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The Communications Research Laboratory (CRL) has its roots in the
Electrotechnical Laboratory of the Ministry of Communications, which be-
gan studying radio communications in 1896. In 1952, after the disorder of
World War II, the Radio Research Laboratory of the Ministry of Posts and
Telecommunications was established : renamed CRL in 1988, it is the only
national institute conducting research on information, communications, and
radio science.

With the progress of our information-intensive society, CRL focuses
on advanced and fundamental research in information and communications,
environmental science, and material science, and in fact plays an important
role as a premier institute in these research fields.

Society is now entering a new age of multimedia information and
communications, and CRL will develop a great deal of the advanced tech-
nologies needed for the information-intensive society of the 21st century. In
its quest to become a Center of Excellence (COE), CRL takes talented do-
mestic and overseas researchers into employment by public subscription,
strives to open research activities and facilities to the public and research-
ers, and actively promotes domestic and international collaborative research.
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Electrotechnical Laboratory of the Ministry of Communications
began studying radio communication.

Hiraiso Branch established.

Type approval institution for radio equipment started.
Frequency standard radio service (JJY) started.

Merger of the Radio Physics Laboratory and the Ministry of
Education.

Radic Research Laboratory of the Ministry of Posts and Tele-
communications established.

Kashima Branch established and 30-m-diameter antenna com-
pleted.

Radio Research Laboratory renamed Communications Re-
search Laboratory. B

Kansai Advanced Research Center established. Hiraiso Branch
and Kashima Branch merged into Kanto Branch.

CRL was designated to be a Center of Excellence by the Sci-
ence and Technology Agency of Japan.

Introduction of the external review

Yokosuka Radio Communications Research Center established.
"CRL Vision 21" was established for the 21st century
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Promote research and development on information-communications technologies
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Promote comprehensive research and development related to Information-communications based on radio and photonic research
Stand as a world-class core research institute
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Huitian Wang and Jiasen Zhang, COE Center

"We obtained Ph. D. degrees in physics from the Institute of Physics, Chinese Academy of
Science, China. Our research interests are in nonlinear optics and laser technology. As the
research fellows of COE in CRL, we are carrying out research on nonlinear optical effects
and image fransmission, which is one of the subjects in a project called *Research on
Advanced Technologies in Optical Communication and Sensing"."
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Efforts to be a Center of Excellence with an Open Research Policy

CRL is striving to be open to the public as well as to
other researchers and therefore promotes collaborative
research and the exchange of researchers between CRL
and research centers and universities both in Japan and
overseas. About 100 graduate and undergraduate stu-
dents are studying as trainees in CRL, and senior re-
searchers in CRL are lecturing and advising students at
the University of Electro-Communications, and Osaka
University as visiting professors and associate profes-
sors.
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Benno Plietz and Tomoe Tamada

Human Neurosystem Science Section,

Intelligent Communications Division

"We are part of the Kawato Dynamic Brain Project running under the Japan Science and
Technology Corporation. Our research aims at a better understanding of the human brain
and how it coordinates interactions with our environment. Included in this is work on per-
ception (visual, auditory, or somatosensory) or movement contral. In this laboratory we
employ fMRI and MEG as noninvasive techniques to investigate how the brain handles
these tasks.”
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Toward a Center of Excellence through World-class Research

OB & B DRSO IS ST 2 & * In 1993, the Science and Technology Agency of Japan started a COE program to pro-

e . - _ mote Centers of Excellence. These are core research centers that have outstanding lead-
EERME LT, PRSFEN OMFRINERBRERICLD ers, superior research faciliies, and substantial research support systems.
COEBRFIENMAZ—F L Z LT *In 1994, CRL was designated as a COE relating to ‘research on advanced technologies
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mulls of our research
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International Collaborative Research (1997)
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CRL Personnel for Fiscal Year 1998
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CRL Budget for Fiscal Year 1998
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Organization of Communications Research Laboratory
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Human Care Information-communication Technologies
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Communication Syst_am for Welfare and Medical Purposes
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Research on Advanced Image Information Technology
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We are studying 3-D medical image processing for use in computer-aided diagnosis sys-
tems and virtual hospitals. We are also studying intelligent and content-based image re-
trieval applicable to a wide variety of visual applications such as remote medical care.
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Information-communications Security Technologies
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Synthesis of animated
sign language
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We are developing three systems designed fo guarantee people with disabilifies access to s e
information : a sign-language recognition and synthesis system for the hearing-impaired,a FHEEBES

graphical user interface support system for the visually-impaired,and a document process- Sign language recognition experiment
ing system.
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Emergency Communications Technology
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In order to strengthen the vulnerable points of the telecommunication network that were
exposed by the great Hanshin earthquake, CRL has started research on emergency com-
munication technology. By employing high-speed optical and multimedia network fech-

nology, the emergency communication network will be able to withstand disasters while at
the same time providing disaster-relief information.
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Vidao recording and registrati
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the park. Tm all fight now,
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Video retrieval and confirmation
To confirm M. Taro's safety.
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Massage retrieval and confirmation
Do | have any message from

Ms. Hanaka?
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Message registration

AR Are you all right Mr, Taro?

Mr. Taro
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Ms. Hanako
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Communications Network Technologies
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Highly Reliable Broadband Networks
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Research on distributed cooperative control technologies for highly reliable ATM networks
has been carried out. This research aims to improve the survivability of networks and the
quality of services(QoS) in order to prevent network failures caused by disaster or dynamic
traffic fluctuation.This is done by introducing multimedia communications and advanced
internet services.
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ATM Network QoS Restration Experiment Facilities
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COMETS - Research on Advanced Mobile Satellite Communications and Advanced Satellite Broadcasting
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COMETS is an experimental platform for evaluating Ka-band (31 /21 GHz) and millimeter-
wave-band (47 / 44 GHz) advanced mobile and personal satellite communications tech-
nologies such as on-board regenerafive fransponders and mulibeam antennas, as well as
21-GHz satellite broadcasting technologies for new regional broadcasting services and 3-
D high definition TV broadcasting.
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COMETS portable terminal
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Regional Broadcasting
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Multimedia Communications
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Downlink image of antenna assembling
experiment on the ETS-VII
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Research on the Space Communications Infrastructure Featuring Inter-satellite Links
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Succeeding the experiment using the Engineering Test Satellite VI (ETS-VI), we are study-
ing the space communications infrastructure with a view to developing a near-earth space
network in the future. The study includes a proof of principle experiment on the Engineer-
ing Test Satellite VI (ETS-VII) o obtain basic knowledge and technology for large antenna
constructions in space, an optical feeder-link system providing multi-gigabit laser
communication,and remote inspection of geostationary satellites.
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Free-space laser communications scenario
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Research on Next-generation Mobile Satellite Communication Systems and Digital Multimedia Satellite Broadcasting Systems
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We are developing a satellite hand-held telephone system and digital
multimedia satellite broadcasting system including a satellite (Engi-
neering Test Satellite VIIl: ETS-VIII, to be launched in 2002) which has
two large deployable antennas each 13 m in diameter.
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Research on Gigabit Satellite Communications Systems
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We are conducting research and development on gigabit-
class satellite communications technologies for realizing glo-
bal information infrastructure in cooperation with fiber optic
networks. Aiming at the launch of an experimental satellite
in 2003, we have been developing, for example, Ka-band
active phased array antenna technology, an onboard ATM
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switches, high data rate networking protocols.
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Efficient Use of Orbital Resources
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Research on Quasi-zenith Satellites Communication System
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The ever-growing population of communi-
cation satellites is forcing us to analyze mul-
tiple satellite orbital motions and fo study
how to monitor geosynchronous orbit oc-
cupancy and the near collisions of satel- [
lites.

—— fer the opportunity for high-el-
] evation communication ser-
vices to Japan as the satellites
4 stay near the user's zenith.
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International Collaborative Projects
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In order to establish an information infrastructure in the Asia-Pacific region, since 1996
infernational collaborative research and experiments on network interconnectivity and ap-
plications such as tele-medicine have been carried out by using the Korea-Japan and
Singapore-Japan test-bed links.
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Tele-education experiment
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Tele-medicine experiment
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APIl Collaborative Research and Development
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APl Technology Center
(CRL Kansal Advanced
Research Center)
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The Post-Partners project started in 1996 as a 3-year plan. This project has conducted tele-
education and tele-medicine and multimedia communication experiments using commer-
cial satellites between Asia-Pacific countries.
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GIBN (Global Interoperability for Broadband Networks) Project
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Experiments on the interconnectivity and interoperability of intercontinental ATM networks
and their broadband applications have been carried out by using both optical and satellite
links between the U.S., Canada, and Europe. Examples include an MPEG2/HDTV video
conference and DAVIC compliant Video-On-Demand.
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High-performance Information Communications Platform Technologies
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Research on High-speed Optical Communications Technology
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Multimedia Virtual Laboratory Project
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As one of the applications of high-speed multimedia network technology, CRL started a
research project on a multimedia virtual laboratory, which provides an environment for
research collaboration over long distances.

This project can be applied fo tele-education and tele-medicine.

Research on optical code division multiplexing fransmission techniques has been carried
out,aiming at a multi-terabit per second per fiber transmission capacity. Research on fiber-
optic radio wave access networks based on optical milimeter-wave techniques has also
been carried out for future mobile broadband services.
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Ultrahigh-speed optical fiber communication
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Frequency Allocation / Sharing Technology

[ARF AR Rl #h - EEFU R )R 2 B S0 1) FR 435 i)

Technologies for the Exploitation of Unused Frequencies and the Efficient Use of Current Frequencies
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Research on a novel broadband wireless access network using multiple platforms (airships) staying at an
altitude of about 20 km in the siratosphere has been conducted. The platforms have switches and are wE arEl [ 3 7
interconnected by a high-speed opticalink. The access link between the platfomns and user temninals on hig-speed intemer. B - MEMSYTEZ

integrated services
ihe ground are established using millimeter waves,

SUREEET IR VY

mm-wave Broadband Access Links

RS
mobile phones

WA ELR A ORF
Techniques for Effective Utilization of the Optical Frequency Region

B KEBOT—YzEHICEGETEZZ2EETCHICESR
HEFBERMZEELTLET,
The research focuses on new technology in the free-space optical communication for

high-speed data transmission and for highly flexible connection using eye-safe infrared
light.

SEER3GEY AT L(ITS)$HEil
Technologies for Intelligent Transport System (ITS)

I T S BERMZE
Concept of ITS Communication Systems

W= VREmLE(E & Radio on FiberEBERMEEY AT L

Automobile/Automobile Communications System by Millimeter-wave and Road/Automo- mﬁfﬁm

bile Communications System by Radio on Fiber TS/ Cy &K= NW fonw
ITS Backbone NW Another MW
5 - e = 3 - p— FAFEM BEFUTr
K7 7 A IEEARFEMTP 2 'J_}& %Efﬁ Wiz, EEE & ETHROER mz‘:?fé:"f‘;;“éﬁ?;:?;:;" va @
MR UERRLTEOMMBBERNTY, - dal frn
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Research and development on wireless communications between road and automobile or
between automobiles using millimeter-wave and radio on fiber technologies. e
d-Vehicle
(o7 — ommunicati TS0
Millimeter-wave

W& R AR R 3 A EEils
Efficient Utilization of the Broadcast Radio Spectrum

BERICT A SO NBRMEEAT D EICEL>T, KT HAE
BHEEICICA D ERABEC, MAPEPTLTF AT 1 FILBE
DEELCERDEOOHRAFEETO>TLEY, HEFr2H
MFLED a3 BUEOERDHIC. EICOFDM (B3ZEHH
PEZB)ERARNEE AR ERFTLTLET,

We are conducting research on and development of broadcasting systems using digital

technology. We are mainly studying the OFDM (Orthogonal Frequency Division Multiplex-
ing) methad to make digital terrestrial television broadcasting.

T o UHERBR
Experimental equipment of
digital broadcasting

B>« JZILCATVOHRA
Research on Digital CATV

FEOCATVIIRDOZHREFEESRRMHc LTERL. &
BOHBILLEREETLCZEEZBMNIC. F1 25 IERE
MEEICRY R, NARTF—YEXICET HER. &1
Y= T4 7Y —ERDRARBLEETO>TLET,

We have created a next-generation CATV system as a test facility in the Advanced Cable
Technology Center (ACT center), and are now conducting various experiments on digital

transmission performance, bidirectional data transmission, and the compatibility between
various interactive service applications.

CATVER@iZ CATV monitor room

WMET « IS JLCATVIRE L RIS
Experimental facilities
for the integrated digital CATV system
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New Devices and Ultimate Technologies on Radio and Optical Waves

o S VBT INA A5l
Photonic/MM-Wave Device Technologies

B VURE- YT VUBRRICBIFTDFTINA A5l

Millimeter- and Submillimeter-wave Devices and their Applications

Y- T IYIEEOBTFTNA ARROM. 777 ¢&
EBOEE—FLT2HLL I EBBERRERMOMHEE
ﬁ = T [ i "9" o '

Research is being conducted on thin-film technology in milimeter- and submilimeter-wave
frequency ranges in order to downsize and reduce the weight of present devices and to
develop new functional devices.

= LR (o) B R L R
ARty y—£H
Metal thin-film sputtering
system for millimeter-
wave circuit

B VE-9 7S VERARHOMR

Research on Materials for Millimeter and Submillimeter Wavelengths

ERFHRERONE., EXFNESREEZFOEQEMM
BRFRERWLEI AT LORSE, I HERERCTERT >~
THERICAVLSEREXEROEEFEROBHRENEDHRK
ZfT>TLET,

We are doing research on the fabrication of low-loss metallic, dielectric, magnetic films and
substrate materials essential for integrating millimeter-wave planar antennas and ICs by
using multilayer structures. We are also doing research on the control of mesoscopic low-
dimension structures that will be used to create new materials with excellent functions.

SFRICYFY—&R
Molecular beam epitaxy
system for IIl-V compound
semiconductor material



WEEEEERRIECIEOMRE
Development of Fluxoid-type Logic Circuits for Communication

BEREERAUREFRMERNR. IR - 473 iEEd
#r uRE SR AT OSQUIDRERET 42 £ D 1= D DB EE FIRE
T (SNSER) ZHEL TV 27,

Mesoscopic SNS (Superconductor/Normal metal/Superconductor) devices are being de-

veloped for giga-bit/sec communications, low-noise submilimeter-wave detectors, and
SQUID (Superconducting Quantum Interference Device) magnetometers for brain science.

S VRIS VRREEEET I AOHRE
Research on Superconducting Devices at Sub-millimeter-wave Frequencies [300 GHz to
3 THe

I RFEET T REREROBEIBIEIC & 5— bR
ICERSNDEBRELEEE. FBE. BIEEOFECERE
DIFROM. EHEEE S ETEEZ ST 2 SERMOME
EfFoTWWET,

Superconducting devices for mixers, oscillators, and circuit components that operate in the
sub-millimeter-wavelength region are being developed.

WEEEAERTINA ADHR

Light Modulators with Superconductive Electrodes

ol — I HBEREMNC, S5ICBERMEEASHE.
HBEREESLEBETINTNA ZOMKRET>TLET,

Photonic devices with on ultrafast response time are investigated to build by using cryo-
genic technology.

FREEREMEL - 5 )\ 2 1%l

New Devices and material Technologies

B3 FHETFOMRA
Superstructured Materials and Molecular Engineering for Optoelectronic Applications

HKBFICH L TSR EBEEF OBRSTFEF /  A—F R
F—ILTERFE - S L TEEL. BEOBELRETIETFL
LTHETAWRTT.

Highly ordered molecules and polymers have been the subject of considerable research
for future electronic and optoelectronic molecular devices.

SFLEHRE 7RSO

Part of a fluxoid-type logic
circuit on a quartz substrate

Eiz
Oescillator

BHEY 37V S YatIvLEs
Detector Josephson junctions

BIRBBINAIT A1
Oscillator bias-line

PTG
ERTR
ﬁﬁ?&ﬁ =FUT|F
Terminator Josephson ar-
ray oscillator
THAES
Modulating signal
AN, — == WA
AJBHIES i HITHIES
Light Input 4 Modulated output light
&
ERESEEREZRD T I\ AEE

Schematic of the guided-wave light modulator
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Computer simulated orientation of

Wl vanadylphthalocyanine molecules
on KBr crystal

BEFNRREFE 7 LA
Far-infrared Photoconductor Array

BERRREREGe:GaR RN R EBIRT 7 LM%M
. 1995F RTINSO THE (SFUFEDIRTS) s s T
FEHBRNCHIHL, SMEERIELE L. COMRERE
RE7 L1{EOMRICEBRLTLET,

A space-bomne stressed Ge:Ga far-infrared photoconductor array was developed and
onboard the SFU satellite o achieve successful far-infrared observation for the first time.

ERiGeCa3RFT LA

EFEREXSRROMR
Novel Miniaturized Optical Waveguides

HEBREO/NE(LEERTEHDIC. EBOIS v FEEE
AL EEOMEEIT>TLET,

The use of metal clads for optical waveguides is being studied to miniaturize integrated
optic circuits.

umF—=5—

EiR-hOWREE

"/ Guide pattern
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Dutput light
RN RBOMS 1 A —T
HWREOZEEE S L O RERD
T, MFEOABEBLOEHETIER
WREOWENE DROBHERTED.
1 Cross sectionsl

' view of the guide

[ e
TERBIT RIS High index core
I“ ﬁTﬁ"'}‘y I+ Metal clad

By the use of metal clad, 90 degree
elbow, T junction, etc. are feasible.
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photoconductor array
FeScimEkl
Leading-edge Photonic Technologies
BRI 1 —X FXEDOHA WA DREDHRA
Squeezed Light Generation of Phase Conjugate Waves

BENL—YRLYRIENCERETE. EREAIA—XF
RIS ARTA —X FROFEE. HLTICHBOHREIT>T
W E 'g‘o
The noise inherent in laser light limits the application of lasers in optical communications.

By altering the noise properties of laser light, researchers at the CRL have been able to
generate ulfralow-noise squeezed light.

SRR B RhE BRSO RESFEIC
B3 DERPTORBENEIE — LTS
The photograph of typical beam-path pat-

» tern inside the crystal in rainbow-shaped
mutually pumped phase conjugator.

WAREBIC LB T AN MG EHA

Ashestos Real-time Monitor Using Optical Technology for Protection on from Atmospheric
Pollution

KILZ O 2HEMERAL T, KSEBEOBERFALEC
BI B, BFICHBER, ERHICALWSEDTEDT
NG FPBRFARAL - YFIIA L - EZVEBERELTL
?‘Co

A portable ashestos real-fime monitor has been developed based on the light scattering
theory and optoelectronics for protection from atmospheric pollution by asbestos aerosol.

RHEFES L ORAIFTEZOT. 74 7597
1 7 HERERV AR OREDOHRET>TWET. —
DOFL LMIFAAREENE LT, 4T
ROBEMRARIEORES
EHCe F—7 DBaTiOsiER|/TE
fExhZE Lk

The generation of phase conjugate waves is be-
ing investigated by using photorefractive crystals.
As a new type of phase conjugation, a mutually
pumped phase conjugator with a rainbow con-
figuration has been achieved in a BaTi03:Ce
crystal.

ERUTPILSALEZSER
Portable Asbestos Real-Time Monitor
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lon Trapping and Laser Cooling

BERRICHLA A A E2, L—YRTREROKMUT £T
WETBHIEICKY. BELTRBIENTERLICRY,
W TIHERFHANTTRERY £7,

lon trapping is & promising technique for high-resolution spectroscopy. The ions can be
cooled to an extremely low temperature by light pressure.

HZETOEEHEFERGEDHRA

Distortion-compensated One-way Image Transmission in Free Space

KEGPGEEDIZE. ARICLPBLED RO RTERHE
WHEATEATHWET, COEHEFIET B0, [iALE
BUA L b-OeL > FOEREMEROCERER
BEEGEOMRET>TLET, B, 10kl bEn
Skl FENOEBREMEAVLT. BoLWEAGEBEBL
TEALBBRERHETSHMLVERGEDHZEEERLEL
fzo
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The results of one-way image transmission by the use

of the incoherent-to-coherent conversion based on
photorefractive fanning effect

3
4
-
b

At
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VOLAA R

Trapped and laser-
cooled three Ca ions

One-way optical image transmission through a medium with thick dynamic distortion such
as a furbulent atmosphere is being studied using phase conjugation and/or incoherent-to-
coherent conversion techniques. New methods of performing ane-way image transmission
through a turbulent atmosphere have recently been demonstrated by using the
photorefractive fanning effect and four-wave mixing without a reference beam.
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EAICEER
Distorted image

WIELrcEis
Reconstructed image
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Electromagnetic Compatibility (EMC) Technologies in Radio Equipment and Living Things

ERIRIRET A

EM Environment Measurement Technology

BES R T LCBFH#ESOEMC (BHEMILY) % BE
T2HICHELEA - FERMTT

BREAER~REIEECEALTCOBELTLET,
Various investigations and studies such as a method of measuring electromag-
netic disturbance have been conducted in order o secure the electromagnetic

compafibility between radio stations and electronic equipment, The biological ef-
fects of electromagnetic waves are also studied in this project.

HeEsDEBRBARSEMC(BRELM) O A—T
An example of electromagnetic environment and the concept of the EMC.

Ef*’\@lﬁﬂ?

BB DIEERIRE Electromagnetic Environment s

EMC: Electromagnetic Compatibility
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Electronic appliances and

Infarmation technology equipments
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High-Precision Standard Time and Frequency Technologies

R CEIRE - B RS e il

Next-Generation Frequency and Time Standards Technologies

BEFRBESIREROHA

Research on Atomic Frequency Standards

BENERECHZEFHIEOFEORERE—BTETH
Y., ThEEECEECREROBEEZRETZONREFEAR
B AES: (RFRERD T WA - BEE—NVEEBTERSO
FREEHABERENF Y. BEAE. CRLTIEKENISTEREFTI0S
BOEESOXMER 2 U ARRMIEEROREET>TSH
Y. CRLOMEEIKETORRICSMLTLET, £ &K
HROBER L L THEShTO 3 RFREISES DR
BToTWET, CARBREDL—¥HETEFIRAL TRFEH
pKIZETSEH L2056, Hm/PORETRERFEROL S ICIT
B EFBHFRT. HREREER L YH—TENIEEEI
EhTLWET,

—5. RFRAREBEROBN -AEEREEEE,I LG
RAOUEDICHEEEBRFES DY .. RFRHIORTRS
REEIENTLBKEXA—YEFEICENT 5 ODOMRE
HHITo>TLET,

RROSHEL - SRE(LICET IR

Research on Precise and Stable Time Scale

CRLTRBZXORERZLUBENISL. 1D, RELLD
ELTEERL, T HROFEERTHSERRFROSHEE
RECHEDFERSZF5 S 2o, UTOERY, hDE
BHESFOMRBAEEZEDTLET.

5. 1) REDGPSHEZMNLELARLY b1~2HEH
I-¥EE%E B L B ENS AL BRI O & £ D2
By P70 OBEICET MR, 2) RENLEREE T,
WEORFEEHERC EHFEhPERR

NISTCORRIER YD L
EREIRAERE DR

Development of the opti-
cally pumped cesium fre-
quency standards at NIST

FEFREEOERREEE
Basic experimental setup for
the fountain type standard

The fransition frequency of atoms in an ideal state is constant, and is used as the reference
in an atomic frequency standard, which generates the standard time and frequency. CRL
and NIST of the U.S.A. are now collaborating to develop an opically pumped casium fre-
quency standard with an accuracy at the 10 level. CRL staff are participating in the devel-
opment at NIST.

Research on a fountain-type frequency standard, which is expected fo be the standard of
the next generation, is also being done. In the fountain standard, cesium atoms are frapped
and cooled down to a few pK by using lasers, and then launched upward like a fountain,
The fountain-type standard is expected to achieve a 10" level of accuracy in the future,
A space-bome atomic clock is one of the most important application fields of atomic fre-
quency standards. An R&D program on a space hydrogen maser, which has the best
frequency stability among atomic clocks, is now being carried out.

1) Research on Two Way Satellite Time

Transfer to increase the accuracy of time transfer by one fo two digits from the conventional
GPS common view method and on the construction of world wide time transfer network,
2) Development of an observafion system of the millisecond pulsars whose pulsing rates
are expected to be more stable in the long term than atomic clocks on the Earth, and its
applications to the construction of the stable ime scale,

3) Theoretical investigation on applications of very accurate fiming measurements to fun-
damental physics and astronomy by making use of the accurate atomic clocks that can
detect the slight effects predicted by the General Theory of Relativity.

E I VLY — OB & 7 DR~
DISHICET 2R, 3) EHHREO—MR
HEIMTFRENATL DT I EEEDD
NHELBEHTZZEEDRFEHOER
E - BHREAMESPRECCHAT SE
R, BETT.
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\ \\‘*- Ultra Stable
Millisecond Pulsar
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In CRL the research on the precise and stable time scale is
being conducted to generate the Japanese Standard Time
and to contribute to the precise determination of the Intema-
tional Atomic fime. In particular, wee are making advanced

CRL
§’ ooooog g
059000 3
SE i

basic research on the following fields. WEWHEEAILR

Two Wav Sstellite Time Transfer

DAV Var e ) 5|
Observation of millisecond pulsar timing
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Advanced Radio and Optical Measurement Technologies of Space and Earth Environment

HEKRAER(L  URE B DS AT DO HZ

Research on the Measurement Technologies of Global Warming and Climate Change

(B 2.5km E@EE)
(Cross-section a‘lii-km hei

&

BFED S OREKEA

Precipitation Measurement from Space
HROBEKSHOERIE. HWERKER(bL & QURES DERBICT
ARTY, TOL-ORELEHERL —FOEELZ L. HEIRE
OFEKBRAFMOMREEDTLET,

Information on global rainfall distribution is crucial for understanding what causes climate
change. CRL has been conducting research on space-based rainfall measurement tech-
niques, in particular a spaceborne rain radar.
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Tropical Rainfall measuring Mis- %n 1
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WRAETHEDES Distance along flight direction (km)

1997#12A198., EAEETTRAMMEERL —
FIZF DRAE NI ER28SOEMSH
Rainfall distribution of typhoon#28 measured by
TAMM PR over west Pacific on Dec, 19, 1997.

WFED SOE - WE DR

Cloud and Radiation Measurement from Space

BlCE, KBEro0XERS L. BRICEET ZREBEERD
TR E, MREHILFHICHTIT < BMHE2 A 528
RILHROMEDHRIBY ET. TORDH. EOIRTHHE
EHIRBETRIAT 52 & 3. HBROERBEOFRICFAT LT
o TOBREBDH-HICHEREIVEEL—FEBHBLE
MREEEEDTLET,

Measuring the 3-dimensional global distribution is crucial for predicting climate change
since clouds cool the Earth by intercepting sunlight on the one hand, but heat it up by
intercepting the Earth's radiation on the other. CRL has been conducting research to de-
velop a spacebome millimeter-wave cloud radar to help in this measurement.

-15dBZ

CRLOMZERER= VBB —FICEDE M
AEnEBOEEWEE(1998538278)
Vertical profile of cloud observed by the CRL 1
airborne millimeter-wave cloud profiling ra-
dar (March 27, 1998)

BFEHISOEDSO—IVILEH
Global Wind Measurement from Space

FEIOHRBOREHET 02— FyT S
— AT —DREELTLET,
Acoherent doppler lidar has been developed to measure the tropospheric wind from space.

A w oYLy T ORR)
Ground-based observation at Svalbard

BEXRHERIOIViE-YJ S ViESREESA

Highly Sensitive Millimeter-wave and Submillimeter-wave Radiometry of Stratospheric Trace Gases
TV BRUAY CBEBERT DARGPOMEAADSESTE I NLLDHS
FTHhoFEnEERI VIER(R00~300GHZ) RUY 7 2 S
(600GHz) T, #i L. HER. FEHICEBATH-OOMRET>TLWET,
Ground-based, balloon-borne, and space-borne radiometers are being developed in the millimeter-wave

(200~270 GHz) and submillimeter-wave (640 GHz) bands for measuring trace gases related to ozone deple-
tion in the stratosphere.

MEEFEAT-Y 3 VERBGEY TV LRSEY Y5 OH%
Development of Superconducting Submillimeter-wave Limb-emission Sounder (SMILES)
on the International Space Station

ERFHAT—>a  HEARRED 1 - VIRERAOE#Z O
LT FHIr LAYV BRSO BETRET 5600GHz#
T IEMEER AT LOREEZEDTLET,
Asubmillimeter-wave sounder is being developed for monitoring stratospheric trace gases
from the Japanese Experiment Module of the Intemational Space Station.

BEEY TS UREY LHSY D 24 (JEM/SMILES)
™ Superconducting Submillimeter-wave Limb-emission
* Sounder (JEM/SMILES)

""" HFREIREE (FRAMRIR - BR(E - IBFBR) ENE DT AFEESTA

" High-resolution Measurements and Monitoring of Terrestrial Environment (Deforestation, Desertation, Sea Pollution, etc.) and Disasters

R ERDORESHL—TER
SAR polarimetry image around Tottori
dune HH:red, HV:green, VV:blue

BOMEIRTYA I DERBL—FERELTLEY, 20D
L—% 3IRMRIRD & 5 BRIBEECKEDER ICHN & RE

LEY,
We have developed an airborne topographic and polarimetric imaging radar for monitoring
the Earth's environment and disasters.

IR L — Y IEAEE
Airplane with imaging radar
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The U.S.-Japan International Joint Research Project for Studies on the Arctic Atmosphere and Environment in Alaska.

Y U BRIEHEEE (L Ic S ICEET A REE - hEEE This is a U.S.-Japan project to observe the arctic aimosphere over a wide altitude range
from the troposphere up to the thermosphere in order to investigate the effect of the polar

St ‘Eﬁﬁf B0 D AE TR 2 TORBAXIOBEN 28 atmosphere on the Earih's environment. The observafional experiments will be performed
AT BRERARTT . 7IRANBAEREEEL 7. in Alaska.

__PARHB - KRHS)
Gravity, tidal, and planctary waves
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W Cimas Polar stratospheric ol

IvEa—8ay k-2
Computer network

\ BAfSE J N\ KERSE
Iapan-Side US-Side

EEEXAFICOVWTOEELBEEETTEBUCEREER RS A—2E
Schematic picture of U.S.-Japan joint to observe the arctic atmosphere by using high-technology radic and optical methods

AR AN A GIS e

Precise Positioning, Space Geodetic Technologies, GIS kL1

| Morth American plate =l

NVLBI(BEERERTH)OMR S
Very Long Baseling Interferometry (VLEI)

FKIEDEREABBRERECTSE L TRk LOERIE
RIEERROBEERBEICRET 2HMTT. 7L — MERP
HEREGEEZREBICHET 2OIERESATLEY, £ 8
EHIEERS A7 L (GIS) OFKICEEAZAE T,

Precise measurements of time differences in the radio signals from extragalactic radio
sources received by large radio telescopes can be used to determine the relative positions
of the telescopes and variations in the earth's rotation with unprecedented accuracy. The
accurate positioning capability of the VLBI technique plays an important role in Geographic
Information Systems (GIS).

Eurasian

ABETVU= R
Pacifc plate

VLBITEHAE Nfc 7L — MRS ERIE
Plate tectonic motions measured by VLBI technigue

VLBIOF — 2 LB LW TIREEO 7 >
FTHFTRELLEENSOTEESE. 15H
ETLLAENFLSRAUESDETEEL., —
HT3ETOBHEISZTAFLOT LT
FADEHEREEERDET, IOEEE
HEEERNEEEVET,

In the data processing of VLBI, signals re-
ceived from a radio source are cross-corre-
lated to determine the precise time delay be-

tween two stations. This picture shows a de-
tected fringe.

ER34mODF T

(EBFEBEEzZYY—)
34m antenna at Kashima
Space Research Center
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To improve SLR technology, syn-
chronous laser ranging, eye-safe
laser ranging and weak signal de-
tection devices are being studied.

BSLR(EEL—YRlIE) DA%
Satellite Laser Ranging (SLR)

ATHEICEH SNWERFARICH ESS L —FHE
YT, FEFHOAE,N SEEMEZRE L. HRE
OHABOUBEZBEICRHDHRTT,

Measurement of the round-trip time for a laser pulse hitting a corner cube
reflector on a geodetic satellite is used fo determine the orbit of the satellite.
The position of an Earth station can also be determined in reference to the
orbit of a satellite.

ARl DIt

High-accuracy Geodetic Technology

NESE LIRS ERRISTE
Key Stone Project in the Tokyo Metropolitan Area

HEEOLEERER B0, 4008 SICVLBIE
SLROATLAERBLIBERBALZ{To-TWET,

To monitor the crustal deformations in the Tokyo L—F R
metropolitan area motions associated with seismic Mm

activities, the precise positions of four sites are mea- / 3
sured by VLBI and SLR.

ERTFEEEEyS—ANICERLE
VLBIR7 > 7+ &SLRAMER

VLBI and SLR facilities at Kashima Space
Research Center for the Key Stone Project

WHED S OES
Flacko e from quasass
SLR 4

T~ MER TR
Earthquake ccours on the boundary of plates
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Acquisition of Environmental Information and Advanced Applications

FHEXRFHIAT L

Space Weather Forecast System

AR R [l Solar X-ray NN
Solar flare \ A ‘-.H
.,‘\ \ \ A

BFEXTFHRY AT LOWSR \

Research on Developing a Space Weather Forecast System
[FERSFHRIZEBHE L TFEREOZH AT T 2HREE
HTLWET,

Research activities for the prediiction of the space environment to establish a 'Space Weather
Forecast are in progress.

LT T
Solar flare paricles

AREREO LT MR

Radiations from solar flares
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(Optical and Radio Observations of the Sun

SEMH o KIEEERPERARZ MEREZRALT
ABERKOEEZEN L. KBEEERECHEEDO TR
WRET>THLET,

Prediction methods for solar flares and geomagnetic storms are being studied by
using the high-resolution Ho: solar telescope and the radio-spectrograph.

Ho AfS2EE

Huo solar telescope at the Hiraiso
Solar Terrestrial Research Center

Heo KIS EE S TRAlE NoAREnE

A solar active region observed by the Ho solar telescope.

BFHZEOHA

Research on the Space Environment

NASADACERIZHRIE LIERKBRDT—5 %7 L5 A L
C TAFL. FHRATFRICIATIHRET>TLEY.

Fundamental research on the sun, interplanetary space, and upper aimosphere contrib-
utes fo work on space weather forecasting and an understanding of the earth's environ-
ment.

b UNUTIRTY
Earth orbit

15milionkm | Halo orbit

Solar wind dislurbances

ACEHZC LD EBADRIFAE Real-time solar wind manitoring by the ACE satellite

|5 p=t. e | VT4 P

Computer Simulation of the Space Environment

AbemE, KBEE. WHRESECEHRBEORS SHELICEEL
EEHZEDL>TLWEY, ZOREMEEFRAOYIELERE
Yial—YaritdoTHRLTLET,
Computer simulation is used to study the interaction between different plasma regions in

the solar atmosphere, solar wind, maanetosphere, and ionosphere.
Z

MRpEEEO=a -3y
A simulation of the earth's magnetosphere

WEEiH7

International Collaboration

HEI10PEOERE #— LIERZBETLENL, EHO
FHEEBFHRAHLTLWEY. FERISFHROMBAREEME
ICIEHET 38 R>TLWET,

i i O IR EEEER
Daily space environment o e

forecasts are issued and o tEmE 5—
\ Riegional Waming Cenl
exchanged, together with o

observational information 5 P \WRRSAW

among 10 wamning centers
throughout the world. The
algorithm developed for
the space weather forecast
is verified through this ac-

fivity.

HRSHOFEREE 57—

Space environmenl forecast centers in the world

BAEZFEFGFE(PLANET-B)ESTEI~NOEN
Participation in the first Japanese Mars Mission (PLANET-B)

hF 5 EOEFEBATHEELERT S XHMfEEs. 1998
FIITEETFOhEREREFRICE#IATLET,

The Japanese Mars mission was launched -'
in 1998 to study the structure and dynam- o i
ics of the Martian upper atmosphere. This p M
mission includes the Thermal Plasma Ana-

Iyzer (TPA) developed in Canada with the i
participation of the CRL.

HEREHERGR
An artist's view of the first
Japanese Mars mission

BESEAROMHA
Research on the Upper Atmosphere

MFL—=&%F )T LA F—%E>TAFLEDEBRE
ARDOBRIREEICBT 2MFTEToCLET, FEEBMEHLT
b, BREASOBRAEEBLTLET,

Research on variations in the upper atmosphere is conducted by using the MF radar and
the Na lidar operated in Japan, and other radars at Syowa Station, Antarciica.

BERNEROF—05
An aurora photographed at Syowa Station, Antarctica.

LN HRAIAR IS B & e MF L — ¥ TRIE Ui Rl E O R EEE)

Long-term variations in zonal wind obtained from the Yamagawa MF

radar.
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BHRART FUD LT I—EE
BEIDkMNIICRENCRETHF FUDLBERILEY.
Transportable Na lidar

This lidar can observe sporadic Na layer at around 90-km altitude.

BRAFRIREOY T— MY Y Y IEHDRA

Research on Remote-Sensing Technology of the Sub-tropical Environment  Sietsszein Reder nesszoce) | i

RIS B UL T19974 A O 55 B ICHREVE R QUEFFEE) & B
TOMLLISEEOL—FZ2MEL. REZHEE=F/-T5
ERBFIC. EBRPOXRAREZRETHFETT,

We are developing three kinds of new radio wave remote sensors for measuring the sub-
tropical atmosphere and ocean dynamics in Okinawa in order to monitor changes of the

environments and to study their mechanism. CRL is conducing the project in conjunction
with universities, and other Institutes.

RRBEEEERZ AV ChIRIRIE ST — 5 OFI RO

-

Researches on Technology for Global Environment Data Utilization using Information and Telecommunications Technology

BEREMAA TR, 199746A CZ 21— — 7 EERLET
B s h- EEREAR SRS TR S - ERBRRS(IC
Y BERBEORENLERAOBEICA>T. *v F7—2
FOBREFRMOMRRRAE 20T — 7FIBRSFICHE T
ZERADEODRREITOTLET, TILFAFAT - IN—F
b SR
(MVL) 1225
F o
EREIR S
KRESH
TEMHLEHE
fire®&E A
Fy 7=
7 &R %2 1

RSN THSNIEN
FHCERERT 5D
MEHME. S0 MR

BRI 27 LEBEL. FARRETVET, . BEIS
BrY F7—-22BLT. BE, SHEEICSHT DHIREE
R - BREBEEHES L. ML ULBRORET— 2RO
REETLET,

According to the adoption of the United Nation General Assembly for the Future Implemen-
tation of Agenda 21 held in June 1997 in New York concemning application of information on
global environmental issues, CRL conducts the researches for application of network, in-
formation and telecommunications technologies on global environmental measurements
and their data ufiization. Multimedia Virtual Laboratory (MVL) is essential for global envi-
ronmental studies in which many kinds of diferent research fields must collaborate. CRL
are conducting researches and development in order to demonstrate the effectiveness of
MVL system, such as network measurement system and cooperation analysis system. In
addition, CRL is developing a system and technology which can interconnect global envi-
ronmental observatories and research institutions dispersed all over the world by using
international computer networks. Scientific and other research activities are expected to
be promoted and increased through such new tools and technology.
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" Human and biological informatics

[EVIDIFEREREICEI I D7)

RiFlF E IRHBEDRSICRT 3R

Research Concerning the Function of Brain and Information Communications

Research on Biological Information Mechanisms

BIEFPRERRDOL S BEESBHRLEOREEZHEAL FIATSHOHA

Research to Clarify and Apply Advanced Information Processing Functions such as Genes and Senses

BEVOHME E(LEEBICE AL IBHRNLIEDTHRR

Research on Information Processing Inspired by Perceptual and Evolutionary Mechanisms
of Biological Organisms

TIATERIBEFIV, Za—FhFxy F7—2, EiE
. B3AK B4mEEEL2AV-EWERLEGRRMNEICD
LWTOHREFTVLET.

We study highly efficient image processing using Markov random field models, artificial

neural networks, evolutionary mechanisms, and modeling of 3-D objects by extended tri-
angles and tetrahedra.

R ETILICE D MENE
Information processing based on the
modeling of evolutionary mechanisms

RO
HEPHREH

Metaphrase chromosomes
in a HeLa Cell

BEVORRBEZRRAT SLHOHA

Research on Understanding Biological Processes

BoEE. BCERLEDEMBRORME DER L B 24F
AFOEMERBORBRC. £ &R EE> THRIEADEHRL
BiRRERELT2MERTY,

The goals of the investigations are to reveal the mechanisms of biological processes, stch

as self-repair and self-replication, and to visualize the processes of the intracellular signal
transduction in living cells.

B FREGELER
Real time visualization of single biomolecular reaction

WEEEEDS 1 F S A LICHT SHARMRE

Research on Dynamism of Memory in Brain

L OBEEET RO L. ThERLROTEE
PEIREEEOENET 2TV, HMOFREERLED LL 2%
FAFTIXLOBRISBERALET,

To elucidate flexibility in informafion processing of the human brain, we develop new tech-

niques of aptical monitoring of brain activities and analyze dynamism of plasticity and
higher functions of the brain.

EfMRI(functional Magnetic Resonance
Imaging: #EEN RS HIEER)RE

fMRI [functional Magnetic Resonance Imaging]

HEERICL 2RO EESZAAL T, AOROERALZEEE
B LY. BEOBMEDCHET 2MOESBLEHA~S
CEhTRET,

Strong magnetic fields generated by a superconducting magnet and advanced imaging
techniques allow MRI not only to create structural images of the human brain but also to
study its function.

MRIZEEIC L DB N ORIBEEER
(ERBICRRINERS L EE0EEES
1 RIRWEFDEEL)

[fMBI]

An example of human functional brain image.
The right primary visual cortex in the occipi-
tal lobe is activated by visual stimulation of
the left visual field.
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[E1—72-02 225 =Y 3V AN LICHTBHA]

Research on Human Communication Mechanism

S BANEFEOAFEEEUENS ANEALORICHIIHIZ 12— 3 VHEEERIAL.
BROE 17T 7 RREERHOBRLEIHA

Research that will Clarify the Communication Function between People that will become the Foundation of Future Information-communication Tech-

nologies

HI=Za2=5—9avoBRMAA=XLOWRE
Research on Cognitive Mechanisms of Communication

AEAEDOAZ2=ZH5—2 32T, BLICHFOIEERE
HM%EIRA. HFOIBICH>T. BROMEDBERET>TH
= I

FHAETE. AESAFLEDELYEABII 1=y -3
CEERTBEDIC. ALALEDOWNEENEL. SEPEIRY
ICASLNEBRESMTLTWEYT, F/h-. ORy FEEEBE
LT, B/ROPYEYANTI 1= —2a IlRETREEH
RLTLET,

HERNHEZEORY b

Attention-sharing robot

To improve human-machine communication, we are analyzing human intentions behind
the verbal and non-verbal behaviors in human dialogues. We are also investigating the role
of attention and gaze direction in human-robot interaction.

BEEBASHEMEY AT LOWR
Research on Advanced Natural Language Processing Systems

HISHO & 7
HISHO system
(Helpful Information Selection by Hunting On-ling)

FB. #ER. BlthE. ABOED
ERHEEEZETILMEL. TOHER
ERICRECBASHELES AT LE
BETLIHAREZEDTLET,

WHHELT., smBlxrybza—2
REENRELEMNZ=Z 21— —%
(HISHO) mBaF%Z. EEHAE LT
A DHRAEHEBTHIAFEI—/1RR
DIEFXR 71 BT+ A FETOMR %
ToTWLWET,

We do research on modeling human intelligent functions,
such as leaming, inference, and emotion, in order to con-

struct an advanced natural language processing sys-
tem.

TE %

Regular Services

ZFRTIE. RN - RERRMOMIEDED . HPREGRIFR
ZF U, MRS TTON TV ERIEH A AR EE
BRABETESNET—9ZRE - REFL. —RICHLH -
RELTVET, T, BRERORERENRURIEZTD
TWET,

The CRL disseminates fime and frequency standards and provides ionospheric and solar
activity data for general use. CRL is also responsible for the type approval and calibration
of radio equipment.

¢ SR EF SRR
Advanced Use of Time and Frequency Standards

BZAREERF (3. RURIFEEEIRAIIY (5,8,10MHz) I & 2 TH
EENTLET, BEEFONTTORHEY—E A lE. COEEE
BEZELTHIEZELETLWET. $. BEEEHRIG2AS
(40kHz) EBZIO— FAXEL TH Y BRIHZEICFASsh
TWE7, BEREFEREECEHEMEGI0 L. EXDEE
BREBELTERENDFETT,

CRLTWETVAZ —HT7F+ 1) 7. JG2AS. GPSENDES %14
AL TEERREAEHE L THY . ST, BIEHMR<—2N
EOHNEEROMABREY —EXHToTLET,

FCRLTWE/SV O BEICEY., HETHEEC1/1000E
EDOBETEERI rBONDY—ER(FLARLIY)ET>T
WET, Fi=. 1F—2v b ETEREBEORNAEHLEETT
S INTP) R HTo>TLET,

CRLOIREERF - MERNMICET 2 —EXRT—F7 D5
EWWWR — L~_— 2 (http:/fjly.crl.go.jp/) TRELTWLWET,

Japan Siandard Time is disseminated by JJY (HF, 5 MHz, 8 MHz, 10 MHz) and JG2AS
(experimental LF, 40 kHz). These signals are used as the reference for the time service of
NTT and broadcasting stations. Time Codes are superposed to the LF signal and are used
for the automatic time adjustment of radio clocks. From FY1999, the LF station will in-
crease its power and will be used as the regular time and frequency standard station.
CRL also disseminates the frequency standard via signals such as JJY, JG2AS, TV color
sub career and GPS, A frequency calibration service is available on request. A dial-up time
service has been implemented and research on the Network Time Protocol (NTP) for com-
puter networks has been conducted.

S BEDIFER[DRE L ZTDHESR
Generation of Japan Standard Time and its Dissemination

CRLTIEMI0OEDER Y 7 LAFEFIEt &2 AL HAEERF &
RELTLET, BREERIGPSEHEICLY 1BHSD 1HO
BECHRASEOERERLEB N, TORREZEEERER
LM, BEREFRORECERKLTLET,

iz, ERBO&SICLTRES WD ATTER L. HHIEE
BIRIIY (5,8, 1TO0MHz) ICL > THEEZNT L E T, BUEF®P
NTTORRY —ERE. COEEBEREZEL THAEEHLE
TWET, . ERERFIG2AS (40kHz) 38R 0 — F &%
ELTHY. BRI T ECHAzsATHLEYT, BEBEFR
TEEICEEERO L, FRMRETEEL L GERBKS
hEd,

E I, CRLTETVAZ—H7H+ 1) 7. JG2AS, GPSE%
e LTRARMERERL L OBERTREELE LTEY., T
FHAEER., BEER A —h—T & OHNEESRDRABIEY —
EALEMLTLET,

ERRORBIMBERLE LTE. AVvarBEREICLY.
HTHEEIC/100VEEOHBE CIRERNIEBLAD Y —E R
(FLRVI) ZITOTWET, Fl. 1o 59—F v FRED
SRy P —sCERESAHEER OB HhEDRED
DO FEE (NTP) e & biEHDDHY £7,

LFTOIRER - BERRKICET 2 —E 07—~ DM
&, WWWik—L~—2 (http://jjy.crl.go.jp/) TRRLTWLE
ER)

In CRL, Japan Standard Time is generated by using about ten commercial Cesium clocks.
The time fransfer between CRL and time and frequency institutes in other countries is
carried out by GPS common-view method and these data are contributing o determine the
International Atomic Time (TAI) at BIPM.Japan Standard Time generated at CRL is dis-
seminated by HF band (JJY; 5, 8 and 10 MHz) and LF band (JG2AS: experimental station;
40 kHz) which is used as the fime and frequency reference in wide domain. A new LF
station is under construction to increase the transmission power and it will be in operation
from middle of 1999 as a reqular standard time and frequency station.Frequency calibra-
tion service is offered on request. A dial-up telephone time service has made practicable
and the research on Network Time Protocal (NTP) for computer network has been con-
ducted.

S EREHROREXRERURIE
Type Approval and Calibration for Radio Equipment

EEEHPEBRER & (CE DL TR MMM A
L—%. HXAEREEL EDRFREEIT LHICHESED
BEZEBLTLET,

PRIOEENDE, Hk CRERERBR OB ARERD
ODRAEROBEZREL. BREEREORE~OBEPLR
ERBOODBROFBEERZ EICRI>TLET,

The CRL conducts type approval tests of radio equipment for marine safety systems, ma-

rine radar, and land mobile felephones. Performance tests and the calibration service of
equipment for measuring and monitoring are available.
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SERERERA

Routine lonospheric Observations

B2Al2 EZLT 2BFEEOHSHRECEMEGRICHE
BERENET H-DIC150BICERICERARS LT, Bl
BOoEEBANEZERBL LT, BRE. EA. BSF. 1L
NI shig. EmEEFEMOSEMTIT>TULWE T,
lonospheric observations are conducted every 15 minutes at Wakkanai, KokubunjiTokyo,

Yamagawa, Okinawa, and the Syowa Station in Antarcia. lonospheric electron density pro-
files and characteristics of ionospheric propagation are determined by these observations.

S EREHRE-NEY Y- (WDC-C2EY5-)
World Data Center C2 for lonosphere

BEEEICE T HIFHENE. RELTLETY, Tk Ol
RERE YLy PT—JILEBTF—FOTMEITL, T
NoDF—FEAT—%Y
PEICLY—RICARELTL
£79.
(http://hiraiso.crl.go.jp/wdc-
c2/intro.html)

The CRL maintains ionospheric data as
part of the world data center system and
regularly exchanges data with other cen-
ters. The data are available via the Intemet
(http:/fhiraiso.crl.go.jpiwdc-c2fintro.himl)

HRF—F I I—IAT L
WORLD DATA CENTER SYSTEM

SFHIRRBRHY—ER

Space Environment Information Services

ERZMOBERTRB L EREL T, 12 5—F v FRUON
VIAVBEEEBELT. FHRET - FR—ADF 54 4 —
EX&E{T>TWET,. (http://hiraiso.crl.go.jp/)

. FRFHRR L 7 — (@ECEEBEERE 7 )R
SOFERBEFRELLICLETFL7A—EXbHHLET
cRAICEhEY,

Current information on the space environment is provided via the Internet (http://
hiraiso.crl.go.jpf) or a dial-up modem. Customers can listen fo a recorded message de-

scribing the daily space environment forecast issued at the Hiraiso Solar Terrestrial Re-
search Center (Western Pacific Regional Waming Center) via telephone.

L 7xH—EZR

e IR ERIRR (0162) 22 4949
RitERUBEEEER (022)222 1919
FHFHBREE ¥ — (029)265 7575
BERAWRARRR (042)321 4949
L)1 B SR R R P (0993)34 1919
SR R LR PR (098) 895 4949
AHEREEEER (06) 949 4949
(ERREETBHEESTY)

Recorded Daily Space Environment Forecast via Telephane (in Japanese]
Wakkanai Radio Observatory +81-162-22-4949
Tohoku Bureau of Telecommunications +81-22-222-1919
Hiraiso Solar Terrestrial Research Center +81-29-265-7575
Kokubunji Headquariers +81-42-321-4949
Yamagawa Radio Observatory +81-993-34-1919
Okinawa Radio Observatory +81-98-895-4949
Kinki Bureau of Telecommunications +81-6-949-4949

S LIRYIDFT

Publications

CRL=a—XZ (AT
BERSHAFRFER (GE1m)
BERSWIAAER (ET)

lonospheric Data in Japan (B T)

No g swp =

1. CRL News (in Japanese)
2. CRL Annual Bulletin (in Japanese)

3. Review of fhe Communications Research Laboratory (in Japanese)

4. Journal of the Communications Research Laborafory
5. lonospheric Data in Japan

6. Catalog of Data in World Data Center C2 for lonosphere

7. lonospheric Data at Syowa Station (Antarctica)

Journal of the Communications Research Laboratory (£E3[3])

Catalogue of Data in World Data Center C2 for lonosphere (£51[3])
lonospheric Data at Syowa Station (Antarctica) (£E2[g])

Monthly
Annually
Quarterly
Thrice a Year
Monthly
Annually
Tiwice a Year

S EBLAR

Book Information(Japanese only)
Ouz—7Y 3w M EE BT A—LH
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OFEfEOEMELR BT T A&

Main Facilities

O¥MBRERAM

(45" 238'N 141" 41,1'E)

BOtEH (25,205m)

T097-0004 JLEE#NmR2-3-20

TEL (0162)23 3386 FAX (0162)24 3227

@HEEZF TRTFERBREYS—

(36" 220'N 140" 375'E)
WithEM(31.440n1)

T311-1202 FHROTCSEHHEIE3601

TEL (0292)65 7121} FAX (0282)55 7209

@BENA BERFEEERVI—

(35" 57.2'N 140" 400'E)
BEM(81.440m)

T314-0012 i EEEHTHE93-1

TEL (0299)82 1211 #% FAX (0299)84 7156

1 Wakkanal Radio Observatary

45 ° 236N 141 *41.1E (25,205ni)

2-3-20 Midori, Wakkanai, Hokkaido 097-0004 Japan
Phone +81-162-23-3386

Fax +81-162-24-3227

2 Hiraiso Solar Terrestrial Research Center

36 ° 220N 140 * 37.5E (31,440nf)

3601 Isozaki, Hitachinaka, Ibaraki 311-1202 Japan
Phone +81-29-265-7121

Fax +81-29-265-7209

3 Kashima Space Research Center

35 °57.2N 140 ° 40.0E (81.440m)
893-1 Hirai, Kashima, Ibaraki 314-0012 Japan
Phone +81-299-82-1211

Fax +81-299-84-7156

A5Fh - 3ZPf - ERAIPRPRTE D

YRPR & ——EE
YRP lchibankan

@B SRR AR

(35" 424'N 139" 293 EF)
BIBEM(121,078 m)

T 184-8795 BRE/NEHMEHILET4-2-1

TEL (D42)321 12111 FAX (042)327 7596

EARERTFART

(35" 422'N 140" B51.5'E)

WiER (6,283 )

T288-0024 FERMFMEETE9961

TEL (D479)22 0871 FAX (0479)25 0675

CHARRIMBERREY— (ERI10FE18~)

T239-084 7%/ REARTAOEI4 YRPEVS—ER

TEL (04B68)47 5050 FAX (0468)47 5059

OmEBERREE Y F—
T619-0237 REFHERIME N E2-2

4 Headguarters

35 “424N 139 *29.3E (121.078nf)

4.2-1 Nukui-Kitamachi, Koganei, Tokyo 184-8795 Japan
Phone +81-42-321-1211

Fax +81-42-327-7596

5 Inubo Radio Observatory

35 422N 140 °51.5E (6,283m)

9961 Tennodai, Choshi, Chiba 288-0024 Japan
Phone +81-479.22.0871

Fax +81-479-25-0675

& Yokosuka Radio Communications Research Center
YRP Ichibankan.3-4 Hikarinooka, Yokosuka Kanagawa 239-
0B47 Japan

Phone +81-468-47-5050

Fax +81-468-47-56059

7 Seika Communications Research Center
2-2 Hikaridai, Selka, Soraku. Kyoto 619-0237 Japan

BrEESR

(34" 423N 134" 57.2'E)

BiEHR (87.583m)

TE51-2401 EEREMEMHEESHIIS88-2
TEL (078)969 2100 FAX (078)969 2200

@) B ER AT

(31" 12.1'N 130" 37.1'E)

WihEH (35,87 2r)

T891-0516 EEBFHEEERLIBIMNI2T719
TEL (09893)34 0077 FAX (0993)35 2077

i i R
(28" 169N 127" 484'E)
it E# (8,488 )

TI01-2401 RN FABSERS29-3

TEL (098)895 2045 FAX (098)895 4010

8 Kansai Advanced Research Center

34 "423N 134 *57.2°E (87.583m)

5B8B-2 Iwaoka, Mishiku, Kobe, Hyogo 651-2401 Japan
Phone +81-78-969-2100

Fax +81-78-963-2200

9 Yamagawa Radio Observatory

31 *121N 130 " 37.1'E (35,872n)
Yamagawa, lbusuki, Kagoshima 891-0516 Japan
Phone  +81-993-34-0077

Fax +81-993-35-2077

10 Okinawa Radio Observatory

26 " 169N 127 °4B.4°E (B.48Bni)

828-3 Daigusukubary, Kuba, Nakagusukuson, Nakagami, Okinawa
901-2401 Japan

Phone +81-98-895-2045

Fax +81-98-895-4010
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