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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

CIBHIEME RS s Director General NAKAGAWA Katsuhiro

The Radio Research Institute will promote research and
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 " -
basic research for mastering the use of electromagnetic "::;;;;-
waves and basic research for collecting, analyzing, and i ekl

visualizing diverse information surrounding our living |
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environment using electromagnetic waves. While 3 -
leveraging the advanced R&D and technological .
capabilities we have cultivated over the years, we must 5 et SN i

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.

X Japanese version only

https://rri.nict.go.jp/_assets/pdf/RRI_VisionMission.pdf
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Radio Research Institute

https://rri.nict.go.jp/ |
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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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Management Operations Group RN ESHEEZITONE T,

EEYIV—T (hd) We conduct integrated administrative work for
Okinawa Management Operations Group |  the entire institute and practical public relations
activities, provide support for various event
activities, and carry out overall coordination.
Management groups are assigned to promote
efficient operations at Koganei, Okinawa and radio
observation facilities.
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Radio Propagation Research Center
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Director General : NAKAGAWA Katsuhiro

VE—MEVIVTHRER
Remote Sensing Laboratory
[ https://www2.nict.go.jp/res/ \

FHIREMRE
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

BHIRIBHIRE
Electromagnetic Compatibility Laboratory
[ https:/emc.nict.go.jp \

BEGETIV—T
Calibration Service Group
=+ o' 4
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Space-Time Standards Laboratory
| https://www.nict.go.jp/sts/ \
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Japan Standard Time Service Group

MERMOREBLPRAHTDOERMRFICARIR G, BHIRICEITHEED
BREOBRICEM I HEHZTo>CVEY, EHIRIEMRETIE. KRLGHE
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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.
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Applied Electromagnetic Research Center

MELV2—R (EHER - B BL
Director General : NAKAGAWA Katsuhiro

TIORIVHFEBHERE
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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Director KAWAMURA Seiji

Remote Sensing Laboratory
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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
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broadcasting waves Phased Array Weather Radar
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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-
rological disasters.
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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 N - N . . ——
to wind and water vapor measurements. The techniques developed WRUMEBOE—RRHL —— KEQEFRIRZ A Z—
will be used to improve weather forecasting. 2 pm single frequency laser Water vapor differential absorption lidar

/4= S S > .
Rk S A PEt Ll Satellite-borne Radar h :
j TRMM PR precipRateNearSurface(1997/12-2015/03) GPMCore DPR precipRateNearSurface(2014/03-2023/10)
; et S T

T a—/\JViEERIRIBEM B OIRICEI TS 2HITJAXAL
BHLTHRAKPEEZHMICHATELHERHL — 42—
(TRMM /B —4 —. GPM /iR F&K L — 4 — EarthCARE/
ETOT77AM) T L — ) ERRELTER L

We have been developing satellite-borne radars that can measure the T —. [mm/30days] — [mm/30days]

global distributions of precipitation and clouds in cooperation with . A
JAXA. The data obtained from those radars are important for devis- TRMME 2L — 5 — (&)L

pre Zal \S _
ing solutions to global environmental problems. Precipitation radars ?G%PBM*ﬁ;EQI/BR U?Béﬂ((Ei)ﬁg#? Ea:rtthAREL:.{Z:
for TRMM and GPM satellites have already been launched, and they Precipitation maps observed by > %%:RJ@{)‘—V
provide long-term global precipitation information. A cloud profiling TRMM's (left) and GPM's (right) L'L“:etr'j;g’gnogy
radar for the EarthCARE satellite is now being constructed. radars EarthCARE

“ Space Environment Laboratory
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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 . RG T ELKFHRATHRERIET S  We are monitoring space weather events and

— g _ <~ ——,_ delivering forecasts 24 hours a day and seven
EEDBIT KREGIRR P FISHIERDPHR A TSI days a week . When solar, geomagnetic, and iono-
KELGEEHNLEAAREUEDLNDAIREHEELTERIC spheric events occur and are expected to mark-

e = edly affect the Earth and social infrastructure,
W& ERFIEIRERELTVET, alert information is also issued.
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We are conducting research and development of real-time
ionospheric observation technology, atmosphere-ionosphere
simulation and data assimilation technology, and radio propa-

gation visualization technology for monitoring and forecasting
jonospheric variations that affect aviation operations, satel- 47 /Yy FEEE:R GNSS2EFEEA

lonospheric Observation and Forecasting Technology
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Atmosphere-ionosphere simulation and data assimilation

o [am— - r—
SHEIN00 80 160,200 320 400

=5

BEREHZaL
Radio propagation s
TR

o S =
‘ﬁ 128 132 136 140 144 148 152 L ::

lite positioning, and radio propagation. lonosonde observation GNSS-TEC observation = ey 2
HEO"QI(L:;;("E) 142 a0
’= : : p= . . .
ﬁﬁ;\,ﬁﬁ, ,,EJJ C ?’/,EIJ ?ﬁﬂi} Magnetospheric Observation and Forecasting Technology )—

8= HEERST TS )7 o —OSFHIT
K- ARBELBHEE D% CHSEOEREREL, i P AT SIS g prededoRty shatin

BEERCERETRAICET 2o, # ERUSERIS
FHRET —2N—XOBRRAELEIC BEHET TR
ETIVPHSEET IV OWRERREICERIEATNET,
Toward understanding of magnetospheric processes and

contributing to satellite operations and ionosphere forecast,
we operate ground-based geomagnetic field observation and

Dawanward -

Earth Radius
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space environment databases for the Japanese meridian, and * ’ "
conduct research and development of radiation belt prediétion HMARI SERA IETA WENED
and magnetosphere simulation technologies. UEDHYSEDAT—2E1—7 v

Himawari SEDA data viewer
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To realize early warning, nowcasting, and forecasting of

space environment disturbances, we are performing . T
research and development, including the observation of Az i([%}ﬂ,%ﬁ,ﬁlj/lZTA
solar storms for the early detection of their occurrence, S‘Z)'ar and solar wind
and a simulation system to predict impacts of solar storms. observation system

Solar and Solar Wind Observation and Forecasting Technology )—
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Solar wind and solar storm simulation
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ﬁig%ﬁt ‘/‘U‘F;ﬁ%*ﬁﬁﬁ' Development of Space Environment Monitoring Sensors for Spacecraft )—

REAGREE OFEDY 10 ICEBHITAFEFEELE Y (RMS) O Radiation Monitors for Space weather (RMS) is under development

as a hosted payload of the next Japanese geostationary meteoro-

BRATOCVWET, 5L T — 2R MHBEIAIL 2029 FDFTE T, logical satellite, Himawari-10, planned to be launched in 2029.
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Director GOTOH Kaoru

Electromagnetic Compatibility Laboratory

BHIRIEMAZECIE. BEELICBERSBLERBFHEDHEEERDRE L I GERVATLFDLE:
LZIOGHAZERBTHOHICREL B SBHAMIIEZRRT S H DM RREZRELE T, EIRERFBORE
BOBREZEMET 2V IV —TZRELE T,

In the Electromagnetic Compatibility Laboratory, we conduct research on EMC as well as calibration services to maintain the EM environ-
ment.

EREFRBZEHLSOERIFE RDAER Measurement Technologies for EM Disturbances }

BRETFHBIMSEEORFERRT 2ol Bl ERr Ll ,
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T A ERREICERVBEATOET,
We are researching how to accurately measure EM disturbances, under- AL

stand their generation mechanism and impact on communications, and
determine the limit of EM disturbances necessary for the effective use

of radio waves, aiming to enable the coexistence of electronic and elec- TR RSl CEL A LEDERR B SHET S A BRSO E RS

Measurement of EM noise radiated from LED lighting in anechoic and reverberation chambers

tric appliances with wireless communication.

BIE - EMCEHiEi D 7= 8 O S 45 S BHE 7 51 H5e iy

EREDSIK - TINIVYRICEDL T, Researgh on high—precision measuring techniqqes
for radio waves is conducted from low frequencies

ERZ=RBEICETAT S T:&b@?%ﬁﬁ%fﬁﬂ%b to millimeter waves and the terahertz band. The
TUOWEIT AERRIIBIETS —EXITSTERT results are used in our calibration service.

NTUWET, TR VRIS

Transmission system for broadband pulse waves

A{ZISL_&"'J'?‘%EE' &‘i( Eﬁg%!li{ﬁj:ﬁﬂ;i EM Wave Exposure Assessment Technology for Human Bodies Jﬁ

BREEHICEDGEEN DREGERNARREERITZD
BRICEINAFDIE CEFHIR:AM. SOICHEFTERSFHSDE &b‘l%
EIRHISEE LTV B Tl I BRI ICB I AR ZTO TV E,

To establish an appropriate environment for sound radio wave usage in compli-
ance with RF protection guidelines, we are conducting research on technologies

for evaluating human exposure to radio waves and technologies for evaluating EBAFET IV (BAB Lz 3R /) VR) LB < B a TG

whether radio waves from mobile phones comply with the guidelines. Computational human models and example of numerical dosimetry results

RREBTOERIEKELNIVERSHICT B0 BERIZKE
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BEHET2LLBIC T —RDERICDOVTERESLTVET,

Research on radio wave exposure level monitoring methods is conducted

to clarify radio wave exposure levels in real environments. We are also
accumulating measurement results and investigating how the data can

BRLANVAEEREDAERRSERG GR)

be utilized. ) )
Vehicle for EMF measurement and example of results of measurements in Tokyo

S ESRZFORIEY—EX Calibration Service of Measuring Instruments for Radio Equipment )ﬁ

EREICE D e E R I PN OB SGRE ST X ERITERDEIE We provide calibration services based on the Radio Act (for mea-
suring instruments for the designated calibration agencies and

ZISLo GHEEICED CARBIRERORIE (jCSS)‘%%ﬁﬁHW registered inspectors), the Measurement Act (jcss for the

EREEOREFEICE D RIE (ASNITE) HEARELTVE T, Frequency Standard), the Accreditation System of the National
Institute of Technology and Evaluation (ASNITE), and others.

#%%%bﬂ%@* EEOMODS - 2 FLITHL ERECEDVTAERICRTINED,
& ERN GBS 529 TDss - X7 8BIE NICTORZERDEICEDRRE—HLTWS

L\b‘bOD BRI G A% 21T (CHERE T DRE D RN DI NZEAELGGHET 5L,

Director IDO Tetsuya

Space-Tlme Standards Laboratory

R ZEAREA R E Tl SR E R RL P AR UM ERE IR T 2R DMERRZITVE T, e BARER
7 IV—=T7%EEL. BRRERRER (BREBIREEDR /"'E IREERDFHST - IRHERFORMR) ZXRELE T,

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

ERIFEDOERRE (G RiTimsTAXOMAZEIELT

Infrastructure of the national standards/Exploration of the most advanced measurement technology

ERELE 5&&*%%%&(%?H§§+) A4y 5200l Technology for Atomic Frequency Standards )—
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BERSEMNE I ERRFETONBEMEOREILTOET,

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

. . . Y 3 iy S~ kS, —FAlL RS,
defined. Precision technologies to control atoms as well as to measure Cs—REAREITHE R |n+o’ft7_-"{|l“7k/b7°7'§ﬁu+
i i i Cesium primary frequenc ptical clock based on
frequencies enable the development of highly accurate atomic clocks. In Pstand;’rd quency trapped indium fons

addition, we study the application of optical clocks, including geodetic
sensors for precise height determination.

Beyond5GH L<IZ6GE S DON AR MAEIPEEEMICH VT K BEELRZIRHA P LY ERS

EREHRHEN. Z D L THEREEBLEECHRBLAEL UM HEII TSI ENRFFENT
WE Y, INSHFRIMDEREZ KRBT EMREOHFE L CEMARAGRLIEIRBIRER M Z 5
BEE 1) EBEBOMELRECHEELRLRIPAIE R L 21T 5L HERN A Mk L
By (Wi-Wi) | 2) RFBSET 72/ VB L T SRR ER ICHEETBEE I 2 R FRSET T v THAfT (CLIFS)
N EBDRFHAZEHEDETCIVRELRRRZLENT 5V FAZKREMN FOMERFEE BIRFEE

— Chip-level integrated frequency standard
ToTVET,

The next-generation wireless communication technology, called Beyond5G or 6G, requires more precise time
synchronization and more accurate frequencies, 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 mounted on various devices, and 3) cluster timescale tech-
nology, which generates a more stable timescale by combining multiple atomic clocks.

TA74(Wi-Wi) EVa—Ib
Wi-Wi modules

E ZK*%%H%%{’E D*Um jéﬁﬂﬁ' Japan Standard Time (JST) and Application Services D—
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DB LBV SN BRI LR T — 23 ERR Clock data for the generation and
FROERPREICEHEMLTVET,
NICT generates Japan Standard Time (JST) from ERICH TR L1505 B R EREME

atomic clocks and disseminates it through various Various time and frequency services

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—prgcisioT time—Ir(_ek;qutenqt/ ci)rr?parison.t'ljhe » BTI ) dﬁ% NTka_ys_ B =

comparison also contributes to the generation adio-controlle Broadcasting Network time & 2
and calibration of international atomic time. watches/clocks stations ~ protocol user . EZK*mEB%@EGenerat\on Of_%
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Okinawa Electromagnetic Technology Center Director NADAI Akitsugu
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Digital Optics Laboratory Director Ol Ryutaro
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The Digitz.al Optics Laboratory carries out research and developmehtlaimed .at the production of diffractive optical elements u§ing ho.lo.ga- BB BE AT TWET, 2014EICIE T I— LR T LA L— 4 — S A—Bh Y 2T AR U R LB EREA S BT hE L,

ram printing technology (HOPTEC) and the establishment of precision optical measurement techniques for the real world using a digital

holography method, the results of which are applied to industry. The Okinawa Electromagnetic Technology Center has been researching and developing remote sensing technology for measuring ocean currents, winds,
and rainfall, with the aim of contributing to the elucidation of the mechanisms of the atmosphere-ocean interaction, which is greatly involved in global

BALTIEICKBR A5 T8 EE Holographic Microscopy with Natural Light

) climate change, including global warming. We are also conducting ionospheric observations at the Ogimi Radio Observation Facility. In 2014, a phased
array radar/Doppler lidar fusion system and spatial optical communication facility were installed.

NICTCIETIR)IVAROT S AL AR E A ER MO R A NICT has been conducting research and development of digital

hologram-based optical measurement technology. This tech-

T2 TVET AAY S LT — 2T 2 BEEDEEPERER nology is improved and applied to microscopy by.optimizing i \
DES/NILE/ A b ETW BHESEADISCEEED TWVET, the amount of computation related to hologram data and by ﬁﬂ‘lt/a 0)5 @& History of the Technology Center /

ST S OMER LD AR DRI > T N E R A KOS S L& improvilng the S/N and nqise Ir.eduction in imaging. systems.
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recorded as an incoherent hologram. 5| EM ST CL B A BRI GREIIARRFE AN G RBEMIHE) HEEREAFTE UCHRLE Lfc LI B2 —Tldi#
FLCBHBRAZEELTVE I MAT 1990FEALSBERERDEMNERRUHIRRIFEARMOMEZBNELIB¥EL —
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@ the position where the enlarged
image of the sample is formed,
@@’ optical devices that generate a
hologram of natural light, and
® a liquid crystal device for phase

The Okinawa Electromagnetic Technology Center was established as the Okinawa Radio Observatory of the Radio Research Laboratory of the Ministry
a of Posts and Telecommunications (currently NICT) following the reversion of Okinawa to Japanese sovereignty in May 1972, taking over the facilities in
1 Chatan-cho where the National Oceanic and Atmospheric Administration (NOAA) had been conducting ionospheric observations. Since then, the Technol-

modulation. ogy Center has continued to conduct ionospheric observations. In addition, since the 1990s, the Technology Center had conducted the research and
development of ocean radars, wind profilers, and rain radars to effectively utilize radio resources and develop global environmental measurement tech-
10um nologies.
" : =
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Natural light holographic microscope optics Example of holographic imaging of a cell
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i m b N AV D G N b T NTAV A 5L 13l Hologram Printer (HOPTEC) R

ROYZLT71)2IEHOE (Holographic Optical Element) &BE(EHL  The hologram printer is developed by NICT to print holo-
graphic optical elements (HOEs). Elements with complex

BHERFETIVLTBIDDT IV ZTNICTHRELILLDT optical properties are calculated and recorded on the basis
T M AN F A ODEFEFENFICE DV TEE - 2HL of wave optics. Our goal is to establish stable manufactur-

ing and compensation technologies for diffractive optical

T ATcBIRREN G EIEF R TFOSUERMT - MERMT ORI elements. The printed optical elements will have various
EEIELET, T ML EF L Beyond 5GERE L X BE% app_lications, inlclud_ing highly efficient and inexpensive

. Ny - — R — N optical communication modules that support the Beyond
R-REGAEEBEI2— IV ZRTEHEANY KTV I T AT 5G era, three-dimensional in-vehicle head-up displays, and

A REARARV R T Lz LoD AR A TE D BENICAZ(RELE T, next-generation AR systems.
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o o +004-0411 Technology Center : Parabolic antenna of RF ground stations :
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AR display applications
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Observation Facility — : optical ground station
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Digital design of optical elements Wavefront printer Printed HOE | T vl
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