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Mt. Fuji observed at 15 cm resolution
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The VHF radar in Chumphon, Thailand
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Pyramidal radio wave absorbers for millimeter wave
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Strontium optical lattice clock
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A printed hologram
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Using electromagnetic waves to create a new, safer,
and more secure social infrastructure

Various social infrastructures have been constructed using radio waves, and it is necessary
to make them reliable.

The social environment is constantly changing and fluctuating owing to various external
factors. There is a need to understand (sense) the situation in detail and in multiple ways.
Threats that we cannot predict or grasp at this point are inevitable, and we need to
understand and solve natural phenomena and human-caused problems that are the root
causes of these threats.

We, the Radio Research Institute, are engaged in research and development and legal
services (public services) related to electromagnetic waves, including radio and optical
waves. We are steadily advancing the research and development of technologies we have
been working on as follows.

Research and development of sensing technologies that use electromagnetic waves to
accurately assess the state of society, including weather, disasters, and the space
environment

Research and development of technologies to establish standards and norms related to
electromagnetic waves are indispensable to the development of science and technology
and the maintenance of the infrastructure of modern society

-Exploratory research and development utilizing electromagnetic waves and promoting
business development of our technology, international collaboration, and interdisciplinary
collaboration

We aim to realize "the creation of a new, safer, and more secure social infrastructure using
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The Radio Research Institute will promote research and aar
development in the "Advanced Electromagnetic Wave
Technology Field" in the fifth mid- to long-term plan for
five years from FY2021. The main research subjects are i ;
basic research for mastering the use of electromagnetic - “,:H
waves and basic research for collecting, analyzing, and ol o
visualizing diverse information surrounding our living
environment using electromagnetic waves. While
leveraging the advanced R&D and technological
capabilities we have cultivated over the years, we must
also contribute to society and respond to the creation of
new values in response to the times. We have compiled our
"Vision and Mission" to achieve this aim. We will strive to
achieve the goals of our mid- to long-term plan and to
realize new innovations through our efforts in each of the
initiatives described here.

% Japanese version only

https://rri.nict.go.jp/_assets/pdf/RRI_VisionMission.pdf
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The Radio Research Institute consists of
three centers and five laboratories. Each
research center aims to realize Society 5.0 by
conducting the activities as follows.
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General Planning Office

HWEtEER : MW MEF
Director : WAKE Kanako
EEIIV—T () We conduct integrated administrative work for
Management Operations Group the entire institute and practical public relations
o q activities, provide support for various event
%;@7)1/—70 (/':P:!@). activities, and carry out overall coordination.
Okinawa Management Operations Group |  Management groups are assigned to promote
efficient operations at Koganei, Okinawa and radio
observation facilities.
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Radio Propagation Research Center
MREEV2—R:GHT

Director General : ISHII Mamoru

BUE— o RS
Remote Sensing Laboratory
[https:/rri.nict.go.jp/labo/res.html]

R FHIRIEMEE
Space Environment Laboratory
[https:/seg-www.nict.go.jp |
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Space Weather Forecast Service Group
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We will use electromagnetic waves to solve social issues such as disaster
prevention and mitigation by conducting research and development of
technologies to monitor and analyze the condition of the atmosphere and
land surface, and predict natural disasters using the information obtained.
We will also develop advanced technologies monitoring, forecasting, and
warning the status of space environment, and contribute to the advanced
use of radio waves in social infrastructure besides their regular use for
disaster monitoring.
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Electromagnetic Standards Research Center
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Director General : WATANABE Soichi

e ERIRIGHRE
Electromagnetic Compatibility Laboratory
[ https://emc.nict.go.jp |
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Calibration Service Group
2R AR ZE
Space-Time Standards Laboratory
\https://v\/wvv2.mct.go‘jp/sts/\ab \
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Japan Standard Time Service Group
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We are engaged in establishing technical criteria and standards related to
electromagnetic waves necessary for maintaining the infrastructure of
modern society and for further development of science and technology in
the two included laboratories. The Electromagnetic Compatibility Laboratory
conducts research and provides public services relevant to the evaluation of
electromagnetic interferences and safety between various devices and
systems. The Space-Time Standards Laboratory conducts research and
provides public services relevant to the generation, dissemination, and
utilization of accurate time and frequency.

B TEmRRtE > 2—
Applied Electromagnetic Research Center
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Director General : FUKUNAGA Kaori

TIRIVFEBRRR
Digital Optics Laboratory
[https:/rri.nict.go.jp/labo/dio.html]
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The Applied Electromagnetic Research Center carries out research and
development to produce diffractive optical elements using digital hologram
printing and the establishment of precision optical measurement techniques.
This center also promotes challenging and exploratory research, as well as
industrial applications of electromagnetic technologies, international and/or
interdisciplinary cooperation.
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Remote Sensing Laboratory Director KAWAMURA Seiji
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In the Remote Sensing Laboratory, we develop remote sensing technologies using electromagnetic waves to contribute to the prevention
and mitigation of natural disasters.
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We are conducting research and development of an airborne
synthetic aperture radar that can be used for observing the Earth’s
surface with a large swath width (>5km) and a high spatial resolu-
tion (<15 cm), even at night or under adverse weather conditions.
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\ Mt. Fuji observed at 15 cm resolution )
i‘mtﬁ% l/—g\— Ground-based Weather Radar ) N
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propagation delay of terrestrial digital
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We are conducting research and development
of radars of various frequencies, and we com-
bine them to study the early detection and
development mechanism of rapidly developing
cumulonimbus clouds that cause sudden meteo-

. . Wi AR
rological disasters. s
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%E'H/E\IJ Optical Remote Sensing 2
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We are developing active optical remote sensing techniques using
eye-safe infrared lasers in the 2 ym region. We are focusing on the
research and development of differential absorption lidars related
to wind and water vapor measurements. The techniques developed — N
will be used to improve weather forecasting. %ﬁ?ﬂiﬁi;iﬂ?‘#ﬁiﬁ
absorption lidar
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We have been developing satellite-borne radars that can measure the e —— T/30dey] e ———.- Tn/30dey]
global distributions of precipitation and clouds in cooperation with . o
JAXA. The data obtained from those radars are important for devis- Emfyﬁl}g%t@é—i(éﬁg _
ing solutions to global environmental problems. Precipitation radars BoNE2ROBKES K - EaﬂhCARELLfg’
for TRMM and GPM satellites have already been launched, and they orecioit : beerved b |~ =gty T ﬁf?ﬂ'{g)j?‘_;/
provide long-term global precipitation information. A cloud profiling recipitation maps observed by ustiation o
L radar for the EarthCARE satellite is now being constructed. Iﬁgﬁls (Ieft) and GPM's (right) ngi&&%‘é" by
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Space Environment Laboratory Director TSUGAWA Takuya
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The Space Environment Laboratory contributes to the stable use of radio waves in social infrastructure and space utilization systems by
developing advanced technologies for monitoring, forecasting, and providing warning regarding the space environment.
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Space weather forecast briefing room
24 B9 365 B ARG TEECFEERATHRER(ET D  We are monitoring space weather events and
delivering forecasts 24 hours a day and seven

EEBIT RKIRERIRRP FISHIR PRV T 5IC days a week . When solar, geomagnetic, and iono-
KELGREEHNESOREMADHAIERHAFELELT-FR|IC spheric events occur and are expected to mark-

o = edly affect the Earth and social infrastructure,
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alert information is also issued.
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We are conducting research and development of real-time

jonospheric observation technology, atmosphere-ionosphere :

simulation and data assimilation technology, and radio propa- 1l TeE Taz 13n uu.';-- 1aa T8
gation visualization technology for monitoring and forecasting 3

lonospheric Observation and Forecasting Technology
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Atmosphere-ionosphere simulation and data assimilation
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Radio propagation simulator

ionospheric variations that affect aviation operations, satel- 474 /Y FEREE GNSSEEFIER & A Fo &
lite positioning, and radio propagation. lonosonde observation GNSS-TEC observation —— s ng
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Toward understanding of magnetospheric processes and 5
contributing to satellite operations and ionosphere forecast,
we operate ground-based geomagnetic field observation and 10 a3 3 *
space environment databases for the Japanese meridian, and A NATA
conduct research and development of radiation belt prediction HIMAWARI SEDA DATA VIEWER
and magnetosphere simulation technologies. UEDHYSEDAT—ZE1—7
Himawari SEDA data viewer
. J
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To realize early warning, nowcasting, and forecasting of

space environment disturbances, we are performing a4 na R
research and development, including the observation of x5 thﬁlﬁ’wj/.x’_l"
solar storms for the early detection of their occurrence, S%'ar a“‘t’,so'ar ‘Q"”d
and a simulation system to predict impacts of solar storms. observation system
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Solar wind and solar storm simulation
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logical satellite, Himawari-10, planned to be launched in 2029.
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Electromagnetic Compatibility Laboratory

Director GOTOH Kaoru
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In the Electromagnetic Compatibility Laboratory, we conduct research on EMC as well as calibration services to main-

tain the EM environment.
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EMC Technologies for Safe and
Secure Use of Radio Waves
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Model of mutual interac-

B
o (RERE  tions among communica-
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Interference? BEER tion systems, electric
GFERNFRS) .
equipment, and human
- bodies
BE?

Inter ference?

RER M BT ERES
BRME - ICTHE  Domestic appliances,Electronic
BIEBUEVRATL products, and Medical equipment
5
Telecommunication and
broadcasting systems

BE - BEYRFL

ERAIERFOREY—EX

Calibration service of measuring instruments
for radio equipment

330GHZETDES
SHRERYAT

Calibration system of
RF power meters up

to 330 GHz used in
provided services
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Measurement of EM Disturbances from
Electronic and Electric Appliances

ERRGEEER
Licq/—9xvh
RAYFITINT
RS AE
EM noise measure-
ment of ethernet
switching hub in a

reverberation
chamber

BIE-EMCEHED =D
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EM Measurement Techniques for
Calibration and EMC evaluation

R VR IR
RE
Transmission system

for the broad band
pulse waves

EM Wave Exposure Assessment Technology
for Human Bodies
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Anatomical(l] realistic human models of
Japanese adult male and female, preg-
nant female and children

AR — b7+ EEREOL
RNz, BARERE

Specific absorption rate
(SAR) and power density
(PD) measurements for
. smartphones and other
devices

Monitoring technology for exposure level
to Electromagnetic Field

BRLANIVAE
HREICELSHE
ERERA R

Example of mea-
sured results by

the vehicle for
EMF measure-

BRLANIVAEEREDERR

ment A vehicle for EMF measurement
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Space-Tlme Standards Laboratory
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Director IDO Tetsuya
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In the Space-Time Standards Laboratory, we develop technologies relevant to accurate standards of time, frequency,
and positioning. The laboratory includes Japan Standard Time Service Group, where standard frequency as well as
standard time are provided to the society with high reliability.

EFRIFEDERER &iinstlRiTORBZEIELT

Infrastructure of the national standards/Exploration of the most advanced measurement technology
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Technology Development for
Atomic Clocks as Precise Frequency Sources

Cs—RAEITESS

Cesium primary frequency standard

SEAEFRE

Strontium optical lattice clock

Core device for ion tra

Int 12> by 7 5eEsEt

Optical clock based on trapped indium ions

EHMEEDELER
Measurements of earth’ s gravitational
acceleration
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The unit of time, second, is defined based on atomic transition, and
atomic clocks make use of such transition to realize the one second as
defined. Precision technologies to control atoms as well as to measure
frequencies enable the development of highly accurate atomic clocks.
In addition, we study the application of optical clocks, including
geodetic sensors for precise height determination.

IERE S AR BB L %
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Technology for the use of precise time and frequency
in next-generation wireless communications

7474 (Wi-Wi) EVa—Ib
Wi-Wi modules

Fv TR —IVRFHE
Chip-scale atomic clock
Beyond5GE LLIF6GE N A RIEREIBEERMICH LTI LUK
BERRIEER D LW IERG BRSO RO N, Z D L CRIEFREELE
ERBEFUEL UMD EDHRFENTOE T, INSH
RiDFBEZRIRT N HARELFRL TR GRRIERENE
ER iR FRE 1) IEROBEREE CoEELRRIEIPAIE
L7 T DI EEBHERARS MBI LBl (Wi-W)  2) R FRSE T2/ Y
(LU CSARGHERR B RPTRE S T 2R TR T 5l (CLIFS) . 3) 182K
DEFEFAZHEFEDE CIVREGRRRELEM T 2T 7 AXEERE
fit EORFRFEREZITOCNET,
The next-generation wireless communication technology, called Beyond5G or
6G, requires more precise time synchronization and more accurate frequen-
cies, on which ultrahigh-reliability and low-latency communication as well as
precise positioning are expected to be established. Toward this goal, we are
conducting R & D on 1) wireless two-way interferometry (Wi-Wi), which
performs high-precision time synchronization and precise positioning via
convenient short-range communication, 2) Chip-Level Integrated Frequency
Standards (CLIFS), which enable the miniaturization of atomic clocks mount-

ed on various devices, and 3) cluster timescale technology, which generates
a more stable timescale by combining multiple atomic clocks.

HAERERZ{EDFI AT A1 Japan Standard Time (JST) and Application Services>—
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NICT generates Japan Standard Time (JST) from
atomic clocks and disseminates it through various
methods. Accurate time and frequency are also
provided in time stamping and frequency calibra-
tion services. JST is compared with Coordinated
Universal Time (UTC) through satellite-based |
high-precision time-frequency comparison. The g,&ﬁ:-l-

comparison also contributes to the generation Ryl
and calibration of international atomic time. "

EFEE%SS (BIPM)

Bureau international des poids et mesures

ERRFERDER

International Atomic Time (TAI)

ERRFEOERPSEREICHE
GRFEHT—2

Clock data for the generation and
calibration of TAI

ERIcHIT BRG] - BIREENSS

Various time and frequency services

BERULBRAT VT
Satellite communication antennas for
time and frequency transfer

R NTPZ—4'—
Broadcasting Network time
stations protocol user
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Digital Optics Laboratory Director Ol Ryutaro Okinawa Electromagnetic Technology Center Director NADAI Akitsugu

t"/ﬁ—d)#ﬂ&% Outline of the Center >
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The Digital Optics Laboratory carries out research and development aimed at the production of diffractive optical ele-
ments using digital hologram printing and the establishment of precision optical measurement techniques for the real

world using holograms, the results of which are applied to industry. FR6FEITIETI—ART L AL —R - FA2—REV AT LRUZEBBERFEHIRBINE LT, £lc. KEKERERIHE
~ HRCEHBHRAZITOTCVET,
B LN - 3 — B/ T . . . .
E %7&7'5‘“4:67-'_\ H 777'””'517“&%% Holographic Microscopy with Natural L'ghtj ) The Okinawa Electromagnetic Technology Center has been researching and developing three types of radio sensors to measure
ocean currents, overhead winds, and rainfall to elucidate the mechanisms of atmosphere-ocean interaction, which is intensely
NICTCIETIRIVARAY S A KD BRFRE RO R NICT has been conducting research and development of digital involved in global climate change, including global warming.
FoTWET, ROYS AT — 4| BT EROBIE(L D, 8gx  Nologram-based optical measurement technology. This tech- In 2014, a phased array radar/lidar fusion system and spatial optical communication facility were installed.

nology is improved and applied to microscopy by optimizing

DES/N{LE/ A ZIETV. BHEBENDISCBEEESDSTVNET, the amount of computation related to hologram data and by
improving the S/N and noise reduction in imaging systems.
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We also conduct ionospheric observations at the Ogimi Radio Observation Facility.
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The Okinawa Electromagnetic Technology Center was established as the Okinawa Radio Observatory of the Radio Research

10um Institute of the Ministry of Posts and Telecommunications (now the National Institute of Information and Communications
= Technology), and it took over NOAA's ionospheric observation facility in Chatan Town when Okinawa Prefecture returned to

BAGRICELZ RO S LEHBROAER

MROROY S LREOH Japan in May 1972. Since then, the Institute has been researching and developing HF ocean radar, wind profiler, rain radar, etc.,
Natural light holographic microscope optics Bxample of holographic imaging of a cell to effectively utilize radio resources and develop global environmental measurement technology, including ionospheric observa-
tion.
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ROYZL71)>21EHOE (Holographic Optical Element) &MEEN The hologram printer is developed by NICT to print holo-
graphic optical elements (HOEs). Elements with complex

PHFRFETIVITBIDDT IV ZTNICTHRELILHDT optical properties are calculated and recorded on the basis
T, MM A S DOEFE NN FICE DOV TEHE -2 of wave optics. Our goal is to establish stable manufactur-

ing and compensation technologies for diffractive optical

I, MBI REN R EFEFRF D RER i - MER ORI elements. The printed optical elements will have various
EEIELET, SUV ML ETFIL Beyond 5GEREL Z BB applications, including highly efficient and inexpensive

. N N o . . R optical communication modules that support the Beyond
L -REEABEREY 21— IV ZRTEEANY KTV T T4 AT 5G era, three-dimensional in-vehicle head-up displays, and
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Optical communication applications
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Digital design of optical elements Wavefront printer - :
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Fabrication of Holographic Optical Elements by Wavefront Printer
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Research Results in FY2022
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Sites and Locations

2’:"-&5 Headquarters
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Radio Research Institute
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Open Area Test Site
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Kokubunji Radio Observatory
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Sarobetsu Radio Observation Facility

FOKYO
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KAGOSHIMA
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Ohtakadoya-yama LF Station
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Hagane-yama LF Station
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Yamagawa Radio Observation Facility
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National Institute of Information and

Communications Technology
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Okinawa Electromagnetic Technology Center
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RERERE AR
Ogimi Radio Observation Facility
(Hhf8IR ERESAERRAY)
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4-2-1 Nukui-Kitamachi,Koganei, Tokyo 184-8795, Japan
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