
employ the complex-valued Markov random field (CMRF)
model in amplitude-phase domain, which is more suitable for
continuously changing time selective fading channel. We also
proposed an idea to realize a low calculation-cost algorithm
with which we can preserve a high frequency-domain
resolution in the estimation. The proposed methods can be
used generally for any TDD scheme using adaptive antenna.

5. BHEET VT T HRTF
B - BEARTESE « DB 3%
T )F— aT Ty
Highly functional antenna elements
A.Hirose, Y.Okamoto, T.Hama and S.Werner
SRR BRI TR E AT RO T T D EH
Z Hfs L7 2t 7z, IT4F, UWB(Ultra wideband) %
(R ATREZR B AT 7 > 7 ISk D BIL 23 LT
%, ML T 7 TR f A & JE L
DZEDEELY, T LAMEFIZE S THERA N ZADH
BT L5 M7 m & BiEN A TE R WD TH D,
F R AFIATE N2, m AT TSRl
CHHWLITNDINKRT v T FH 72 8 280 U 2R
FHGRETH D, DIVOIITFRMMERIZE O )AF T
YTFEILCER L, T4 AT T I Oa—
VEBHOBRRT LA TR L, FO—H%RESR
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e LT L NT8EAAT 5 rIER AT 7 &
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This year we concentrated upon the development of an
ultra-wideband variable-directivity antenna. It is more and
more desired to develop ultra-wideband antennas applicable
to, e.g., so-called ultra wideband (UWB) systems. However,
such an ultra wideband antenna has difficulty in variable
directivity compatibility because we cannot adopt a simple
wavefront synthesis technique based on Huygens principle.
Another reason lies in the unavailability of directors and
reflectors used in ESPAR antennas and ordinary Yagi
antennas. We proposed a new antenna structure. The antenna
is a modified discone of which cone is consists of line
elements. We feed some of the lines, while we do not others,
to make them parasitic, so that all the elements works in
cooperation, which realizes both wideband and variable
directivity. Now we conduct precise measurement of the
characteristics for detailed analysis of operation.



6. RBEICHTIHEICHIES

B B - TR
Adaptive Signal Processing in Optical
Communications
A.Hirose and K. Tanizawa
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In the near-future all-optical networks, adaptive dispersion
compensation is indispensable for high-speed flexible
We
dispersion-measurement-free compensation method that deals

communications. have proposed a  low-cost
with time-domain signal-waveform directly and controls
compensation device in frequency domain. We formulated the
dynamics. We analyzed the performance of our proposed
high-speed and low cost feedback control method of a tunable
dispersion compensator for adaptive dispersion compensation.
In this method, we monitor the received waveform in the time
domain and control a tunable dispersion compensator
repeatedly to reshape the waveform by means of steepest
descent method. Transmission experiments and simulations
showed that the proposed method can compensate the
The

compensation range is from -6000 to 6000 ps/nm in 10 Gb/s

dispersion quickly for a wide dispersion range.
transmission. The compensation time is 1 to 2 s for the
dispersion within 1000 ps/nm. This method is applicable to
the adaptive dispersion compensation in all-optical dynamic
routing networks. This year we also expand our method to
We
confirmed a high performance in simulations. Now we

polarization-mode dispersion (PMD) compensation.
conduct experiments and quantitative analyses on this novel
method.

1. BICHTEBELGBERSAA—DVT
B B - PEEPASL
Highly-Adaptive Ultrasonic Imaging
A.Hirose and T.Nishino
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Based on the theory of the complex-valued neural
networks, we investigate highly functional adaptive ultrasonic
imaging. Conventional ultrasonic systems have wide room for
improvement in imaging and  shape-reconstructing
performance. Phase-sensitive adaptive processing is making a
big breakthrough. We have proposed a spread-singularity
phase unwrapping method, which we previously proposed in
airborne radar systems, in the ultrasonic measurement of
two-dimensional curved surface. Experiments demonstrate a
drastic reduction of the number of singular points, resulting in
a better SN ratio in comparison with conventional methods.
We have been also investigating a novel beamforming
framework in the so-called personal information system,
which utilizes the high directivity and the nature of
autodemodulation of ultrasonic wave to direct sound stream
only to a desired area. Theoretically, a personal information
system can obviously be constructed on a phased array basis.
However, the beamforming has been difficult in reality
because of unevenness in individual radiator characteristics.
We introduced neural learning process to realize a successful
beamforming. Now we work on the increase of the directivity

angle in continuing experiments with smaller radiators.

8. XEEBRHIDFEEXNFLEEFXFOHIA
FEE B - /N

Distinction between Handwritten and Printed

Characters in Document Images
A.Hirose and J.Koyama
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Human beings are capable of distinguishing a variety of
texture almost at a glance. By modeling the mechanism, we
will realize a flexible texture analysis. For example, we will
be able to distinguish handwritten character regions from
machine-printed regions in document images. If it is possible,
we can switch the engines in optical character readers (OCRs)
to obtain a higher recognition rate. We have proposed a novel
technique inspired by such human early-vision ability, namely,
the "spectrum-domain local fluctuation detection (SDLFD)"
method. In the technique, we evaluate the two-dimensional
power spectrum to extract feature values that reflects
fluctuations  unavoidable in  handwritten characters.
Experiments show that a certain feature value of handwritten
characters is often larger than that of machine-printed
characters. We generated a map obtained by superimposing
the feature value on the document image. The map showed
that our proposed method is useful to distinguish handwritten

character regions.

9. KRFE LFE

i B - bl AR

Joint Attention and Its Effect on Learning
A.Hirose and K .Kitahara
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We have proposed a concept generation scheme based on
mutual information between multiple self-organizing maps.
There have been many reports on concept generation in many
fields such as robotics. In the context of language acquisition,
however, they mainly deal with letters, or symbols in general.
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Since both the concept and language acquisitions progress in
parallel, we notice the importance to investigate concept
generation without symbols. This year we proposed a
non-symbol-based scheme that pays attention to multimodal
mutual information. We also introduced an extended scheme
using SOM? (SOM of SOM), instead of ordinary SOM, to

treat non-simply-connected or anisotropic data.
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1. A—RoF/Fa—TEkTNAR
ITFER] « vV FRA T EA - ARG - TAKHE -
PEATE - dEER
Photonic Devices based on Carbon Nanotubes
S. YAMASHITA , A. MARTINEZ, K. KASHIWAGI,
N. TARUMI, M. NISHIMURA, M. TSUJI

H—ARrF ) Fa—7 (CNT) &R\ T A ZADH

JexAT> T %, CNT O A FAR I 2 VN 2 2 8 —
REHE SV AT 7 A N —F O JE A D=, CNT 1T
BTN E WS RIER D DN, D A THT 74 "%
CNT LlAGDLE THAFERRZES T2 LI2LY,
SOV AE R F—6.50], FH ST —250 mW & D Ei
HNNVAL—FEFEHR L, £/, CNT 2RI v—
(PMMANZ K=" L, Arfafnil s R0k % el L7z, B
TZD CNT R=7RU~—=0DN7 7 A 7 Meai AT
%D, &BHIT, ONT YT /3 A8 LWMERLGIEE LT,
JEREHZ XV ONT 2 Wh S® 2 HEEFZE L T D, 1
BUGMHT K0 @72 Tl e < BRRoMEE R TE S T L
FTET 7 A ANOEETE T TR =R vy MEIC
FVT—=R=HT 7 A MUEIZHRAESEDL LR TE
LZElaRLI,

We have been studying the novel photonic devices using
carbon nanotubes (CNT). We studied passively mode-locked
fiber lasers using saturable absorption property of CNT. CNT
thin film suffers from the optical power induced thermal
damage. We proposed a new configuration based on the
evanescent field interaction of the propagating light with
CNTs on D-shaped fibers. We achieved the pulse energy as
high as 6.5n) and the average power as high as 250mW. We
also observed saturable absorption in CNT-Polyer (PMMA)
composites. We are now trying to realize the CNT-doped
polyer fibers. Lastly, we have been inventing a new
fabrication method of CNT devices by means of optical
manipulation. By changing the fabrication condition, we
found that the complicated structures such as CNT spheres are
formed onto the fiber end. Also, we found that CNT layer is
formed around the tapered fiber through the evanescent field.

2. B - LHERRAER T 74/ L—Y
(IFER] - /NERIE « RIS — - FXE
Fast and Widely Tunable Fiber Lasers
S. YAMASHITA, R. KONISHI, Y. NAKAZAKI,
0. KUSAKARI
HIRERH O W AR T 5 2 & TIRHIED D m B IZH
REWMIITELE—FEH 7 7 A AL —FOW5E L ED

112

TW5, SEEIL, WE 15um#0 YU 7B L —H %58
T ANRTVL—FT 4 VT (FBG)E Y VAT ADIPR L
LTGH L, @l ERIFMEE A0 L TERRELD
BB L CnD, Kae—L R MNESTTT 4
OCT)~DEA b LTS, /2, T4V L—FN
RERY =7 ML —F T 70nm O R HiFH % 20kHz O
IR UER TSI T & 7o, BUIFE, R 800nm T
U=T B —HFOEREZHLTND,

We fast
wavelength-tunable mode-locked fiber laser using intracavity

have been studying a widely and
dispersion. This year, we applied the ring laser at 1.5um
wavelength region to the fiber Bragg grating (FBG) sensor
system, and succeeded in detecting dynamic strain owing to
its fast tuning capability. We are applying it to the optical
tomography (OCT) We

investigating the linear laser configuration which isolators can

coherence systems. are also
be omitted, and realized the tuning range up of 70nm at the
sweep rate of 20kHz. We are trying to make the linear laser at

800nm wavelength region.

3. KIFANTL—T 427 (FBG)
I FEH] - s E
Fiber Bragg Gratings (FBG)
S. YAMASHITA, X. FAN

KT 7 ANET =R EIC LV ERIEL 2 LT,
=T d— DR~ AT NPT ¥ — TR ED
BRREMEIE T 7 A N7 L—T 4 > Z(FBG) & BT D AFJE
DI, TS T 7 AN EIZFBG 2L, U=
TF ¥ —7FBGREITE, T ——DERITIY F ¥
—TENELSEOND Z L e Lz, YY) T
R EDH IR D kL 2R TV D,

We are investigating to realize highly functional fiber
Bragg gratings (FBG) such as chirped or sampled FBG using
the uniform phase mask and deformed fiber. As the first step,
we fabricated FBGs on tapered fibers, and confirmed that the
linearly chirped FBGs are realized and the bandwidth is
proportional to the steepness of the tapered regions.

4. 2y FERBT/NAR
IIFER] - ARG
Slotted Waveguide Devices
S. YAMASHITA, K. KASHIWAGI
Silicon-on-insulator ¥k LDV a2 2w v NER K
DIREERIAGICOW TR ETT o T, AT T AL Y
U a3 OEDIREN PR E, BBy 7y FeZxmy b
EORY AFNALRAE 7Y L— DA ORI X
DHEFRECHD I EER LT, Ay MEEWHIHTL
WERHOBRGFHBEE A A0 LT, B E 250nm [EE 0 F
., BE O EAEE T X0 IR MR AT B AN B AT
RECTHdZ LaERL,
We
waveguides on silicon-on-insulator substrates. PMMA, whose

numerically analyzed athermal silicon-slotted



termo-optic coefficient (TO) is negative, was used for
cladding and slot part to compensate positive TO coefficients
of silicon-dioxide and silicon. By changing slot widths, new
degree of freedom for waveguide design, temperature
insensitive waveguides were realized in several structures

without changing the heights of the waveguides.

5. BB AT 7M1 \DIEHA
HWFES] - BIK - i
Application of Highly Nonlinear Fibers
S. YAMASHITA, R. SEKI, K. TAKAHASHI
W7 7 A NOIEMIEAEE RN LIcFE % DT A 2D
WREHED TND, SEEIT, EAY AN T A@IERIE
Y7 7 4 SBi-HNLF)Z BT 5787 A b U » 7 HElE(PA)
AR THID TEET L Z LITkT Lz, FFFICKRE
1R E 3 RTE(,04) D728 Bi-HNLF T PA 1ZIEHIC
R THY . TOE =7 PRIFR TRERITHFIL T
ZAET % Z a2 L7z, 2m @ Bi-HNLF Z 7252
B¢ 58dB OFI1E & 0.75nm O HIENE 2 BLHI L 7=,

We have been studying various nonlinear fiber devices. This
year, we succeeded in realizing parametric amplification (PA)
in Bismuth-Oxide-based highly nonlinear fiber (Bi-HNLF) for
l,, PA in
the Bi-HNLF is very narrowband, and its gain peak

the first time. Due to the large [1, along with large

wavelength is tunable in proportional to the pump wavelength.

We achieved the gain bandwidth as narrow as 0.75nm and
gain peak as high as 58dB in the experiment using a 2m-long
Bi-HNLF.

6. ZRRIALKIR
IIFEHE - b= A~
Multiwavelength Comb Light Sources
S. YAMASHITA, W. H. TOH

JRHT2 2 W RICIITE 7 7 A N@1F -« SEEHSH T
HECTHD, AFIETIE, FEE L —FITELERE - (7
MEHREZ 522 2 LI R DZERIRERG LT\ 5,
ZOF RIS L2 E 2B L LW E 572 5T
o, ¥Ialb—varBIOEELHTHER L —
& RF oA a0 EZRORR, 10GHz [Hk# T
10 ARRFEDSEH R LW REF AL FI LIz, SbIT,
10Gb/s D7 7 A SlBfE AL & L THWD Z &8 T
L L aMER LT,

Wideband multiwavlength comb sources are important both
in optical communications and sensings. We are investigating
a comb source using simultaneous intensity/phase modulatons
by direct injection current modulation. This method features
simple construction without need for external modulators. We
have succeeded in flat comb generation of ~10 lines spaced at
10GHz, and confirmed that a line can be used as a carrier of
10Gb/s optical signals.
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1. F/774#b=29OT1NA4R
Ritgt— « NI 52+ (Lr Rl - /o - (LA -
R - KBl - 1 BB
Nanophotonic Devices

M. OHTSU, T. YATSUI, S. YAMAZAKI, S.

TANAKA, TYAMAMOTO, H. SUGIYAMA, J.
OHMASA, and S. E. KANEKO

Tk SR BRERDIT AT L LA LTI,
JEDRHTIRA 2 2 O LT O~FEE & O HERE D
KT NA A, F2bbF ) 74 b=y 7 T8, ADFEL
DIZDDIIFEEAT> T\ D, ZHUT T/ SHEWER D¥
EHT RN X BB EFAT 2, OBy M &
AW AL v F O, 702 VimEs — b A/DEHR
. TN, Ny T 7 AE Y R E R L, CuClE
T Ny MRZnO®E - H 7, nAlAsE T Ky & HWcE)
VERERE., FRICIERIE L ZR IS DUV TR, BIERIC L
Al L7z, £ OfER, BT EiE, SRk TAE I
FOHIEERERR M LI, SHiCInbafil
VWHEFa e —F EEVAT A HREX2 DT
A VAT DS D AREMEIZ OV TIRES L7z, E 7z,
YT K D WALIHRSERR, TS A BAERIC A B 5 3k
WrE\ER 2 I Lot = o — 4, Jt/ER T X
X —EHRD IR BT o T2,

Nanophotonic devices, i.e., sub-wavelength sized (beyond

diffraction limit) photonic devices with novel functions, are
studied in order to support future ultrahigh speed and
ultralarge capacity optical systems. Optical near field energy
transfer between nanometric particles are utilized for their
operations. We proposed novel devices composed of a few
quantum dots, e.g., a nanophotonic switch, digital logic gates,
an A/D converter, an optical nano-fountain, and an optical
buffer memory. Their operations and nonlinear optical
properties were experimentally and theoretically evaluated
using CuCl quantum dots, ZnO quantum wells, and InAlAs
quantum dots. Single photon operation and increase in output
signal intensity by attaching a metallic nanoparticle were
confirmed. Possibilities of realizing a novel nanophotonic
computer, an optical communication system, and an
information security system using these devices were studied.
Further, experiments on optical inversion of magnetization
were carried out. Finally, experiments on optical/optical
energy conversion and optical/electrical energy confersion
were carried out based on nonadiabatic photochemical process

induced by optical near field interactions.
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2. F/I7F#b=womT
KREETL— « JUIF 52 - dbAhD - Tk SiikA
Nanophotonic Fabrication
M. OHTSU, T. YATSUI, K. KITAMURA, H.S.
JEONG, and T. TAKAHASHI
T T b= I T REERL, 26 28R
T F  HEMMMTIEEZHR L T, (ERS
NDT ) E O, ALEORE Z & < ROT2DITITHE
Bt LB & ORISR 2RI L, AR5 HE
., B, VYT T4 =y F U EEL TN,
FroHex O R U7E B RA Ok Eusk 2 Y v 7
F7ATGML, TOEELZRE L, EhEHWT,
ZEBN., B A - OERR L2 Tz, EHICE
T XBEAEWTkE . T/ 74 b= 7 TN AD 2RI
Blg e &z ERL LT,

Nanophotonic fabrication, i.e., fabrication for realizing

nanometer-sized materials, is studied in order to realize
their
photochemical reactions between optical near fields and

nanophotonic  devices and integration.  Local
molecules are utilized for ultrahigh accuracies in sizes and

positions of fabricated materials. Photochemical vapor
deposition, desorption, photolithography, and etching are
developed. A nonadiabatic process, which we have found,
was applied to photolithography and a proto-type of the
lithography system was assembled. Using this system,
multiple-exposure, fabrication of a replica of an electronic
circuit pattern, etc. were carried out. Further, a diffraction
grating for a soft X ray and two-dimensional array of

nanophotonic devices were fabricated.
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Fiber Bragg Grating (FBG) has various applications in
WDM optical networks. We have demonstrated the use of
FBG as tunable filters, and 2nd-order and 3rd-order tunable
dispersion compensators by applying strain on a uniform FBG.
The inverse scattering algorithm has also been developed to
design specific fiber gratings. Using the design method, we
have succeeded in fabricating Nyquist filters for 40 Gbit/s
signals and pulse-waveform reshapers.
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All-optical signal processing technologies
K. Kikuchi, Koji Igarashi, and K. K. Chow
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We study a Bismuth Oxide-based glass fiber (Bi-fiber)
aiming at applications to all-optical signal processing. Bi
fibers with y > 1000W'km™ have been fabricated by
enhancement of n, as well as reduction of the effective core
area. In this year, we have succeeded in the reduction of the
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group-velocity dispersion, introducing the photonic-crystal
structure. With such a fiber, we have demonstrated data
demultiplexing of OTDM signals and all-optical wavelength
conversion. Owing to the short fiber length, device stability is
greatly improved, and operation at 160 Gbit/s becomes
feasible.

2.2 OTDM HIEAEDE/ SV A DFA

160 Gbit/s OTDM 2 A7 AT FIHEZR 10 GHz e ERE
Hr OV ABIDFEAIZIE, T— RFEM 7 7 A L —F &4l
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The fiber mode-locking scheme is the most common
technique for generation of high quality pulse trains
applicable to 160-Gbit/s OTDM systems; however, its rather
complicated configuration is not suitable to practical systems.
We have proposed a much simple scheme of 10-GHz
picosecond pulse generation based on an optical frequency
comb generation and an optical filtering. Using our proposed
scheme, we obtain a 10-GHz, 2-ps pulse train from 1530 nm
to 1555 nm. The high quality of the 10-GHz pulse train
enables to multiplex it to a 160-Gbps OTDM signal.

2.3 160Gbps OTDM ¥ AT A
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The interest in researches of 160-Gbps OTDM transmission
systems moves toward evaluation of the overall performance
of systems from development of each device and sub-system.
We have proposed novel techniques for clock recovery,



optical time-division demultiplexing and signal equalization,
which are absolutely necessary functions for OTDM systems.
Using our proposal scheme, we have evaluated the overall
performance of 160-Gbps OTDM transmission systems.

Our
demultiplexing functions is based on optical signal processing

proposal technique for clock recovery and
in the optical frequency domain. Using LN phase modulators,
we have demonstrated high-stable low-noise 160-Gbps
OTDM receivers. Note that the clock recovery circuit can
work well even for the received power lower than -40 dBm
and the seriously degraded signal due to fiber dispersion.

The most critical issue in the long-haul fiber transmission
of 160-Gbit/s OTDM signals is the remarkable distortion of
the optical signals after transmission. Optical equalization
based on an optical Finite Impulse Response (FIR) filter is
efficient technique for suppression of such signal distortion,
because such filter with enough number of taps can directly
produce an arbitrary transfer function. Using 4-tap optical FIR

filters, we have successfully demonstrated a Nyquist filter.
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Coherent optical communication technologies
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The efficient use of the optical spectrum is one of the most
important issues in the next-generation broadband optical
network. We have proposed the digital coherent receiver, and
investigated novel modulation formats with such a receiver.
We can cope with any kind of modulation format with digital
signal processing on the homodyne-detected electrical signal,
which enables carrier phase estimation in the digital domain.
We have demonstrated demodulation of 2, 4, and 8 phase-shift
keying (PSK) signals. In addition, the quadrature duobinary
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with  the of 4
bit/s/Hz/polarization has been demonstrated at 10 Gsymbol/s.

modulation spectral  efficiency
Furthermore, electrical equalization of fiber dispersion and
nonlinearity is our next target. We have also demonstrated
20-Gbit/s QPSK DWDM transmission over 1,000km, and
elucidated the origin of transmission impairments analyzing
the complex amplitude with the digital coherent receiver.

We have also succeeded in transmission of 10Gsymbol/s
16QAM signals. In addition, by using the time-division
of the
demodulation of 160-Gsymbol/s multi-level coded signal

demultiplexing  function coherent  receiver,

signals has been demonstrated.
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Quantum information network
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Using parametric spontancous emission from PPLN and
optical fibers, we can generate entangled photon pairs. We
have studied generation, transmission and detection of
entangled photon pairs, and their applications to quantum
information processing. Especially, we have proposed
wavelength-division multiplexed optical quantum networks,
which enable the drastic improvement of quantum repeater
characteristics. We have also started the research on photon
wavelength conversion and generation of wavelength-division
multiplexed photon pairs.
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Monolithically integrated semiconductor optical
devices and circuits are the key to advanced optical
communication, optical information processing, and optical
measurement applications, since they could provide more
complex functions and higher performances over discrete
devices. In this work, we are studying novel monolithically
integrated photonic circuits (PIC) as well as the processing
technology for monolithic active/passive integration. Over the
past years, we have tackled design and fabrication of a
Mach-Zehnder interferometer (MZI) all-optical switch circuit
integrating multi-mode interference (MMI) couplers and
semiconductor optical amplifiers (SOAs), and successfully
realized the circuit by the selective-area metal-organic vapor
phase epitaxy (MOCVD) for the first time. Currently, we are
pursuing the higher-performance all-optical switch with a
novel structure that merges the SOA and MMI.

At the same time, the research on all-optical flip-flop,
that is another essential element for photonic digital
processing, has made another significant progress; MMI
all-optical flip-flops with distributed Bragg reflectors (DBR)
have been developed, and they have been utilized with the
above mentioned all-optical gate switches to result in
successful demonstration of all-optical routing of 320-Gbps
WDM optical packets through optical label processing. We
have also succeeded in demonstrating
polarization-independent operation by introducing tensile
strain into the multiple quantum-well (MQW) active layers.

In addition, we have also been working on scalable
integrated matrix optical switches that enable fast routing of
optical signals. In 2007 academic year, we have fabricated a
novel optical phased-array 1x5 switch and demonstrated basic
functions such as broadband operation and fast switching
response. At the same time, we have also launched a
research on micro-machined integrated optical switches and
highly functional devices.

Concurrently, as one important application area of the
photonic integrated circuits, a photonic network node
subsystem has been constructed under university/industry
collaboration, where 10/40-Gbps bitrate-transparent operation
as well as contention resolution via deflection routing in a
In 2007 academic

year, we have succeeded in field-trial transmission over the

3-node system has been demonstrated.

JGN2 testbed and demonstrated applicability to real systems.
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By artificial manipulation of potential profiles in
semiconductor quantum well and super lattice structures with
accuracy of atomic order, one may significantly alter inherent
optical properties of semiconductors. The purpose of this
research is to bring about innovation in semiconductor optical
modulators/switches and light-controlling devices by making
use of such artificial optical properties. More specifically, a
special asymmetric coupled quantum well structure is
investigated based on InGaAlAs/InP materials for large
electro-refraction in transparent wavelength range apart from
the absorption edge. We have also focused on a novel type of
optical modulators/switches based on index change associated
with expansion of the depletion layer through applied electric
field and clarified its dependence on N-doping density.

Besides these activities, we are conducting research on
(ISBT) Nitride-based
heterostructures for future ultrafast all-optical switches, and

intersubband  transition in
have renewed our record on the shortest ISBT absorption
wavelength in AIN/GaN multiple quantum well (MQW)
structures by metal-organic vapor phase epitaxy (MOCVD).
We have also realized 1.55-pm all-optical switching with

minimum optical pulse energy to date by utilizing hybrid
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growth with molecular beam epitaxy. Currently, we are
trying to grow AIN/GaN MQWs at low temperature by a
novel pulse-injection MOCVD, so as to make 1.55-um ISBT
possible in all-MOCVD-grown samples in the near future. We
have also been working on wet/dry hybrid etching technology
to reduce propagation loss of AIN ridge waveguides as well as
novel type of spot-size converter to achieve further reduction
of switching power.

3. REHRFEBRL—Y - SEeBEERT
HREPFENE - EZILERD - RS - EREES -
R A - RZR - £ER-F-C. 4> b -

WE A7 - O IE - S

Next Generation Semiconductor Lasers and Active
Optical Devices with Advanced Functions

Y. NAKANO, M. SUGIYAMA, T. TANEMURA,

A. HIGO, T. HAYAKAWA, X.-L. SONG,
S.-R. WANG, F.-C. YIT, T. AMEMIYA,
K. HORIGUCHI and G. TAKAHASHI

WA - JEEMALE A8 5 /N S MERE IR O B
F & BT 21T > T\ b, ZHvE CHERITIERNIT T
1T T IREREA (GO) /AR IR IR (DFB) 38R L —F |
RS WDM (CWDM) A RZEE /Y vy VL —V
T LA ZRHE L, MOCVD BRI BT % LR & Fl
HREL — VAR L T 5,

—J7. TREGVEGIE L ALY T DR E A
T TREZ B AN T A V) L —H DR L REEIE A
WHTEY DFBL—H L TEE—RET A VL —FDF
Uy TERER Y BEERMRE T TE R, 2007
EEIX, MnSb ZFRBEMEREICRIA L2 ™ E— N7 A
L— X M CEBLL, Bz CIExIFRE R L% FFo
IR 2 > =2 RNT AV L—F O TRICETFL
7=

For and

the purpose of developing

high-performance light sources for next-generation optical

compact

communication and optical information processing
applications, we are pursuing the following research subjects.
Starting with the gain-coupled (GC) distributed feedback
(DFB) semiconductor laser that we have been pioneering and
the wavelength-multiplexed monolithically integrated laser
array for coarse WDM applications, we have been working on
various types of highly functional lasers based on the
selective-area MOCVD.

Proposal and fabrication of an integratable waveguide
optical isolator consisting of a ferromagnetic metal and a
semiconductor optical amplifier are being carried out in recent
years, resulting in significant achievements such as monolithic
integration of a DFB laser and a TE-mode optical isolator. In
2007 academic year, a ridge-waveguide TM-mode optical
isolator with MnSb as the ferromagnetic layer has been
fabricated for the first time. We have also launched a research

on novel type of optical isolator based on nonreciprocal



polarization converter with asymmetric waveguide structure.
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Ge Metal-Insulator-Semiconductor (MIS) interface
properties

S. Takagi, M. Takenaka, H. Matsubara, T. Sasada
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One of the most critical issues on realizing high
performance Ge MISFETSs is the formation of MIS interfaces
with high quality interface properties. We have fabricated
GeO,/Ge MOS interfaces by using thermal oxidation. It is
found from these capacitors that the minimum values of the
interface state density are less than 10'"' ¢cm™ order and that
the interface state densities of the GeO2/Ge MOS capacitors
on (100), (110), (111) Ge substrates are almost same. Also, we
have proposed a temperature-dependent conductance method
in order to examine the energy distribution of interface state
densities. It is found that this method allows us to evaluate the
interface state density over a wide range of the surface
potential from the valence band edge to the conduction band
edge.

2. Ge Metal-Insulator-Semiconductor (MIS) FET
[CEA9 5813
BARE—. M 3% Sanjeewa Dissanayake.
&, PALEG. FHEC
Ge Metal-Insulator-Semlconductor (MIS) FETs

S. Takagi, S. Sugahara, T. Uehara, S. Dissanayake, S.

Tanabe, Y. Nakakita, K. Morii
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We have successfully fabricated Ge pMOSFET by using
Ge02/Ge MOS interface with Dit of around 1012 cm2eV-1.
The front gate MOSFET exhibited around 2[] mobility of the
Si universal mobility. Another critical issue on realizing high
performance Ge MISFETs is the establishment of the
formation technologies of high quality Ge channels,
(GOD)
accompanied by the new channerl structures.

channels
We have
succeeded in fabricating (110) surface ultrathin GOI structures,

particularly, ultrathin Ge-On-Insulator

which are expected to provde high hole mobility, by using the
Ge condensation technique.
realized the MOSFET operation of the channels under the
back gate operation. This is the first demonstration of (110)
surface Ge MOSFETs. The hole mobility enhancement factor
is around 1.4, which can be improved by optimizing the

We have also successfully

crystal quality of the GOI layers and the MOS interface
properties.
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Electrical Properties of Strained-Si MOSFETs

S. Takagi, M. Takenaka, O. Weber
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The uni-axial strain technology using local strain techniques
for enhancing the current drive of Si MOSFETs has already
been in a practical use. However, the impact of the
combination of bi-axial strain introduced by global strain
substrates with the uni-axial strain on the mobility of Si

MOSFETs has not been understood yet. Thus, we have



systematically studied the effects of the mechanical uni-axial
strain on the electron and hole mobility of bi-axial strain Si
MOSFETs on SiGe relaxed substrates. As a result, it has been
demonstrated that, as for n-MOSFETSs, the combination of
bi-axial strain and uni-axial strain along <110> direction is
quite effective in enhancing the electron mobility, because of
increased contribution of shear stress. It has been found, on
the other hand, that the combination of bi-axial strain and
uni-axial strain is not effective in enhancing the hole mobility
of p-MOSFETs, because the impact of shear stress on the hole
mobility significantly decreases with applying bi-axial strain.

4. Si ERLE®D 11V RiLEMFEK Netal-
Insulator-Semiconductor (MIS) FET [ZBEd %
HR
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111-V compound semiconductor
Metal-Insulator-Semiconductor (MIS) FET on Si
substrates
S. Takagi, M. Takenaka, T. Hoshii,
T. Haimoto, S. Nakagawa
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Enhancement of carrier transport properties in MOS
channels is regarded as mandatory for continuous increase in
the current drive under deep sub-100 nm regime. As for
n-channel MOSFETs, however, any promising technologies
after bi-axial tensile strain, which can provide the mobility
enhancement of twice as high as in conventional Si
n-MOSFETs, are still lacking. Thus, III-V semiconductor
MISFETs, expected to have higher electron mobility, has
recently stirred a strong interest. We have started to examine
the feasibility of III-V semiconductor MISFETs on Si
platform from the both aspects of theoretical predictions, the
formation of III-V films on Si and SiO, and MIS interface
formation technologies on III-V. As for the formation of III-V
films, we have demonstrated the epitaxial growth of the
InGaAs film and InAs pillar on (111) Si substrate by using the
micro-channel epitaxy method. We have also demonstrate the
MOS interface with Dit of around 10" — 10" ecm?eV! by
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thermal wet oxidation of the InAlAs/InP structure.
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Ferromagnetic Metal / Semiconductor
Heterostructures and Spin Transistors
M. TANAKA, R. NAKANE, T. HARADA, and S.
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It is expected that the feasibility of growing
monocrystalline high-quality ferromagnetic thin films on
semiconductors leads to a new class of materials which
combines the properties both of semiconductors and of
ferromagnets, giving rise to new applications. We have
successfully grown ferromagnetic MnAs films with hexagonal
NiAs-type crystal structure on Si and GaAs substrates by
MBE. Furthermore, we have successfully grown
MnAs/I1I-V(GaAs,AlAs)/MnAs trilayer structures having
good crystalline quality on Si(111) and GaAs (111) substrates,
and have observed the spin-valve effect and tunneling
magnetoresistance (TMR), which can lead to the application
to magnetic-field sensors and magnetic random access
memory (MRAM). Furthermore, we proposed and analyzed
a new class of silicon-MOS based spin transistors (Spin
MOSFET) and their application to ultrahigh density
nonvolatile memory and reconfigurable logic devices. We
are investigating device processes for realizing Si-based spin
devices including spin MOSFETs.
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111-V Based Ferromagnetic Semiconductors
(GaMn)As, (InGaMn)As, Mn-delta-doped GaAs,
and their Ultrathin Quantum Heterostructures
M. TANAKA, S. OHYA, A M. NAZMUL, M.
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We have successfully grown a new III-V based magnetic
semiconductor (GaMn)As by low-temperature molecular
beam epitaxy (LT-MBE), in which strong non-equilibrium
growth conditions allow a large amount of Mn atoms to be
incorporated into the host lattice of GaAs. Ternary alloys of
(Ga;xMny)As were obtained when the Mn content X was less
than 0.08, and all of them showed p-type conduction. By
magnetization and magneto-transport studies on the GaMnAs,
ferromagnetic order was found at low temperature and the
Curie temperature Tc was 10 - 100 K. This is a new class of
materials having properties both of III-V semiconductors and
of ferromagnetic materials, providing new opportunities to
study the interaction between carriers and local spins.
Furthermore, we have grown magnetic(GaMnAs) /
nonmagnetic(AlAs) semiconductor superlattices (SLs), and
the SLs are shown to have quantum well states. More
recently, we have successfully grown a new quaternary alloy
magnetic semiconductor (InGaMn)As, and have found that it
is ferromagnetic with Tc ~ 130K. In (InGaMn)As, the
lattice constant and the bandgap can be changed, and it can be
grown on lattice-matched InP substrates, thus having good
compatibility with optical communication devices. More
recently, we have realized high T¢ of 172 —250 K in
Mn-delta-doped GaAs / p-AlGaAs heterostructures, which are
the highest values ever reported in III-V based materials.
Recently, we find out the giant planar Hall effect in
Mn-delta-doped GaAs / p-AlGaAs heterostructures and
clarified the magnetic anisotropy. Such new magnetic



quantum heterostructures are very attractive in view of
fundamental research as well as potential applications to
"spintronics".
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Magnetic Tunnel Junctions using Ferromagnetic
Semiconductor Heterostructures and Large
Tunneling Magneto-Resistance
M. TANAKA, S. OHYA, and P-N. HI
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We have observed very large tunneling magnetoresistance
(TMR) in epitaxially grown GaMnAs/AlAs/GaMnAs
ferromagnetic semiconductor tunnel junctions. Large TMR
ratios more than 70% were obtained in junctions with a very
thin (<1.6 nm) AlAs tunnel barrier when the magnetic field
was applied along the [100] axis in the film plane. The TMR
was found to rapidly decrease with increasing the barrier
thickness, which is explained by calculations assuming that
the parallel wave vector kj; of carriers is conserved in
tunneling.  Recently, we observed negative TMR and
oscillations of the TMR ratio (with varying the AlAs
thickness) in GaMnAs/AlAs/InGaAs/AlAs/GaMnAs
double-barrier ferromagnetic tunnel junctions, for the first
time in magnetic semiconductor systems. This is caused by
the appearance of resonant tunneling and TMR effects at the
same time. Realization of such large spin-dependent
tunneling in semiconductor heterostructures, that is spin
injection from one semiconductor layer to another
semiconductor layer via tunneling, is an very significant step
towards future spintronics, in which one tries to use the spin
degree of freedom in semiconductor devices.
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Semiconductor-Based Magneto-Photonic Crystals:

Ferromagnet(MnAs)/111-V Semiconductor Hybrid
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Multilayer Structures: Fabrication,
Magneto-optical , Magnet-resistive Properties, and
Device Applications
M. TANAKA, M. YOKOYAMA, P-N. HI, and S.
OHYA
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We have fabricated ferromagnet(MnAs)/111-V
semiconductor(GaAs)  granular  structures,  hereafter
GaAs:MnAs, by annealing (GaMn)As at 500 - 800°C.
During the annealing process, MnAs ferromagnetic clusters
with diameters of a few nm were formed in a matrix of GaAs
(or GaMnAs), exhibiting a superparamagnetic behavior. We
have established the fabrication process and have measured
magneto-optic properties. Furthermore, we have fabricated
GaAs:MnAs sandwiched by GaAs/AlAs distributed Bragg
Reflectors (DBRs), and have showed significant enhancement
of magneto-optical effect by using multiple interference and
localization of light in the GaAs:MnAs magnetic layer. This
structure offers new opportunity for the application to
spin-controlled photonic devices based on III-V compound
semiconductors. Recently, we have found extremely large
positive magnetoresistance of 600 % at room temperature in
the GaAs:MnAs granular structures, and further investigations
are underway. Furthermore, we found that an emf can be
induced by a static magnetic field in magnetic tunnel
junctions (MTJs) containing zinc-blende (ZB) MnAs
nanoparticles. As a consequence, a huge magnetoresistance
effect of up to 100,000% was observed at certain bias voltages.
Our results show, for the first time, that Faraday’s Law of
induction given in 1831 must be generalized to take into
account spin effects in magnetic nanostructures.
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Group-1V-based Spintronics Materials and Device
Processes
M. TANAKA, S. SUGAHARA, R. NAKANE, K.
SUGIURA, Y. SHUTO, S. YADA, H. ENDO, and S.
KOKUTANI
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TN T 7 ARG SRR DR B UV R A
GeFe D1EH & BIAIREE R X OWROLF IR 2 L oW
M3, SOI (silicon on insulator) FEMK -~ Fe,Si D/ERL
LEDAE Y MOS T/ A7 ARG Ea D T
WD,

It is no doubt that Si and group-IV semiconductors will be
continuously important in the future, because they are used for
MOS transistors and integrated circuits. We study the
fabrication of group-IV (Si and Ge) based magnetic
semiconductors and ferromagnets with high spin polarization,
such as half metals, which are compatible with group-IV
their
We have grown GeMn and clarified the origin of

semiconductors, and applications to spin-device
processes.
its ferromagnetism, successfully fabricated ferromagnetic
GeMn. Also,

successfully grown a new ferromagnetic semiconductor GeFe

amorphous semiconductor we have
and clarified its microscopic structure and magneto-optical
properties.  Recently, we have successfully fabricated
ferromagnetic Fe;Si on silicon-on-insulator (SOI) substrates,

and developed spin MOS devices.
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Fusion Ferrotronics with New Multi-Ferroic
Materials

H. TABATA, M. SEKI, R.MORIHARA

BRI TR (FREHEME : ferro-electric) & A BB
(M © ferro-magnetic) & &R o~ F 7 zva A v/
WX, AE VT AL AOREEE ZRIEIC T B
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HEFOMELIETIT-o T D,
(ME) multiferroic which
simultaneously exhibit magnetic and dipolar electrical

Magnetoelectric materials,

ordering, have garnered significant scientific and
technological interest because of their potential for use in
novel multifunctional devices. Recently, multiferroic
properties have been reported in several kinds of oxide
materials. These materials exhibit ferroelectric properties with
a Currie temperature more than 500 K, while the magnetic
transition temperature is considerably lower than room
temperature. We have succeeded for the first time in
fabricating the lutetium garnet ferrite thin films with
remarkable multiferroic properties observed at room
temperature. The misfit between the lattice parameters of the
film and substrate is utilized to break the inversion symmetry
of the cubic garnet structure and induce ferroelectricity in

the films.

2. REVI SR - YS9 —FRHW: ‘W5 E”
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“Yuragi” Electronics based on Spin-glass and
Relaxor Materials.
H. TABATA, M.SEKI
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i, ALkF2AIRLL, MItfFEL “Pb&” MNglER D
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Learning form bio materials and learning for bio material,
there two approaches lead us a new paradigm of electronics.
“Yuragi” which is so called “nose” or “fluctuation” is
commonly avoided phenomena, so far. In our bio system,
such as human body, on the other hand, “Yuragi” is a
indispensable function. We are trying to mimetic these
“Yuragi” phenomena by using physical fluctuation such as

”

“spin-glass”, “relaxor” in there spin and dipole moment are
competed. We have discovered that spinel type ferrite thin
films fabricated by the pulsed laser deposition technique show
a spin-glass-like behavior near room temperature, and that
with exposure to light, the glass state would be melt and
magnetization would increase. Recent spectroscopic
measurements revealed that the photoinduced intervalence
charge transfer among the cations is responsible for this high
temperature photomagnetism. n a solid, a diluted magnetic
semiconductor with an interaction between a charge and a
spin allows us towards fabrication of new functional devices

with a freedom of a spin.

3. YU LBECHBIEIZKEF/ NAATN
A AR
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Fabrication of Nano-Bio Devices using Programmed
Self Assembling Technique.
H. TABATA, M. SEKI, T.UNO, M.NOGUCHI
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BET 22 LT R - T mWEAE & K E R IER R
A% Zn0 T/ vy ROKIZHRE L, F#iz, 7/
0y NIZOEAEREEE A 5 U CERAMDE R R CTEE AN
JELZe N HEt 7 m—7 DA TR 2 &
HfZE 2 2 < ST, MBS UL PRI ZR AL E
. 7= REETEAEND Z L2 PO TR L
F L7,

A solid surface is formed as various fields of adsorption
phenomena of molecules and atoms included a crystal growth
of films and nanostructures. Physical, chemical and structural
properties on a solid surface are strongly dependent on an
In future,
incorporated a

orientation and a polarity of a crystal.

nanostructures and  nano-electronics

fundamental process of a crystal growth is indispensable for



investigating a high functionality. In this work, we focused on
nonpolarity in ZnO and examined a self-organization of
nanostructures and its functionalities. The grown surfaces
were composed of a homogeneous wire structure at
nano-scale. A construction of quantum size space under the
underlying wire structures appeared one-dimensional electron
transport and polarized character of excitonic emissions. From
the above research, we are aiming at self-organization of
nanostructures based on oxide materials and its functionality

for various fields.

4. NAF - BEERIZAITETIANILYEMRERE

SO RS =
Development of THz Technology for Bio-Medical
Applications.

H. TABATA, T.UNO

T T VY R RO YR E 2 T AR B E Sy - 0
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DM % AU Z T2 R BR 720/ BRI T, FRAMRRO ]
TR D LIENRW oD, BREIZBWTE, M
RIpEWCEDHELR DN LR THY | BOEE
DIDDOEM V2D, Fexid, KERLT COLMmE
T —Z WA WS T OEY OIIERA . AL
Sy T ORFREAB, Mle L~ DT AL DR
DS E RS L BRIIMT T T~V Sy
SEM OB E B L T2,

We have constructed a terahertz time-domain spectroscopy
(THz-TDS) system based on a conventional pump-and-probe
setup and performed reserach of analytical terahertz
spectroscopy and imaging by THz-TDS. The terahertz
radiation can pass through a wide variety of materials, such as
clothing, paper, plastic, wood, ceramic, and fragile biological
samples with nondestruction, but cannot penetrate metal or
water. Therefor the spectroscopy in THz radiation enable us to
provide effective and novel information in chemistry and
biochemistry. Then we attempt to detect the vital existence
under some specific circumstances, natural disaster et al.,
chemical agents such as agricultural chemical, pesticide
residue, and narcotic drug, and molecular interactions with the
use of the unique and characteristic properties of THz
radiation.
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Multi-Scale Reaction Analysis and Growth
Simulation of Metalorganic Vapor Phase Epitaxy
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R. ONITSUKA and Y. TOMITA

AL RSB E (MOVPE) ot L, EEET
NA 2DV, & UTKRBEE 2 V- BFEICHE LT
%, LU, ZEEPKAULT D200, FEEANOBEGE
AL DB — (b & X D IR, 7 7 AEFORE
PO CEHEIL/R>TW\W5D, Tz, EBHET A ADOIER
WCHDNREREE 7 2B T, w27 RkoH
HBPAREICEETH LN, T3 AOEME R I
W 5~ R 7 DB EZZE LT~ A HREINME L
B, ZTOXIRIEBEBRAr—)L, A 7 aAr—)LIZk
\7 %5 MOVPE 7' 2 & A ORI 725X FTRBIZ T D729,
B A ) = X AOBYRIZE SN - I aLb— 3 U
FLTWD,

TEE A7 — L OEE R L O S O RIS
Wy a b= a2k V| InGaAsP 5% 4 JLiRdh Dk
Rl LR ONAAEN TRIFTREE LT& 7, &<IT, B
FERENSD As, P OBERE % in situ KSRk
BIZ XV HIET D Z & T, As, P [EFRAIREE O EME 722 TH 2
AREIZ LT, ZO LI ICHER ST TE LS ET V&,
MY B EICRE R S T R X VY T X
WAL, KEY 77 ZNTORHH TRl - ¥—{bx B
L7zifge b T 5,

—J7. 3R MOVPE IZBW T~ A7 OREHICERK S
% pm A7 —/VOREIRE - MDA L TR, &
PEH O L & REPER + RSSO ME T — Z 125
SLETFIMMEB LRV I 2L —T g v EfTo &, 2
NZEFREESET, B MOVPE [CB W CHEEFH 1
EONY KXy o 7R ERICTHT 5 2 LA AR/
> TW5B,

COXIRBERFEO I 2 L—a b ilc, B
WRRICL D BT HTOEEL TR L, BIRREFEIRICE
YD L —HORE (TE - TM £— F) Z{E0 510 Dk
FHTREEREE L,

I 51T, GaN < InN 7¢ EE{bPpERicx L Th
DERBESETCELET VI FEEZEA L, KIS E
REERTNORARNT A =2 BT 5 Z LICksh L

7

Metalorganic Vapor Phase Epitaxy (MOVPE) process is
suitable for the fabrication of semiconductor optical devices
especially for the mass production using large reactors. As
the size of MOVPE reactors enlarges, the design of reactors
and process conditions that realizes good uniformity of the
growth rate and the content of epitaxial layers becomes
essential. For the selective area growth technique that is
effective for the fabrication integrated devices, the design of
mask patterns is essential. Especially, we have to consider
the interference of neighboring masks when the device
integration proceeds. We have developed the simulation to
realize the theoretical design of the MOVPE based on the
understanding on the mechanism of this process.

By the simulation based on the understanding of transport
phenomena and chemical reaction inside a MOVPE reactor,
we have made it possible to predict the distribution of the
growth rate and the content of InGaAsP quaternary layers in a
reactor scale. Especially, surface in Situ monitoring of the
desorption processes of As and P has made it possible to
predict the As/P content of InGaAsP precisely. We are
applying this simulation technique to a planetary reactor that
can grow 7 wafers at a single growth and are trying to achieve
the uniformity of growth rate and content inside the reactor.

We have also enabled the prediction of the bandgap-shift
due to a given mask pattern in selective area growth based on
the understanding of gas-phase and surface diffusion and
surface reactions. This technique has enabled us to design a
polarization-controlled laser by selective-area MOVPE, which
has been validated by fabrication and measurement.

We are extending this scheme to nitride semiconductors
for the purpose of integrating LEDs covering whole visible
wavelength range by selective-area MOVPE. Basic kinetic
information on the selective-area growth of GaN and InN has
been obtained and extension to the multiple quantum wells of
InGaN is now under investigation.
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Modeling and Control of Growth Surface in
Metalorganic Vapor Phase Epitaxy (MOVPE) using
In Situ Monitoring
M. SUGIYAMA, Y. NAKANO, Y. SHIMOGAKI,
M. DEURA and Y. TERADA
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Optimization of metalorganic vapor phase epitaxy
(MOVPE) necessitates focus on non-steady operation such as
gas-switching sequences at the growth of hetero-interfaces so
that we can obtain hetero-structures such as multiple quantum
wells with monolayer-abrupt interfaces and the surfaces for
high-mobility electron channels, the topmost surface of which
must be controlled in an atomistic scale. The growth surface
of MOVPE is not simply an interface between a vapor-phase
and a solid, in which a gas-phase precursor impinging on the
surface crystallize immediately. A surface adsorption layer
exists on the growth surface which acts as a "buffer" between
the the
incorporation of surface atoms to the crystal. The atomic

adsorption of vapor-phase precursors and
content at hetero-interfaces is thus determined by the behavior
of the surface adsorption layer.

It is necessary to elucidate the effect of non-steady
operation such as gas-switching on the surface coverage and
the atomic content of a surface adsorption layer, in order to
obtain hetero-interfaces, the atomic content of which is
controlled by a monolayer scale.

situ monitoring of the growth surface of MOVPE for the

We have adopted optical in

growth of InGaAsP system, and have been successful in
obtaining the time constants of elementary processes
regarding the surface adsorption layer such as the adsorption
and the crystallization of group-III atoms. Such information
on elemental kinetics allows us to model the transient
behavior of the surface adsorption layer at the growth of
hetero-interfaces, by which we should be able to devise
sophisticated ~ gas-switching  sequences to  obtain
monolayer-abrupt hetero-interfaces.

For the application of high-mobility FETs using a III-V
semiconductor channel, stabilization of the surface after the
growth is quite important because oxidation of the surface
between the growth of a III-V channel layer and the

deposition of a gate dielectric material leads to interfacial
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states that degrades the operation of the FETs. Surface
passivation in a MOVPE reactor subsequent to the growth
without air exposure is desirable for the purpose of
suppressing surface oxidation. We have devised two surface
passivation methods using common source materials in
MOVPE: the sulfer passivation using H,S and the Al
passivation using (CH;);Al.  Both methods require control of
the atomic content in the surface adsorption layer, for which
in situ surface monitoring contributed to the optimization of a

gas-supply sequence.
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For further development in the performance of silicon

LSIs, it is proposed that silicon platform should be integrated
with n-MISFETs with III-V compound semiconductor channel
layers that have high electron mobility. There have been
substantial efforts to realize the growth of III-V layers on a
silicon substrate, but they could not eliminate threading
dislocations due to the lattice mismatch between a III-V
compound semiconductor and silicon. We take advantage of
the requirement of device structure that we should grow I1I-V
layers on the selected part of the silicon wafer, and adopted
the selective-area growth of III-V layer on a 1-ym-wide spot
This
selective-area growth, when combined with the lateral growth

defined on a silicon substrate by an SiO, mask.

of a III-V layer on the mask, will provide a thin
dislocation-free III-V layer on the mask, which is desirable for
a MISFET on insulator.
for obtaining a single domain crystal.

The narrow growth area is essential
We call this method



"micro-channel selective-area growth."

We have recently obtained a single grain InGaAs layer (6
um in the lateral direction and 0.2 pm in the thickness)
without threading dislocations. We are now trying to reduce
twin domains and obtain device-quality III-V layers on a

silicon substrate.
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Design and Implementation of Micro Vacuum Pump
M. KUBOTA, M. SUGIYAMA, A. HIGO,
Y. MITAand S. Ma
KA WL RERET 72012, FOULYA X
DOWBEBREME P RRO LTV D, 2O7ZDHITIL,
~A 7 nEESHE R EEEETHIET S MEMS 234
LD, TIT, @7 AR b ORI THAH 2%
LT MEMS [ZFEE AT 22K 7 2 tat L, € D)
ERERFEL TV 5,

In order to realize safe and secured life, a handy sensor to
detect a trace amount of environmental substances is required.
For this purpose, we need MEMS that operate under high
vacuum such as a micro mass spectrometer. We are
developing a micro vacuum pump that can be integrated with
such as

MEMS wusing micro fabrication technology

high-aspect-ratio etching.
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MREEE OB (Effect of 1°'H,purge time and TMGa
supply time in GaN growth by pulse injection
method), %5 55 [AISAMBRFEIRE G 2 (A A
K*¥), 28a-B-10, 3 A 27-30 H (2008)

MR, B EEE, AZIIER, FRESE,

i
W]

sk

HEFE

BE:  “MOVPE BIREKEDOKIGET U v 7 - SARTEEL
E F LI L D GaN B K E 0 A

(Vapor—phase—diffusion-based analysis of GaN
growth by selective area metal-organic vapor
epitaxy), 2 55 RGP BR - BIRE AR S (A A
K=), 28p—B-8, 3 H 27-30 H (2008).

wHE, WEMmh, ZI0ER, FEEs, s
M “BEREKR InGaN &7 H P21 2 KUBEHUC
LoRERIEETT
shift of
quantum well by vapor phase diffusion” , % 55
S A B2 PSR G a2 (A AR KRSE), 28p-B-9,
3 H27-30 H (2008).

ERNSE, WEEz, FRIKER, FERHR, KK
W, AZILIERN, 2 EATHE, HEPRERT: “MOVPE J&IC
£ % InGaAs/InAlAs FACQW RS & (AR ZS FHFERT
ffi (Fabrication on InGaAs/InAlAs FACQW by MOVPE
and It’ s phase Modulation Characteristics)” ,
% 55 B F BRI S S (H AKRT),
29a-7G-5, 3 A 27-30 H (2008).

AT T LB TN, MIER, FIERE: SRR
REAY Y FMERICEAE /Y vy 7 EREAHET

(Photoluminescence peak

wavelength selective—growth InGaN
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[61]

[62]

[63]

[64]

A & Wi

Monolithically
Active MMI Coupler using the Selective Area
Growth Method)” , %% 55 [BIJ& W EE S BEtRE A
W (HAKT), 29a-726-7, 3 A 27-30 H (2008)

BUFHLHR, TEAREE, Kumtornkittikul Chaiyasit,
HILER, HhEPFRE: “GaN/AIN H 7y FHERS
HAA v F ORILEAFIFEMESE  (Improvement in

characteristic

77 4 7 WL O
Fabrication

(Design and

of a integrable

of absorption saturation in

optical switches utilizing Gan/AiN-intersubband
transition)” , 5 55 [Bli M ABRE A EES
(AAKE), 30p-ZF-4, 3 H 27-30 H (2008).
T EME - R WEEC - 210 BN - R 0E - FRiE aE
5 7R MOVPE 7 1 & 2 DFFATIC & % InAsP FF
DR, b Lt 73 0 (R KT), E301,
3 A 17-19 H (2008)
W fit - EH fhE - L IERn - FBE S5 - R
Bp B T T Y U L ORI HEAR SUHE AL
RICHIT 2 ZAMBILR ORI, AL 73 4
(BFlIK5) , B304, 3 A 17-19 H (2008)
H Bk - B R - 20 Efn - PR TE -
G I VIR = 07 NI = Rl F S A - VA NN 5}
HORIRRIC L 5 Si k- TTT/V AL & -81kE D F
B, Ak LR 73 Ml (FREKT) , E308, 3
H 17-19 H (2008)
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1. h—RoFr/Fa—TOERFEK
Jnigg KE—ER
Carbon Nanotube Electroluminescence
Y. K. Kato

N—=RF ) Fa—TOERENT, ZDOT ) X 7—
D —RITHIEEICH R T DR BB AT =7 hr=
7 AR CE S AREMEDR D D, H—DHEI —R T
) Fa—TnbRBEB IR T UAF L
BAMOT IE2AT - TV D, RS OREE 36 S OUEBRIZ
TLRBERDDLZEIZKY, I—RF /) Fa—TD
A7 rxb 7 br=27 2B L L TOFMBICRILT, *
TPERDEHERD X H12F v U P —1EAITL V3L
TOHFRFOEEE LTI &2 B L T2 D T
Do

Electroluminescence from individual carbon nanotubes has
potential applications in optoelectronics because of the
characteristics ~originating from their one-dimensional
structure. We fabricate field effect transistors with channels
consisting of an individual single-walled carbon nanotube,
and perform micro-electroluminescence spectroscopy. Our
aim is to understand the light emission mechanisms, thereby
assessing the potential for carbon nanotubes as optoelectronic

material.

2. HA—ARoF/ Fa—TIC&EERMRALITH
pir
K WS - N HE—RD
Light Emission by Charge Pumping in Carbon
Nanotubes
T. Murai, Y. K. Kato

=R T ) Fa—=TRARFOMEE, =R T
JFa— T NEEEETHD Z LMD, pn EEFKNY
A F— FITREBENDWERM D )L 7 HER TR S
TWHHRFHEZ N TITEPRTWD, TS L, &
—RF ) Fa— T PNEARREME R L LTSS D
ZLERFIALIEH LW TH 5 TEAIRA LTS
Yt DR A FEIET D7D, FEFHEDORIE LAFE A
DIRFF ATV, IRz B9,

Carbon nanotubes offer a good degree of control over the
Fermi level, as a result of their characteristics as intrinsic
semiconductors. Taking advantage of such properties, we are
aiming at a proof-of-concept device that allows for light

emission using charge pumping.
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(2007).
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1. R]EFBREHTSXIDT OhILREEHE
S N S B R S B S N
Measurement of Radical Reactions in Atmospheric
Pressure Nonthermal Plasma
R. ONO, T. ODA, C. TOBARU, Y. TERAMOTO
RREHB M 7T X~ O ROSHEME Z R 2720,
T D ANIIVEE D ZER TR A . L — IR
FOWELTWD, L—FFE0LE (LIF) 12X % OH
7V NO 5f HELTEUERL Ny(A) S+, IRENhiE
O iy FEFEDFHI, “Je TR LIF 12X 2 0 7 P 0V
FERHI, ZWREBRINEIZ K DAY B ERHIIZ TV, =
B JRER AN TR ERKEIEBES T X~ T
DT ANDEIETSTND, TOPRICEY, Ak
V—~DZE) & T O HNVERE ORERZR SR BT
DOoOH %, ABMIEIL, BT T X< L HRRTE
JWERRER E dkax 277 A= IGHEANCERT 2 b
DTH D,
T VRNV OSEEITIREC R KET D720, A%
TILLIF 22 EOFIRIT LY | ZF O REAR IR R L
HAEL TS, LIFLIFA MY —<EDORKIGET L
TIEHEBEMREINDD, ZHUIR LT, MEKRTHIZ
{RHE7S 400-1000K & EF-9°2 Z L 3BT~ T,
To investigate the reaction processes in atmospheric
pressure nonthermal plasma, density of radicals was measured
using laser spectroscopic techniques. OH radicals, NO
molecules, Ny(A) metastables, and vibrationally excited O,
molecules were measured by laser-induced fluorescence (LIF),
O radicals was measured by two-photo absorption LIF
(TALIF), and ozone was measured by two-dimensional laser
absorption technique in atmospheric pressure nonthermal
plasma such as corona discharge and dielectric barrier
discharge. Time evolution and spatial distribution of these
radicals have been observed in order to clarify the production
and chemical reaction processes in the non-thermal plasma.
This
technologies such as removal of environmental pollutants

research contributes to various plasma-applied
using nonthermal plasma.

The rate of chemical reactions in the plasma strongly
depends on temperature. Therefore, the kinetic and vibrational
temperatures of molecules were also measured. In reaction
models of streamer discharge plasma, room temperature is
often assumed. However, our measurement showed that the
temperature increases after discharge pulse from room

temperature by 400-1000 K.
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2. RFH IS XTICLDRRPBZREBEERMAD
#it
NE IR - BR SE- JEER
Cleaning of Polluted Gas by Using
Nonthermal Plasma
T. ODA, A. KURAMOCHI, and J. INOUE

WM 7T X~ DFRN 22T L KRR E
(100~1,000ppm)E(ET 5 7 11 L S DFHIEMAEYI(VOCs)
RERMILW(NOX) & D fikRET 2 it OBAFE 217> T
Wo, 7urR b 7 L EE 99%LL LT D Z LR
ARETH V. T Do EEhRm b i K v RSS2
LEBRFILTWE, YU DT AP THE )
72 3, A% SN EAT A M, FE{bS
FUT LR E L OPFHBIEIZ OV T VOC ALEE NOx ZLEE
EHITHRHAFTH D, MBI TER LAY 0%
DI OYE & MBETHMEL O F VAN ERESE, £
TRALBS & R ANAT 5 FIRIZ SV THATEZ LT 5,
@b~ B AWD 2 E THIRO T XX —hE
KIEIZ LT D Z ENMRETHD Z EAEIELTL, 7T X
~DWETEET ML LI IED Y 2 2 b—3 3 b IER
TTHD,

Atmospheric pressure non-thermal plasma processing is
studied to decompose dilute VOCs or NOx in air or
combustion flue gas efficiently. 50~1,000ppm CFC or
trichloroethylene (TCE) in air were decomposed more than
99% by the plasma.

efficiency and decomposing ratio, a novel plasma process

In order to improve both energy

combined with catalyst is under investigation. Also, DeNOx
process by using 3 way catalyst which removes NOx, COx,
and HC simultaneously, was examined. Zeorite or TiO,
with/without V,0s were also tested as catalyst with the
non-thermal plasma pressing including absorption effects. The
relation of the ozone generation and VOC decomposition is
also experimentally studied. Reaction simulation is newly
developed including non-thermal plasma development and
that chemical reactions. As a new catalyst, manganese oxide

is investigated combined with the plasma.

3. RREARA M —IHENBALIaL—V 3

~

NEF s e N R - BEORE
Observation and Simulation of Atmospheric
Pressure Streamer Discharge
R. ONO, T. ODA, and K. TOYODA

BT T X2 & DT TV NDERS G &
RRBTD, WS — b ICCD A A ToEEEA MY —

I HATIZEDRKIEAR MY —~< DR OB,
BMEDY I a2 b—a 27> TW5D, Zh bR
RELFICEDTVHNORMERREA L, HEICK

LTV HNDEFEEEZ TN TN D, TORER AV
OH 7 ¥V, NO 7. REIEIE O, 43 FidEIZ kA
MY —=THERSN, NyA)IF—KA MY —< (X hU—



ey B) TAERSND ZLERHLMNIR T, Th
LORRE S LT, MERIEZEOICHET 2 2 LT,
KRBT PHNDIEZIAIRN G, BEIRT T IND
HEAERT DR RMEY T 7 X ORREEEDTND,
Propagation of atmospheric pressure streamer discharge
was observed using a short-gated ICCD camera and a
high-speed streak camera, and it was numerically simulated.
By comparing these results with radical measurement by laser
spectroscopy, it was shown that ozone, OH radicals, NO
molecules, and vibrationally excited O, molecules were
mainly produced in the secondary streamer, while N,(A)
metastables were mainly produced in the primary streamer
(streamer head). With these results, an efficient discharge
reactor producing desirable radicals with suppressing
production of undesirable radicals is being developed by

controlling the discharge waveform appropriately.

> FHEBARDOZERMEBERAE & BRIHER
/INH ﬁ(ﬁ < NP ST
Measurements of Space Charge Distribution in
Polymers and Thermally Stimulated Currents
T. ODA and R. ONO

K FEDE ST vE A T @4 T o BB 022
B AR DREEAT > TV D, mor TR, %OD{E%L
ToMERRRRE D & 7 — T V0 ) IR O M B 1T
SHWHATWD A, Al LT < #khthoze F‘ﬁ?éﬁ
X DR E O BN & 7o o TV D, @0 Tifgss
B O 22 B AT E I IZE B R FHEE D EE  (PIPWP
1B) | L— Yk (LIPPIE) 03 b 5, AREF9E TI
LIPPIEIZEES< 2 Fﬁ%ﬁ%%ﬁ{ﬁﬂﬁigﬁ%ﬁﬁ%qﬂf%é
ZOHBMEA M BT 5702, AilH EIE S limdD 7 /L
S ULRERE L, £ I U — P IREER AR AE S
T, T IRRE GRS TN ENE M0 D
& THEE OB, HREORE S 2 —EIROI &IT
. ZERRERT M FHE L KBITE S LIk o
Too ZEMYEREIZ 1 O u mBRETH D, ZoEEPTH
BHREZ BIF 52 ERFERE 700 | BMEREREL O
BRA MM E LTEDL XD LITREIL, BUIITLE
VARRIE & OB ZET TH D,

The space charge distributions in polymers were measured

4 &5

by using a pressure wave propagation method. Polymers have
been widely used as insulators because of their excellent
but
electrostatic problems. The normal LIPP method uses a thin

insulating characteristics they also cause various
metal film irradiated by the laser but the degradation of the
film was often observed. To remove that problem, a thick
aluminum plate was fixed on the polymer surface and the
shock wave was generated on the plate surface and
transmitted to the polymer surface. That new method realizes
the measurement of reliable and reproducible space charge
distribution observation. By using that new technology, space
charge behavior with the temperature was analyzed. That
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space charge distribution change was compared with TSDC
analysis.

5. KFBEEROHEIME
ANEFSE e NE EE - R BIR - ZH AR
Electrostatic Problems in the Hydrogen Handling
R. ONO, T. ODA, A. MAEKAWA, and M. YASUDA
PRBLEEMOIRELE U TR S o kFE D, HElke (kr
W2, KFEAT—VavrRETO) LB ERLEME

DRl 21T > TWbH, KFRIFHRNEKZ X LF—N
0.019mJ T, —#RMIRTRIET 2D /10 BRETH D, =
DI HIEFTEHELICHE T, TOREMFIILETH

Do AW TIIHEXRE ZAREE LA B A= 1%
Ba MWT, ARa ZKFEREE, R, RIEERIZSWT
B/NERT RN X — 2R KERFEXAE KERIEDE
BRI 21T > TWD, £z, 1ERDE/NE KT

—FHANEICHGE DRI 2NN E D 03k Bl 21X EMR
WL DRRBOMENREBER LRB OB L TND

Electrostatic hazard for hydrogen is investigated especially
related with hydrogen station for fuel cell vehicles. The
minimum ignition energy (MIE) of hydrogen-air mixture is
0.019 mJ, which is 1/10 smaller than that of other usual
flammable gas such as methane and propane. As hydrogen is
quite sensitive to the electrostatic discharge (ESD), the
assessment of electrostatic hazard is essential for practical use
of hydrogen. The MIE of hydrogen was measured using a
spark discharge, which simulated ESD, for various hydrogen
concentrations, humidity, and electrical circuit constant. In
addition, we tried improving the conventional measurement
process of MIE, for example, by considering the cooling
effect of spark kernel by the discharge electrodes.

6. KFEWEBFKFEDS DHILEIVHREBELHE
INEF B e N E/A %E;% f&ts - mij)ll Eﬂ%
Measurement of Radical Density and Gas
Temperature in Incipient Spark-Ignited

Hydrogen-Air Flame
R. ONO, T. ODA, Y. SAITO, and A. MAEKAWA
KRB DOHERE KEE RIS 5720, KRFBIHEE K

FED OH 7 VAV L I AR % LIF 3HIl L T\ 5,

TR T A CTHREDN R AT D & MK R D AR S 4,

TN 10ps— Ims (ZEE VKR £ TRUR TR K

T, L7zhi > T ORFHEIFEE CHIHLR R DIERE, Y1

A FUANVEEERPET L, BREREKREFTD

BERPPA LN D, L LINET, KFEEEGTRH

AT 2 DY KR TIRER T ¥ 7V 2 JIE U7l

72 ARG HCEA KIEEOMIIIRELS FEHET 5 2

LNTED, HE %k&@OHaﬁ%mﬁ@ﬁﬁﬁm%

FOZEMAAAERE L, BEFKZITKRITEEL TW

LI TREEMICBI SN TS

For examining the hydrogen

ignition process, gas



temperature and OH radical density in the incipient flame of
hydrogen-air mixture produced by spark discharge were
measured by LIF. When a spark occurs in a flammable gas, an
incipient flame is produced. If it grows to a critical flame
during 10 ps to 1 ms after the spark, ignition occurs.
Therefore, the measurements of the gas temperature, size, and
density of radicals in the incipient flame are indispensable for
investigating the ignition process of hydrogen-air mixture.
The temporal and spatial distribution of OH density and gas
temperature were measured in the hydrogen-air spark kernel.
The growing process of the incipient-flame was quantitatively
measured.

1. BEEHEIMERRDILE & £ 0O x REIl
ANEER RS - N REA
Observation of Ultra-Fast Electrostatic Discharge
and Its Safety Measures
T. ODA, K. MIYASAKA, and Y. ONO

IT B2 SRR IC BV TR & 7 2 BEREI.
SVUTOREETHEAEL, Ny = ORI B RE <
ST FEICRAET D, T OMEITIFFICHII T, lum
PAF OMUNF v » 7 CH4 L, GHz LA LDy %
BLRBEHRETHD, ZOMEBEBOREAN=ALTEL
FEEAEMONTEL T ARERERLDOIZL TN D,
ABFFETIE Z OIS D BR ORI L USSRl O
ST FLA TV D,

Electrostatic discharge (ESD) causes severe problems in the
manufacturing process of IT devices. The ESD occurs below
5V, which deviates considerably from the Pachen curve. The
ESD is quite feeble and occurs between a small gap (< 1pum).
It is a fast phenomenon containing high frequency component
in the order of GHz. The mechanism of the ESD is not well
understood, which makes the development of safety measures
difficult. We measure the ESD for further understanding and
develop the safety measures against the ESD.

8. h—Ro+/Fa—JFREZDIEHA
/NHEETTR
Manufacturing of Carbon Nanotube
and That Applications
T. ODA

FHLICBEYE L7z CVD HEIC K WAERR LT —R T/
Fa—T7 2B L DB FHARIRE L To Rt
ERRAITHEEL TV 5,

Carbon nanotube is fabricated by a newly developed CVD
method and are evaluated their properties. An electron field
emission performance is examined as a good electron source.
Various chemical treatments are tested to change that

performance.
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Electric Field Measurement in Gas Using Kerr
Effect
R. YASUI, S. MATSUOKA, A. KUMADA,
and K. HIDAKA

KD T — 2 % O T B O IR ARG FIE OB
RET > T0D, ZIUIHRE G RICEE 2 5 2 TI2E
RIEZITA 2B 2B RNEFETH Y HERR
DEFIe, BRI OMBERFNIRB N T, EDOTHN
REETH D,

REEZER D F — R R K % BRI E R & VT
ZRAFEER L, 2 FREOL L TV DL ZERICE T
LERAWE L. EDOBER ORI O ZA{L
AR LT, a2 HEOE L TWRWIFIZB W T,
HIERERITBERFRME & K<~ L. e an T iE
(2 X2 ZEMERMBFET DHITITON TR, HNER .,
A A2 B B AV VML U 7 BREE N TR T
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The sensing technique based on the Kerr electro-optic
effect of gas is applied to the electric field distribution
measurement. As the Kerr constant in atmospheric air is
1.3x10""®m/V?, which is less than 1/10000 of those in liquids,
the phase retardation caused by the Kerr effect of gas is
measured by the high sensitive system based on the optical
phase modulation technique.

When an ac high voltage is applied to a wire electrode of
1 mm diameter, which is stretched 7cm above a grounded
electrode, a corona discharge occurs from the wire electrode.
By measuring the change of the birefringence under such a
condition that the external field and the corona charge
amount are controlled independently, Kerr constant of a gas
with ions produced by the corona discharge, is estimated.
It has been turned out that Kerr constant increase
exponentially with the corona charge.

2. RyTIRER - BEE VY DRAFK
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Development of Pockels Sensors
H. MATSUMOTO, S. MATSUOKA, A. KUMADA,
and K. HIDAKA
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The Pockels field/voltage sensors have been widely
introduced to electrical power transmission and distribution
systems. However, in measurements of impulse voltages by a
Pockels sensor, oscillatory components have been observed in
the tail part of optical signals of Pockels sensor. This
oscillation is caused by the piezoelectric vibration of Pockels
crystal, and its frequency is determined by the shape and the
size of the crystal. In this study, oscillatory components of
Biy;Ge;0;; (BGO) Pockels crystals in various shapes are
investigated. The tested BGO crystals are rectangular solids, a
cylinder solid and tapered quadratic solid. The oscillatory
components are derived from light output and frequency
analysis is done. The frequency of oscillation on the
rectangular crystals is lower than theoretical value and that of
cylinder solid is the same with that of circumscribed
rectangular solid. In the case of the tapered BGO crystal, it is
possible to reduce oscillatory component by distributing
piezoelectric vibration in broad frequency bandwidth.
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New Non-Contact Measuring Technique of
Mechanical Stress by Using THz Wave
R. YASUI, T. TAKEDA, S. MATSUOKA,
A. KUMADA, and K. HIDAKA
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Insulators used over a long time may have some defect in
themselves due to the aging. Usually it is not easy to bind the
defect though external diagnoses. An overhaul of insulation
system is therefore required for recognizing the extent of the
aging. On the other hand, photoelastic effect can provide
non-contact diagnoses without the overhaul.

A new measuring technique of mechanical stress and strain
which can affect on mechanical strength is developed by
using the photoelastic effect of THz electromagnetic wave.
This new technique has some advantages of handily
inspecting the insulators and sensing various materials which
are opaque in visible rays.

The spatial distribution of mechanical stress in insulator,
such as XLPE and PP, is measured by the non-contact
measuring system based on photoelastic effect of THz
electromagnetic wave. In addition, the sensitivity of the
measuring system is improved by the phase modulation
technique with a Mach-Zender interferometer.

4 L—HREEFRICKE ZMEFDEFEERE
FAATERD « FAR RS - REFEAC T « HHIRE
Electron Density Measurement in Electric Discharge
by Wave-front Sensor
H. MATSUMOTO, S. MATSUOKA, A. KUMADA
and K. HIDAKA
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It is desired to clarify the discharge process for lightning
protection, for efficient plasma reactors, and for designing
power apparatus such as gas insulated switchgear. To
investigate the structure of discharge, it is important to
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measure fundamental physical quantities such as electron
density, ion density, and electric field. A laser wavefront
sensor of the Shack-Hartmann type is constructed for
measuring electron density of discharge in air. The measuring
system consists of two lasers of different wavelength,
microlens arrays (MLA), and fast gate ICCD cameras. The
wavefronts of lasers which have passed through the discharge
in a single optical path are measured by fast-gated ICCD
cameras with MLAs. However, the sensitivity of this system
is not enough to measure electron density in discharge.

In order to improve sensitivity, we attempted the system
using two MLAs in confocal arrangement. As the length
between MLAs and ICCD cameras becomes longer, the
sensitivity of this system becomes an order better than the
Shack-Hartmann type. However, this sensitivity is a tenth of
expected value and it is possible to measure electron density
in arc discharge by using this system.
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Decomposition Reaction Accelerating Process of
PCBs by Microwave Irradiation
Y.MORIMOTO, S. MATSUOKA, A.
KUMADA, and K. HIDAKA
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Polychlorinated biphenyls (PCBs) had been used in many
applications such as transformers and capacitors. In recent
years, a new effective processing for PCBs has been
developed. With this processing, PCBs can be made harmless
by de-chlorination of them using microwave (MW, 2.45GHz).
Unlike conventional treatment, this new processing hardly
produces harmful by-product material. It is natural to
consider that the MW irradiation process has high-efficient
heating performance and also may have some non-thermal



effect.

In this year, we made such a hypothesis that the absorptive
power of the catalyst is improved by charge accumulation,
and tried to evaluate this hypothesis by some experimental
measurements. Firstly, the charge density of the solution
was measured. It was observed that MW irradiation makes the
solution consisting of mainly isopropyl alcohol to be
negatively charged, and the catalyst to be positively charged.
Secondly, the zeta potential of the catalyst was measured to

investigate the accumulated charge amount on the catalyst.

6. EREATICE T HHEBZYOTERR
EHAR « HHPORAS - AR R - A8 H HR T
HEHZ
Charge Accumulation on an Insulator Under DC
Electric Field
Y. OIDA, D. TANAKA, S. MATSUOKA
A. KUMADA and K. HIDAKA
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When a dc voltage is applied to an insulating spacer for a
long time, the electric field distribution around it changes
from the initial capacitive distribution to a resistive
distribution, which is determined by the resistivity of the
material. Consequently, charges are accumulated on the spacer
surface.

A surface charge measuring system had developed with an
electrostatic probe using the digital signal processing
technique. The number of measured points is 6846, and the
Both the wvoltage

application process and the measuring process are carried out

spatial resolution reaches 5.4 mm.

in a container (glove box) filled with atmospheric SF6.

Using this system, the distribution of the surface charge
density on an epoxy-resin cone spacer after the application of
dc +10 ~ 30 kV was measured.

In the case that aluminum/cotton wire were put on the

surface of the spacer, accumulated-charge of radial pattern
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appeared after the application of dc -30 ~30kV for 20 hours. It
turned out that both metallic substance and dielectric
substance could cause electrification of radial pattern.

1. ERMRER M) —TOERE
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Propagation of Positive Surface Streamer
I. TAKAHASHI, S. MATSUOKA, A. KUMADA,
and K. HIDAKA
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The potential and charge distribution of developing positive
surface streamer was measured with 2.56mm thick BGO
crystal. When a streamer stops, the potential decreases
linearly with the distance from the electrode, and its gradient
is about 500 - 650 V/mm, which is independent of the
inception voltage and the insulator thickness.

With surface discharge, first streamer develops on dielectric
barrier during 20ns, and second streamer develops on first
streamer. After the second streamer, the electric field on the
streamer isn’t enough high for ionization, therefore, the
streamer hardly transforms into a leader.

8. T/ MHEIIC I T D A R O R B G
HHEUE - R - FEREEA T - BEE
Nano-Second Range Electrical Discharge
Phenomena in Insulation Gases
T. TAKEDA, S. MATSUOKA, A. KUMADA,
and K. HIDAKA
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SF¢ gas, which is a major electrical insulating medium in
high voltage equipments, has been designated as a greenhouse
effect gas. Thus, it has been required to be reduced or replaced
by other gases.

Steep-front square-pulse voltages with a long duration are
useful for clarifying the mechanism of electrical discharge
propagation. It has so far been hard to generate such a voltage,
when its peak value is required to be several hundred kilovolts.
Our laboratory has introduced a new high voltage generator
making a square-pulse voltage with a rise time of 13 ns, a
dumping factor less than 2.5% after 10 ps duration and a peak
value of 200 kV, and started measuring voltage-time
characteristics of various gases.

With this steep-front pulse voltage generator, voltage-time
(V-t) characteristics of SF¢ and CF;I in uniform and
non-uniform electric field and on the electric surface were
measured. The sparkover voltage of gap in CF;l is lower than
that in SF¢ under non-uniform electric field. On the contrary,
the sparkover voltage in CF;l is higher than that in SF¢ under
uniform electric field. When the number of surface discharge
is increased, the flashover voltage in CF;l gas is lower than
that for virgin condition. The cracked gas that had been
generated by the electrical discharge under the steep, square
wave voltage application in CF;I was also analyzed.
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Micro Sensor form Measuring Surface Discharge
Phenomena
J. HAYASHI, Y. YAMAGUCHI, S. MATSUOKA,
A. KUMADA, and K. HIDAKA
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Electrostatic probes have been used to measure the
potential distribution and the charge density distribution of the
surface discharge phenomenon, and now the resolution of it is
about Imm.

By using MEMS technology, it’s expected to develop a
sensor for measuring charge distribution of surface discharge
with high spatial resolution. The fundamental characteristic of
surface discharge in micro gap was measured on a SOI wafer.
The surface flashover voltage in the gap is measured under the
application of impulse/DC voltage. When an impulse voltage
is applied to a gap of less than lum length, the flashover
voltage is 420V, where Paschen’s law holds.

Next, a prototype sensor was assembled. A pair of Si-
electrodes is made on a 2um-thick SiO2 layer for generating a
surface discharge between them. Three sensing electrodes
surrounded by a grounded electrode are made on the back side
of the Si02 layer.

From the response characteristics of the prototype sensor, it
turns out that the sensing system should be shielded carefully
for suppressing the influence of the electromagnetic induction
from the power circuit.

An improved sensor with C-MOS readout circuit was also
designed to settle problems in the prototype sensor. Source
follower circuits would be used in the readout circuit, and the
instantaneous voltage of the all sensing point at a certain time

could be stored by an electronic shutter.

10. BEET—JIL OB MERE
PARSSRE - nARHES} - RRR s
- FEH A -+ HEHRE
Partial Discharge Measurement in HTS Cable
T. NISHIMURA, Y. SUZUKI, S. MATSUOKA,
A. KUMADA, and K. HIDAKA
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Nowadays, electrical cables that provide power to urban
regions are nearly in the full of their capacity, and it is wanted
to expand transmission capacity. High Temperature
Superconducting (HTS) Cables, whose conductor is made of
HTS material, can lessen transmission loss exceedingly and
enable more lightweight, compact and high-capacity
transmission system.

HTS cable electrical

insulation paper PPLP and liquid N,. The discharge structure

insulation system consists of

is different from that of OF cable, so that it is need to solve
the destruction and partial discharge structure of PPLP in the
condition of liquid N,

In this research, on the purpose of understanding
insulation characteristics of PPLP, we compare destruction
and partial discharge characteristics in the condition of air, N,
gas and liquid N,. In this year, we investigated the
characteristics of inception voltage and the amount of electric
charge of partial discharge under AC and DC voltage using
PPLP and models of HTS cable.
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Numerical Simulation of Barrier Discharge

D. TANAKA, S. MATSUOKA, A. KUMADA,

and K. HIDAKA
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In recent years, barrier discharge plasma has been utilized
to the removal of pollutants such as VOCs, SOx, and NOx.
The performance of removal is greatly influenced by the
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structure of the plasma reactor. For the improvement of
performance in various applications, it is necessary to
understand gas discharge dynamics experimentally and
analytically. A numerical simulation of positive streamer
propagation is carried out in non-uniform electric field with a
dielectric barrier. The simulation method is based on the
first-order continuity equations of charged particles. The
transport coefficients at a given field strength are derived
from the Boltzmann equation, and the electric field is obtained
by solving the Poisson's equation. The streamer propagation,
electron and ion distributions, electric field strength, and
electron temperature are studied in detail as the time passes
In addition, the
transient change of potential on dielectric barrier is measured

after the application of electric field.

by Pockels sensor, and compared with the simulated result.
The simulated charge profile on dielectric barrier coincides
qualitatively with the measured profile.
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Barrier Effect on Electrical Discharge in Dry Air
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SF¢ gas is a major electrical insulating medium in Gas
Insulated Switchgear(GIS). But it has been designated as a
greenhouse effect gas, so dry air draws attention instead of it.

Dielectric strength of dry air is not so strong as SF¢ gas, and
the composite insulation with a solid barrier will be utilized in
electric apparatus. But in designing a power apparatus with
such a composite insulation, it is designed almost empirically
from the experimental values.

In this research, to investigate the barrier effect on electrical



discharges in dry air, 50% breakdown voltage was measured
with up-down mehotd by changing the shape of solid barriers
and the pressure of gas. The purpose of this research also
involves the establishment of the theoretical method for
insulation design. It was observed that the breakdown

voltage sometimes decreases with an inadequate shaped

barrier.
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Propagation of Surface Leader
J. Deng, S. MATSUOKA, A. KUMADA,
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Surface discharge on dielectric materials is an important
factor which affects insulating performance of electrical
apparatus. With the increase of the applied voltage, surface
discharge transforms from streamer to leader.

In this study, the surface discharge on PMMA pipe is
investigated. Since the electrical field on the pipe is parallel,
the discharge propagates linearly from the high voltage
electrode to the grounded electrode.

With an electrostatic voltmeter, the charge measuring
system was developed in this year. The potential distribution
on the surface of a PMMA pipe caused by the residual charge
can be measured with a range of +/-20kV, and the charge
distribution will be calculated from the measured potential
this
characteristic of leader is expected to be made clear.

distribution. From measurement, the propagation
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1. Solution for a 3-D Vector Tomography Problem
using Vector Spherical Harmonics.
A. Blandin, Y. Ono
spectroscopic

The contain

information concerning the scalar and vector (velocity) fields

plasma measurements can
of the plasma parameters distribution. We shall consider the
3-D vector tomography reconstruction method by the using of
Doppler spectroscopy measurements. The reconstruction
problem is reduced to the inversion of the following equation
(ITg)(x.n) = g(x.n) = / g(x + ) - ndl,

o Lin)
from a set of projection data 5(%:1) X | Vector N is a unit
one oriented along the line of observation and vector field
g(x) s be defined the

w3 _ - .
ball & = x| < 1} , It is proposed a novel

method based on the series expansion using of Vector

assumed to unit

{x e B

on

Spherical Harmonics (VSH) for the solution of this problem.
It is shown that inversion problem in this case is reduced to
the Volterra integral equation of the first kind. There is strong
interest in measuring the 3-D plasma flow vectors in the
whole volume of plasma experiments and the proposed
method presents a solution for the solenoidal components.
Numerical computations on several different models have
shown that the topology of the vector field is recovered with
acceptable accuracy and method may in principle be applied
to experimental spectroscopic data from plasma experiments
such as compact toroid devices.

2. Measuring the 3D Plasma Velocity in the TS-4

Compact Toroid

S.You, Y. Ono

Experiments at the University of Tokyo shoot two
compact toroids at each other to form a single compact toroid
with strong plasma flows. The plasma flows have been
observed with conventional ion Doppler spectroscopy, and up
to now, have been constrained to the toroidal component of
the velocity. The project implements an additional Doppler
spectroscopy diagnostic, set up to determine the 3D plasma
fluid velocity profile by vector tomographic reconstruction.
The line-integrated measurements are collected from 70
locations around the plasma into a 35 channel fiber-bundle
array and recorded on a CCD array after passing through the
Im monochromator. The reconstruction of the solenoidal
component of the velocity vectors uses the spherical
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harmonics expansion method [1]. Realistic simulations of the
experimental setup determine the required location and
minimum number of line-of-sights (projections) for an
acceptable reconstruction. The diagnostic will help determine
the ion self-helicity of a compact toroid in the context of
two-fluid MHD relaxation theory [2].

[1] AL Balandin, Y Ono, J. Comp. Phys., 202 (2005) 52-64

[2] L Steinhauer, A Ishida, Phys. Rev. Lett., 79, 18 (1997)

3. BRI b H <V REREE UTST DBAF
ATREK - PG - IIEEKEE - HEBE - /NS
Development of a spherical TOKAMAK device,
UTST.
R. Imazawa, S. Akanuma, R. Morii, M. Nakagawa,
M. Onoda, Y. Ono
ABFFEE D TS-3/4 HEIZIB Tl B BRI MV~ 7
DG EFIEE LTHEIES N T 7 A~ G iFEE, LV
FHFIE WG (7T A~ 2T 2 a4 VB TH
ZERGINT D D &\ D ) TEAET D= 0IfEb T
BrEBRAERE UTST O 21T o712, I~ 27 %36 B 5
BOT7 Ty AMfEaf vl LT ()Y E—Y LA
FCS) aA VDB ERNIEE, (2)CS aAf L bRuA
ZVEESs (PF) 2 A Ve lWTza, (3PF a4 vDh%
HAWTZHED 3 DD —AT M~ 7 &AERT 2 FITHK
DLz, Q) DHEEE, PREMEETHLY v v —H
UAHETOR N A= BERIN T2, 5%ITV
v ¥ —H OB EFE LTS, 72, (2) DHAI
BWTHTFAVOEERIITETWRWZD, A=A
AT T A= g a4 V) M 275 PF A 2R
V=7 a—=_"ELY T D0 RE T 2 0ERH D,
Our devices, TS-3/4, showed that the plasma marging method
can start up ultra high beta spherical tokamak(ST). A new
device, UTST, will verify that the merging method is
favorable under the condition like a commercial reactor i.e. all
coils controlling plasma are placed outside a vacuum vessel.
We succeeded in generating the ST by using only the center
solenoid(CS) coil,
field(PF) coils and by using only the PF coils. When using

by using the CS coil and the poloidal

only PF coils, plasma was generated only near the washer gun
that is a preionization device. So we plan to increase the
washer gun. Although ST was generated, plasma merging did
not occur. So we plan to use acceleration coils that push
plasma or to use a power crowbar.

4 BEEESEREPUMFE—LASEEDH
Ei
AN - NEPYE
Development of neutral beam injection device of a
low-voltage and large-current type
H. Imanaka, K. Sawahata, Y. Ono
HERL T B — 2 ASINZA(Neutral Beam Injection : NBI)
IIEG 77 A~ OMEGE & L CTHRAYIZR & e life



FELNTWD, K, @ffinoA T I AT HFH
Dm0 HFRBELIT OREEICITIZ L A TBASHTY
R, T, KT A R ORSFAE S 7 NBIHE O B
FEBELTWD, ZOE-BREL L TT T A<IRORE
fie A Fre—baD5EHLETITPATWD, I X
<R TEREND 7T A< EEIZ~10"Im>* | DE %2R L.
AN TIE 107 ~10"[m | OFEPACTofi L TRV . Ak
T57 7 A< PNBIHEED A AP E LTHUITHD Z
MR LT, E— A5 & H LERZITV, KT 3.7[A]
DEREZGIEHT LTI LT, £, FEBRERDS
b, BAEAA Y 7 (15kV,20A) 30 < DO HEE At
DWFIZ LY EBTEDZ LR LT,

Neutral Beam Injection (NBI) is expected to be favorable as a
heating method of the nuclear fusion plasma worldwide.
However, because of a high price and troublesome
maintenance require trouble, and NBI devices are only
installed into large devices. Therefore we aim at the
development of the NBI device with a low cost and easy
maintenance. For the first step, the plasma source was
evaluated and ion beam was drawn. The plasma generated in
the source was at the density of ~10""[m>], and was
10"%[m™].
Consequently, it was confirmed that generated plasma was

distributed in the chamber at a range of 10'7 -

appropriate as the ion source for an NBI device. Beam
drawing experiments were also performed. We extracted the
maximum beam current of 3.7A successfully. We confirmed
of that
specifications (15kV, 20A) are enabled by the improvement of

from examination experiment  results aim

some device conditions.

5. 2R bLY URRELEHAIC R T LDEFE
HRRIEE - /NEP S
Construction of the 2-dimensional measurement
system of electron temperature and density using the
Thomson scattering
T. Sumikawa, K. Yamashita, S. Ito, Y. Ono
A L—F =KD I T =2 L AR, RATIR
ZZEFH LI b A Y ABEDEOZE/M 2 RocEH 2R EF L
oo RAIZHOFFETIET 7 A OETIRE - HE%L b
— I AT A= (BHM) &z (Fubdhm) o2k
T DFHHNRFRE L 725, TOFHFIELIEL. (1) YAG
L— 2RI ST rz PRz L—F—HT
AN—EE, (2) L= —NORATRERZEZFIHA T2 2
LIZRY HEDEOBRIEETFORERIT 2D TH D,
L— oGRS, AT ZZZ R LT R s Y
EELED—IE 3 MEHHNC ARSI L. A b D b A Y
BGELFHHI O 2 T/ D EEARJFELAY LIDAR b A Y L
FHANEDILIEE LTHEITHDH I L 2EIELT, 727
~ UBELDEEE O RREIKEEIC L D, b A Y UL
BT S FINC RS LTz,
Two-Dimensional Thomson Scattering Measurement (2-D
TS) was designed using multiple reflections and the
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time-flight of laser light. This new approach enable us to
measure the r(radial)-z(axial) profiles of electron temperature
and density: In this approach, (1) multiple reflections of YAG
laser light are used to cover the whole r-z plane of the ST
plasma, and (2) the time delay of the scattered light along the
laser beam is arbitrarily arranged by adjusting the multiply
reflected laser light path in order to reduce the necessary
number of detectors. Thomson scattering lights from three
points were successfully observed suggesting that the basic
principle of the 2-D Thomson scattering system functions
effectively as a new extension of LIDAR (LIght Detection
And Ranging) Thomson scattering system. Pressure
dependency of Raman scattering light intensity was also

observed to prepare for the electron density measurement.

6. BKUaARV L avDEEEDRDOERY
TREE
MRHFE » /NI
Experimental study of non-steady effect in magnetic
reconnection
Y. Hayashi, Y. Ono

TS—4 FEEIZIB VW TEIRIC K DHMiERES D> L RER Y
axy va YERTIE, A4 T BERITERS— b
MRE VNS RV REEICR 2mE ) axr v a 3
LT, EREMZIE L= Sweet—Parker 5 /L & —
B L7z, £z, EfRT— FORE SITHEIELA AT
— PRI LI, aA VBRI K DO 2 A
L, ATa—=RNTU FT7r—R)RERY, IR,
BEOSANT v 7L ) axy g VEEREML
Tz, TNE— RERTIIA AL T —~ R OMKSE
WEEL, ZhABBHEINS L&Y axy g v iEE
PEIML, 77 XEA FONEE L OMBENRH L Z LR
BT,

In tokamak merging experiment ion Larmor radius was
under current sheet width because of strong guide field, so
anomalous resistivity was suppressed and steady
Sweet-Parker model like reconnection occurred. Scale of
current sheet was determined by resistivity and ion Larmor
radius. Adding external force by coil field , reconnection
inflow exceeded outflow, and reconnection speed increased
by magnetic flux and density pile-up. In pull-mode
experiment magnetic island grew to ion Larmor radius scale,
and ejected from reconnection region increasing reconnection
speed. Enhancement of reconnection speed was related with
plasmoid acceleration.
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Decision Making Analysis of Nuclear Fuel Cycle

with Uncertain Technology Progresses

T.TAKESHITA, K.YAMAJI and Y.FUJII
KRB BT DJR T4 TR S 5 & v 2858t
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After nuclear fuel has been used in a reactor to generate
electricity, it is known as 'spent fuel' and may undergo a fuel
cycle that is a further series of steps including temporary
storage, reprocessing, or may be directly disposed of in stable
rock structures of deep underground. The focus of this study is
to make a decision making analysis of nuclear fuel cycle with
uncertainties of future technological progresses. Through
various sensitivity analyses about future cost reduction
scenarios of its component technologies, the optimal strategies
for R&D of the nuclear power generation in Japan is
investigated with a large-scale linear programming model.

2. RERINFTZTA40nN4T) vy FEDFK
BHIHIC X 2R NFEEERFTHEE Ol
I AHERE « AR « (LHIETS
Evaluation of Allowable Capacity of Wind Power in
Power Systems with Charge Control for Plug-in
Hybrid Electric Vehicles
M.TAKAGI, HYAMAMOTO, and K.YAMAJI
TR IRERTAOP N EZBIET 5720, A% E
BABNRMIZEMLTETWD, LrLAarns, 1)
NEGTHRAARBENRKBICERSIND &, RHEOEK
BEBDPHERT DATREMEDN D, FrIZJEIRAFRHRE A &3
ARRT DEHENC RN T, FERBEH OB & 72
b —H. HEHMIZIE TS CO BB AT 2
HELT, 77740147 v NEPHEV) BN EH 24
DTS, PHEV &idnA 7V v REE D & K& 2% &
ZHEH L OB DFTEL TEDHETH D, 4%,
PHEV 723 & L7238, Z DT F/ X — 3 RICHMICFTE
SND, AWZETIE, BAFEBEOHNEHEDLET,
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PHEV DFEEEN 2L S D 2 & T, a7 v Az
452 & a2E 2, PHEV 35 & L7258 ORI FEEHER
AIREE A AT 5,

In recent years, the total number of wind power generations
connected to power grid has increased drastically. However,
output changes of wind power affect the system frequency.
This is particularly-problematical during night time, when the
capacity of Load Frequency Control tends to go short. On the
other hand, Plug-in Hybrid Electric Vehicles (PHEVs) are also
focused on as environment-friendly vehicles. PHEV is a kind
of hybrid electric vehicles, which can be charged from power
grid. The electric energy of PHEVs is mainly charged during
night time. This thesis proposes that charging power of
PHEVs
supply-demand balance, and evaluate the allowable capacity

will change with frequency change for

of wind power generations.

. NAFIRLF—DOFARREN - HEF A
ERCEES
AR SR« K HET - ILARE - (&R
Simulation Study on Sustainable Use of Bio-energy
Y.NAGAI, HYAMAMOTO, and K.YAMAJI
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Giving consideration to the geographical characteristics, the
study will identify the role of bio-energy and its optimal use
in realizing a sustainable energy system. Taking domestic
biomass resources into account, its affect on the long term
policies and a role it could play will be analyzed. The model
developed in the study will identify how biomass can
contribute to the energy system, and its best use will be
determined.

4 BRIESNE-ENHIGICE T HIREBEK DT
BREE - ILKEBE - lL#hER
Evaluation of Environmental Policies for
Deregulated Electricity Market
S. KAN, H.YAMAMOTO, and K.YAMAJI
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L EERRERE CH L, AUFZETIE. BlRkEh
TN IBIT D BREEOR (B 21X RERL. PeHiHED
Bl OEELIMT S, v LVF—T=r FEHANWS
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REaX MNREA IR B BB OB OHEER
FUOBRBEBRNENSICEZ DB 5T 5,



How to reduce Greenhouse gas emissions has become one
of the most important issues that power companies have to
solve. In this research we carry out the assessment of impacts
of environmental policies (e.g. carbon tax and emission
trading) on the deregulated electricity market. The multi-agent
model based on reinforcement learning was employed to
simulate the strategy making process of suppliers. To assess
the impact of the environmental policies, we introduce the
environmental cost to the model and by computer simulation
we can see how power companies react to environmental

policies.

5. B ZFMICER LIoKRLEE - Bk - 7
R I)ADER
TEAEH - T T2 - IIAEE - 1LIHES
Scenario Developing for the Global Production,
Transportation, and Utilization of Hydrogen with a
Detailed Consideration of the Transportation Sector
A.HASHIMOTO, T.TAKESHITA,
H.YAMAMOTO, and K.YAMAJI
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The contribution of the transportation sector to the global
petroleum consumption and energy-related CO, emissions is
increasing over time, implying the growing importance of the
transportation sector to address the problems of oil supply
shortage and environmental degradation. As an effective
technological option for addressing these problems in the
transportation sector, the focus has recently been placed on
the potential of hydrogen. In this context, this model research
attempts to assess the potential role of hydrogen in the
transportation sector and to describe the optimal pattern of
hydrogen production, transportation, and utilization during the
period 2000-2100, using a long-term regionally disaggregated
global energy system model with a detailed transportation
sub-model

6. FERDAR/N\I—VIZEDNRELEEZFE
ET7ILTYXLDORE
T IR - mAHERS - (LARRED - (LTS
Proposition of Algorithm for Optimum Transformer
Selection based on the Load Curve Pattern of
Customers
S.AOYAMA, M. TAKAGI, HYAMAMOTO, and
K.YAMAJI
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Energy loss occurs continuously whenever a transformer is
connected to power grid. Energy loss in transformer is
composed of no load loss and load loss. No load loss in
amorphous transformer (i.e. amorphous metal-based
transformer) is reduced by about 70% compared with
traditional transformers (e.g. silicon steel-based transformer).
However, amorphous transformers have disadvantages of high
cost and high load loss parameter compared with traditional
transformers. This study proposes an algorithm to select an
optimum transformer based on their parameters and capacities,
and evaluates energy savings, reduction of environmental
burdens and cost efficiency when amorphous transformers are

adopted.

1. BRRNAAIREERELE-TH/ —LBE
BT B 54
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Systems analysis of ethanol production focusing on
herbaceous biomass
Y.KOIE, HYAMAMOTO, and K.YAMAJI
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While many kinds of new energy are being examined,
bio-energy draws a special attention because of its abundant
supply of natural resources and low environment load. In this
study, one of the promising biomass resources, herbaceous
biomass, is being evaluated for production of bio-ethanol. A
model is built considering the transportation costs, and the
size of ethanol plant is determined using economy of scale.
The final output of the model is the optimal number and
locations of ethanol plants for a given condition.
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Advanced Motion Control of Electric Vehicle
Y.HORI, TUCHIDA, K. KAWASHIMA, C.GENG,
T.FUJII, T.YIN, TIMURA and M.SATAKE

BRE—FOEE NI FAEEENL, BREBET
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FR D TE 7, AT <D # B OHEE, DYC & AFS
DIFHHIE R S ANTWD, miliF vy U272
JTAES TC-COMST& I B LT, EiiEiD TCOMS
1 2 B4R L, R H B E O B 2D =B &
BEMAIZBIF 2 TR —ZA ML —UFTNAL AL LTO
BR_EREF Y R OFREE RS TWVD,

By utilizing the quick torque generation of electric motors,
we aim to develop novel control techniques for EVs. We are
researching the effective adhesion control of tires based on the
quick torque reduction property, high performance vehicle
dynamics control of a 4-wheel-drive car, and road surface
estimation using easily known motor torque. The test vehicle
"UOT March-II" with four independent in-wheel motors and
the new vehicle "Cadwell-EV" were used for experiments.
Recently, "C-COMS" and "C-COMS II", driven only by
super-capacitors, were completed. The actual research
subjects included body slip angle estimation, optimal speed
pattern generation, and a hybrid braking system. We plan to
investigate energy supply and storage technologies for
An MT
super-capacitors will also be included in the scope of our

moving vehicles. automatic system using

research.

2. E—Y3r-arika—iL
WEovE— - 2 R - NERLZ - RERA
v T4 ERAT I 2T U
Servo System Design and Motion Control
Y.HORI, S.OH, T.UCHIDA, K. KOBAYASH]I,
M.LOTFI and E.WU
wR, BRESROMEEE—ararybn—L
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IMEEZAROMy 2 B [E LTz IR, (5) GA R
PSO Z# HWe" T A =2 Fa—= 71k, (6) FEM7RE
BET N EZHOVIZERE S —RH#, 217> T0w5o, IS
MELT, ZeRy b, Ny 7Ty i Uik ER
i, N—RT A AT RIATITHA LTV D,

A variety of "motion control" of mixed electrical and
mechanical systems are being researched: multi sampling-rate
control based visual servo, trajectory generation considering
the derivative of jerk, a parameter tuning method using GA
and PSO, SSTW, and the design and implementation of a
fractional order control system. These can be applied to
multi-link  robot  manipulators, torsional  vibration
experimental setups, and hard disk drive systems. Recently, a
high performance servo system design using a precise friction

model was also researched.

3. fRttHE IS
haoE— e S - WEFLZ
- HHEELS - ARK— - WETE
Welfare Control Engineering
Y.HORI, S.OH, TUCHIDA, K.YOSHIDA,
T.ISHIHARA and H.OKABE

FEL oy B 2 AHE L 7MAF O R F ik 0B 2 Binte b
DT, ANEBFAEE— g vary ba—ich &3<E
AT, &0 D IR AR Ton B XA T 5,
BEIT > TOWBI%EE, (1) N#aRy hozdoRy
—7 VA M, () B LWHEFEEIC S &S B K
RORME, 3) Bl &MU —7 X
T ORI, (4) WD 2 B A0 M i L R
ZRWIH LOWREEO R Y B 7 —LADRYE, (AT
SLWRT OHIE, ETHD,

We are aiming to establish a "Welfare Control Engineering"
field based on "Human Friendly Motion Control". Our present
research themes are power-assist technology for human-care
robots, an artificial leg based on a novel control principle,
control of power-assisted wheelchairs to prevent overturning,
a new robot arm using a bi-articular muscle mechanism, a
new control method for power-assisted wheelchairs based on
surface myoelectric sensors, and development of a human
friendly door.
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Development of Ubiquitous Power Grid
A.YOKOYAMA and H.IRIE
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FEEBRDZNRIZ DN T OGRS 72 £ &2AT-> T D,

It is expected that a large number of distributed generation
based on renewable energy sources, batteries, customer
equipments with energy-saving technology, and plug-in
electric vehicles will be interconnected into power systems for
overcoming the problem of rising oil cost and global
environment. Therefore, the planning and operation of the
electric energy supply system should be carried out
considering these issues. Our laboratory proposes “Ubiquitous
Power Grid” as a power network of the next generation,
which includes the devices mentioned above. This power grid
whose internal communication is achieved by information
technology, is eco-friendly and able to meet various needs of
customers. To make “Ubiquitous Power Grid” practical, our
laboratory is now focusing on the research topics such as the
coordinated control of battery, blade pitch angle, and
controllable loads, e.g. “heat pump based water heater” in the
power systems with a large penetration of wind power
generation. Besides, the contribution of gas engine based
generations in microgrid for frequency and voltage control is
being studied.
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Minimization of Impact of Power Supply
Interruption by Coordinated Control of Multiple
FACTS and Energy Storage Devices etc. in Power

Systems
A.YOKOYAMA and K.KAWABE

TAEOENRFICIT DIEHE L, H—RWHF
WMOBEITEBENRBE LW &, £, SHERHEK
D EIIIRIBRIEENREL 2N L LTS, L
P LR, IS BRI ST & D RS E A AL
LTHY ., ZEHESIE AR OSBRI ML T L 72
S TWD, £ I TAHMETIE, EARMICERS TN
HEEAF ORI A, FFROEADHFF S D FACTS
(flexible AC transmission systems)fgs % AR 95 = &
W&o T, BREENEHEORNZRARREN L, HEsF
HOIE AL OAS SRR/ MU &2 X 2 A Z ET L T b,
iz, BAFEORBIFEFRL B AR RV F— DA
W, SBROEMPTRIN L DBER, FEM AT
LB RSB BN MO T OICFHT 2 Z L2200 Th
Rt E1T 9,

In Japan, a reliability standard is determined so that any
power supply interruptions caused by a single contingency
and a large-scale power supply interruption caused by
multiple contingencies do not occur as well as in the other
foreign countries. several

However, there happened

wide-area blackouts by severe faults of late years. Therefore,
it is important to minimize the impact of the power supply
interruption on customers even when a severe fault happens.
Our study aims at minimization of blackout area for the
modern power systems in emergency by coordinated control
of multiple devices installed in the grid such as FACTS and
energy storage devices. In addition, we will investigate the
effective utilization of battery energy storage systems
(BESSs) and distributed generations (DGs) more of which are
expected to be connected to the grid as the use of more natural
energy will be promoted for mitigation of CO2 in the

deregulated power sector.

3. FACTS H3s & A ULN= B Hh R HI{E

B Bz - R - AR KK
Electric Power System Control by Using FACTS
(Flexible AC Transmission Systems) Devices

A.YOKOYAMA, J.ZHANG and Y.WAKABAYASHI
W, NU—x L7 b= ZAHNEISH L7z FACTS
(Flexible AC Transmission Systems) a5 % H\ /=% /1%
BRI OBFFR D BT 5, FACTS S0 F 1L BE
17 DA % I KFRIZIE ] S TR @i Hlil 42 =
EMWRERIRTH D, 0, ZOKEIT A FDBEVR A
DD, —HD FACTS gv 2 Z BT 52 &
RO LNTWD, BITE, ABFFEETIL IPFC (Interline
Power Flow Controller) <° UPFC (Unified Power Flow
Controller) &\ o7z FACTS s > T\ 5, &

T O BRI R0 5 FE AR HITRL & U > 72 i i il



HROERRLERE, WELEE, BELEEE VST LE
B EHRIENC B9 2R 21T > TV D,

Many researches on electric power system control by using
power electronic-based FACTS (Flexible AC Transmission
Systems) devices has so far been carried out. The advantage
of the FACTS devices is a efficient utilization of existing
facilities by providing fast control of one or more of AC
transmission system parameters such as reactance, voltage
magnitude and voltage phase angle. However, the devices are
quite expensive, one device is usually requested to provide
multiple functions. Now in our laboratory, researches on IPFC
(Interline Power Flow Controller) and UPFC (Unified Power
Flow Controller) have been done. Our main topics are
congestion management in transmission lines, loss
of the

improvement of steady-state, transient and voltage stability by

minimization whole transmission network,

use of the FACTS devices mentioned above.
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Novel Approaches for Power System Analysis in a

Competitive Environment
A.YOKOYAMA, K. TANGPATIPHAN and
N.PAENSUWAN

HARE TICHDEIRMICBNT, RROLEM L
R HE ~ DTN 2 ek 2 7o I X E AT REE 1R
& & LT ATC (Available Transfer Capability)3#[E ¢ NERC
HETEHRINTND, L LAEKRD ATC RIHETITBE
L FERIF K OSRDOAFERIED B ST,
INBEEBE LI ATC HHEZRF L TWD, £, &
IR BE T 2 e IREIZ BN T, RRIC I B 22 T8 FE ]
KaBE LI haEEimat SRR ED X5 7, RO
AR T Z Lo TE v EICx L, ki
TurZ Iy (EP) BREDEa—Y AT 4 v FED
WHZREL TS, kDX HZ, ABFFETILOPF &
e EE 22 T FE R AT I Fe-Sy 72 ATC RHERR, OPF ~ EP O &
27t a—URT 4 v ZIEOBEMIZL T, RMEOLE
PELRRFEMEZ M LSV LD OHEFIEEMLT D &
AL LTV,

To ensure system security and provide transparency to all
users in a competitive environment, it is necessary to develop
an index to measure the transfer capability of the transmission
network. With this regard, ATC (Available Transfer
Capability) was defined by NERC in 1996. The calculation of
ATC has to take into account transient stability and
uncertainties inherent in the system conditions. Without
considering transient stability, the result is optimistic and not
safe to be used in practice. Moreover, to locate the economical
operating point of power system and to guarantee the transient
stability after possible contingencies, the optimal power flow
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(OPF) with transient stability issue is indispensable. Due to
some limitations of conventional optimization techniques and
high complexity of the problem, the application of
Evolutionary Programming (EP) to transient stability
constrained OPF (TSCOPF) has been studied. Thus, our
research focuses on ATC calculation based on OPF, transient
stability analysis, and the application of heuristic methods

such as EP.
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For practical application of (RE)BCO bulk superconductors,
which have high critical current densities based on strong flux
pinning characteristics, electromagnetic phenomena inside the
superconductors have been studied. Focusing on pulsed-field
magnetization for their magnet applications, a FEM analysis
tool for coupled problems of electromagnetic and thermal
fields has been developed for studying improvement of
magnetization performance and electromagnetic phenomena
including flux motion during the magnetization process. From
comparison between experimental and analysis results, the
influence of inhomogeneous superconducting properties, for
example, has been investigated. In addition, to produce a
strong and sufficiently uniform magnetic field in a space
using the field cooling method, we study how to design a
magnet system using bulk superconductor and how to

magnetize it.
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Superconducting Electrical Machines and Systems

T. SUZUKI, S. NONAKA, Y. TERAO,
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Practical application of superconductors in industrial fields
including power engineering and transportation has been
studied. From the viewpoint of machine design, the analysis
of electromagnetic phenomena, system studies, and feasibility
studies are carried out especially for flywheel energy storage
systems with low rotational losses, superconducting magnetic
energy storage (SMES) using high magnetic field coils,
resistive type fault current limiters using superconducting thin
film, high power density electric motors, large-capacity
synchronous generators for wind power generation, etc. For
example, the application of YBCO superconducting film to
wires and fault current limiters has been investigated.
Numerical analysis models and tools based on the current
vector potential method with thin-plate approximation have
been developed to study AC loss characteristics and current
limiting performance. Experiments have been also performed
for verification of numerical analysis.
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New Imaging Techniques for Electrical Properties of
Biological Bodies using MRI
M. SEKINO and H. OHSAKI
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We develop a new MRI technique for imaging dielectric
properties of biological tissues which could not be measured
using conventional techniques. In this method, a weak electric
current is applied to the tissue, and its electrical properties are
estimated from images acquired with and without the
application of current. The results of numerical simulations
clarified the accuracy of the proposed method. Experiments
were carried out to measure the permittivity and conductivity
of a sample which modeled characteristics of a biological
tissue.
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A planar actuator has been studied, which has a small
mover that can be driven in translational and rotational
directions on a plane. Planar actuators can directly drive the
mover for multiple degrees of freedom, and can precisely
position the mover. Our planar actuator can position the
mover in the translational and rotational directions on the
wide movable area where the mover faces the stator by
controlling two sets of three-phase alternating currents. To
further improve the drive characteristics, we have studied the
planar motion controls with the mover magnetically levitated,
and performed the numerical analyses and experiments.

5. YAV DEMEXRET S XAIHRET/INA R
o3 NEIPN

Microwave-exited Atmospheric Pressure Plasma

Devices
D. KIM and H. OHSAKI
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T T AR ETEDL R~ 7R N v T T4
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We develop a microwave-exited atmospheric pressure
plasma device based on microstrip-line technologies for
This
non-thermal atmospheric pressure plasma stably. Moreover,

microwave transmission. device can generate
with reaction gas blow, there are potential applications such as
surface treatment and film deposition. Numerical analysis of
three-dimensional electromagnetic fields is performed by
FDTD (Finite- Difference Time-Domain) method to optimize
the microstrip-line circuit for generating atmospheric pressure

plasma stably even at lower power.
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1. RERBINICEDCEHRBEIESXTLAIC
BT HEEEOHMEMTE - ZBILE
JEANGL - BBV —RF - I BIFEEE
Efficient Algorithms for Evaluating and
Optimizing for Train Rescheduling System Based on
Simulation of Passengers’ Flow
K. HARA, K. KUMAZAWA, T. KOSEKI
BUE, 8RB X A YOI BRICAT D 2 EiE B3
FEOHBIC LV ITER TS, TOEBITABPKE
<L FHEHIC LD AT AR BN TND, 20D
BAEM, REOBRAIIL o128 A Y OE RN RFHE & &
AYELZATO T NTY X LEMBE L CHEIRERE
ERRT D VAT AR EIT o TS, ABFETIERS
DRI > Tl e 7 A YR FAT D72 K
TEEC T I SR O PR R 2 3 A U, B B T LAY
BT D REDITENEAE KR LT ET NV ERET D,
Train rescheduling is executed by train dispatchers. Train
dispatchers have requested a scheduling support system
because train rescheduling is a burden for them. We proposed
a method to rate train operation plans quantitatively from
passengers' point of view. And we has developed a system for
supporting the task of the train rescheduling by proposing and
evaluating a new plan of train operation. In this year, we
propose an efficient algorithm for evaluating and optimizing
their train rescheduling plans to make them in a practical time
and show case studies to verify the performance of the
proposed methods.

2. EREBBAV-T7HEEE-IOTIUFET
IVRIEE
PPIRFRE—RL - BAME =
Identification of Linear Induction Motor Plant
Model with Significant Consideration of End-Effect
-- Intended for use in Rail-Guided Public
Transportation Systems --
Y. NOZAKI, T. KOSEKI
V=T HEE—2(LIM)T Y =7 I 8> HSST 72 &
DOEE RSB OBRENEE & L THVWbh T D, —
J7¢ LIMATIFSRER & W 9 R OBR D H 1 | BERE R
EO EFITENE—ZFFERHIT D E NI REARDH D,
ABFFETIX, REEO U =7 M T EEEEIH LIM O -3
Br& | MBI S HSST-200 Hjli i [ sl Bk ic
X BHENFFEZ AV E O LM L AR MEERGE LT,
A Linear Induction Motor (LIM) is used widely for the
traction system of Linear Metro and HSST. But a LIM has the
problem of end-effect. The motor constants are changed by

195

this effect, so this "end-effect" becomes the one of the bad
points of LIM-drive system.

The calculation result is checked using the arch type LIM
test equipment result of HSST-200 LIM and static test of
Linear Metro's LIM, and it is confirmed that the numerical
analysis can calculate the real LIM performance within a few
percentages error in actual operational region.

3. KEENKAMEWR) ZTREAE—2 DR E
il 0
fRIE s - gaRsifE - IR
Control and designing of permanent magnet linear
synchronous motor to high-thrust

H. FUKUSHO, T. SUZUKI, T. KOSEKI

KA RN =T AT—21%, V=7%—4
DR TIERERPE L BE - KRHES A RIEYIT W HE
TRD T2 EAGEE C s e B B R w5 2 BREh A
L CLEBR o B 72 E COISHMNER ST 5, 44F
FEE, @INROREE 2 b SR AATE ) =7 F— X DG
LR AL, v ARy b7 — AHIE O 72 0 O & RHE
NV =TT 7 Fax—2ORE0. WREBAE 7]
ORI EIT> TV D,

A permanent magnet linear synchronous motor is the most
efficient and relatively light. It can exert high-thrust and,
therefore, it is exactly expected to several machine tool to be
able to control fast motion with high accuracy. This year we
discuss both the control and designing of the motor with rapid
acceleration and we study the designing of light linear
actuator with high-thrust for controlling robot arm and the
controlling the actuator by visual information.

4. M ERIEHELZERAL-ERERESRRBLE
TL—XBMEREDRE &L EEMFTHE
FHEAE - HREEE
Proposal and Quantitative Validation of the
Effectiveness of Full Usage of Regenerative Brakes
of an Electric Train in High Speed at
DC-electrification with Regenerative Substations
T. NODA, T. KOSEKI
WHEOBREEENR T 7 L —FHOZ 3L X —%[F
U L DM OF BT 2 RIET L —F DE AL

JOPEHANEA TS, L LERBEOM T L —FI12
FREL £ <, BRIEHEIC LA NEEEORS, 7L

—XNBEHENTH L0 0, BEEEEDPRIICELA SR
T <, FRRTFICFR EBRAR LD,

AWFZETIE, M LRIABERE 2 7 L 72 BBk E
e EL ] ORI~ L — S 2 DR DR T L — A f
EL., ZOMBER LR EZFMT 5,

A recent electric train uses of regenerative brakes which
regenerate energies to other trains on the same route with
mechanical brakes. However mechanical brakes of an electric
train have many problems. For example, they are fluctuation



of friction coefficient, maintenance costs and so on.

In this research, I propose pure electric brakes which mean
ordinary brakes by only the regenerative brakes without any
mechanical brakes. And I evaluate the proposal method under
the assumption of regenerative substations.

5 FREHLZEZERVEARBAER IS VIR
T—rEREUYDERE
/NIRTL - T PEME R
Designing frequency measurement Fluxgate current
sensor by using nonlinear magnetic core
H. OBATA, T. KOSEKI

77w 7R — b YERE VI, EIR TR
bR b O TIREKRFEE /A S, EiRERE
ELTHEMTLZL 0D HNERREICER SN D,
INET, 77 v AT — MEERE Y ORGHEED
DD VR 2 L—F DIEREAT > TE T, AFEIT,
NER & RERO R E 2 REDWE % f[REICT D 7
T I A= MY ERELLIVINAEDH D
2 L— X ZAER L CZ O BARRIRREF 21T 9,

The fluxgate current sensor is the most sensitive and
reliable sensor among current sensors used in room
temperature. The sensor is also used as current sensor because
it has an advantage of measuring very small electric current.

In the preceding study, a culculating tool was developed in
order to help the designing of the fluxgate sensor.

In this research, the author expand the versatility of the
calculating and approach the sensor which could masure not
only very small current but larger current.

6. HMROEEBE=DHAMEICER LIRERRT
FRANDYR— RV 42— O DIEAICHE
ERCEES

THEZ - HRERERE
Research regarding the Application of Support
Vector Machines to Predict the Direction of Price
Changes in Economic Time Series
T. NAKATA, T. KOSEKI

K RAN D PN D030 W78 L I E TERE < Thi
TWD, BEGI TR Z B 2 720 iHE0B & 0 F5
M—EBREeEHDLZEPEETHD, £ I THETIIAN
Z—VRBBO—FETHLIY R - IR =
(SVM:Support Vector Machines) % Fi\ >, EE) & o J7m—£
FEAFTMIREE L TTFEITo 72,

Thus far many researches have been reported about
predicting of time series data. But recently it has been
reported that it is more important to raise the hit ratio in
predicting the direction of pattern recognition, and the
direction-of-price-change hit ratio, as an index for evaluating
economic time series data prediction. In this study I predicted
stock market fluctuation by SVM which is a method of
pattern recognitions.
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1. 49857y FOBIEGHRIZETSE
mBmEFEICEAT MR
RS0« IS - SR
Studies on Power Quality Enhancement Control
Method for Micro Grid Power System in case of
Islanding Operation
J. BABA , K. NISHIKAWA and T. KIKUCHI
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AT RERIZIRIET 25810 81T 2 AT EHEE Fik
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TWo. ElevA7nuz )y FOERICUHELEZ LN
DR LF —RPHEE O SOC HlfHFIEIC SV T bR
EHEDTND.

Micro grid is a small electric power system that consists of
several distributed generation systems (DGs) and loads. The
most challenging issue of micro grid is to establish the method
to supply high quality electricity in case of islanding operation.
Two DG operation methods have been proposed by our
laboratory; the integrated DG control method to compensate
load power fluctuation and the demand estimation method
when loads and DGs are penetrated to a bus. It has been
shown that high quality power supply can be realized by use
of these proposed methods from the results of real micro grid
tests. However, these tests have been carried under the
condition when the controller and communication time delay
can be negligible. The proposed method should be improved
to be able to respond the time delay. Then, it is proposed to
introduce a local control method for a DG whose power
response is the fastest of all to realize a high quality power
supply even when there are the control and communication
time delay of the integrated control. The controller designing
method has been developed. The SOC control methods for
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energy storage system that will be essential for micro grids
have also been developed.

2. BESHEERRRHFCET MR
BSAY of  A ) — v —7
AR = - P SR
Studies on Superconducting Fault Current Limiter
J. BABA, M. AINSLIE, K. SUZUKI
and H. NISHIOKA

EFRHEA v B A THERFIZE A B —F
A &7 2 R AR A AR IR A 1 3 D R T OIS AN A
ShTWD. ZhET, @RROBIEERFETER R
TignaPAZE L, EN-BfEL R - BERAIOR LT
. ZOME—DOXRRIE, REXRSOY—TIZ LD E)
BT RICHD. ZORROZOVIRGEETE LT 2 flifH
DOIRFER(E LR it 2% T 5. K2 YBCO
HEOBMAIZOWTEHR L THIREZED TR Y, FrtER
F7p B WIEO B FI B FIE, KO, WO IV Kt T
FHITET VOMELED TN D.

Superconducting fault current limiters (SFCLs) which are
of low impedance in steady states and of high impedance at
fault conditions are expected to be used in power systems.
SFCLs by use of metal superconductors have been developed.
Experimental and theoretical results show that they have very
good characteristics. They, however, have only one weak
point, that is, they operate incorrectly due to surge current
2 kinds of SFCLs
(transformer type and resistive type) without such a weak

generated at non-protection zone.

point have been being developed. Application of YBCO thin
film for those SFCLs has been studied. Designing method for
parallel - series connection of uninformed YBCO thin films
and the I-V characteristics model of YBCO thin film have
been developed..

3. IRILF—FHEE

5
TSR« OREERAN - mARFEE - RGN
Studies on Application of Energy Storage Systems to

Power Systems
J. BABA, T. YONEZU, T. TAKAGI

and S. HIROHASHI
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HRESECTEOREFERLBEZMRIEL TS, LoL, KD
EEDREE A GR35 HFREA DT A — & RIERMEIZITE S
NRWONRBRTH Y, FEMERNLORER~v—D
RS THEIEL TWDLORHRTHD. 22T, A7
A 2 THEERRREAE TEAUE, XV RIS e RS

DEARRGAICET S
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RATHOWTHLTFIE & O E B ELEHl O Rt 2 o0 T
5.

Various types of energy storage systems have been developed,
and these systems are expected to be introduced to power
grids. Effective use of the energy storage systems has been
studied in the laboratory. One of the energy storage system
applications is the online diagnosis of operating conditions of
power systems. Stable operations of power systems, which are
becoming larger and more complicated, are becoming more
important. The off-line calculations, such that eigenvalues
analysis, guarantee the stable operations. However, due to the
inaccuracy of numerical values for the calculations, systems
must be operated with large margin. The purposes of the
studies are on-line measurements of eigen values, eigen
of
superconducting magnetic energy storage which has good

vectors, transfer functions and so on by use

properties of quick response, high efficiency, large impedance
and so on. The quantitative capacity assessment of energy

storage systems and other systems to improve transient
stability of power system has also been studied.
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