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What is the R & D  Vision?

lii

The RiliiD vision is a document which presents the princip、es on Research lEii Development

(RiliLD), technolog icalchallenges, and roadmaps of the technolog ies required to realize our

future defense capability forthe purpose of strateg ically conducting advanced REiiD from the

viewpoint of the mid -to-long term.

The Ministry of Defense (MOD)has formulated R &D visionconceming FutureFighterAircraft
in2010, and R,& Dvision of FutureUnmanned Veh icles in2016based on StrategyonDef、ense
Production and 一「technoLogicatBases and Deftense「lechnoLogy Str(:rtegy・. According to the direc-

tion shown in Nationclt,Def(enseProgram G uidelines f、or FY2079and beyond (approved by the

NationalSecurity Counciland Cabinet on December18,2018), the MOD has formulated the

new R&D vision. They areleading to encouragement to acquisition and enhancement of the

capabilities required for cross-domain operations such as "Electromagnetic spectrum (EMS)

technolog ies",''TechnoIog ies for Persistent ISR induding Space", and"Cyber defense tech -
nolog ies" as wellasleading to that in traditionaldomains such as "Underwaterwarfare tech -
nolog ies" and"Stand-off defense technolog ies" in order to contribute to realization of

Multi -domain Defense Force and to realize technolog icalinnovation required for further

enhancement of future defense capability.

According to the R&D vision, the MOD willhereafter strateg ically foster technolog ies that

become necessary in the future and conduct R&D effectively and efficiently.

Remarks:A decision-making whetherto initialize a development for a deployment or not is comprehensively done by the
perspective of defense program on various then-conditions including progresses of researches conducted depicted on
the R&Dvision, alatest nationalsecurity environment, an availability of procuring a foreign weapon system, etc.



lntroduction

1. Due to advances in military technolog ies, a variety of threats can now easily penetrate

nationalborders. States endeavorto develop weapons thatleverage cutting-edge, potentially

game-chang ing technolog ies. They aIso engage in research of autonomous unmanned

weapon systems equipped with artificialintelligence (Al). Further technolog icalinnovations

hereafter are expected to make it difficult stillto foresee future warfare.

As forAltechnolog ies andにT,large-scale investments and utilization are being made con -

tinuously in the private sector, and at the same time, research of various innovative technolo -
g ies such as quantum computer, etc. is also being done.

2.According to NationalDefense Program Guidelines for FY2019and beyond published on Dec.

2018,M0l:)/SDF willmake focused investments throug h selection and concentration in tech -
nolog ies related to new operationaldomains such as space, cyber and EMS and cutting-edge

technolog ies induding AI and other potentialtechnolog ies for game-chang ing . Moreover,,

M 0[ )1/SDF willalso drastically shorten REi是D periods of time by streamlining their processes
and procedures.

3. ln conducting specific R&D, it is important to coordinate technolog icalseeds and operational

needs considering politicaldirection, throug h sharing of operationaldemands such as neces-

sary capabilities for future warfare, orfuture operationalconcepts planned by each SDF, etc.

lt is also required to acquire cutting -edge technolog ies more promptly toward realization of

truly practicaldefense capability, i.e. multi-domain defense force, and beyond .

4.Considering the above background g iven severe fiscalsituation and allocating resources to

important R&D flexibly and intensively without adhering to existing budget and human

resource allocation to strengthen defense capability effectively, M 0 l:)/SDF determined to

formulate the new R&D Vision regarding technolog ies which willbe potentially significant for

futurejoint operation,leading to acquisition and enhancement of the capabilities required for

cross-domain operations such as ''Electromagnetic spectrum (EMS)domain","PersistentlSR

capability overwide area induding space" and "Cyber defense capability", as wellasleading

to improvement of the capabilities in traditionaldomains such as "Underwater warfare tech -
nolog ies" and"Stand-off defense capability '' in order to strateg icaIly show our direction of

mid -to-long -term R&D effort.
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The selP
●

lCn
●

lrP of R8LD

1 Harmonization among technologica l seeds and
operationa l needs considering politica l direction

To imp lement future game -chang ings with innovative technolog ies, R&D shallbe conducted parallelto continuous
discussion where technolog ical, political, and operational parts act in unison because of considering future political
evaluation and operationalconcepts forthose technolog ies, taking various reasonable requests (including political
concerns,legally and/or budget constraints)into account.
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Unified study among technolog ical,,

pol面caI and operational entities (notional image)

PoliticaI directions

Efficient R8lD utilizing
advanced technologies

To acquire an innovative weapon system w i t h l i mited
technolog icalrecourse, it is important to overlook the
who le  system and to specify a l l o f  each e lement
technology consisting of the system before nurturing and
acquiring them.

As an essentialelement technology to be a future
potential game -changer rapidly grows especially in the
commercialsector due to progress of borderlessness and
dualuse, it is also vitalto actively utilize an advanced
commercialtechnology applicable for defense use.

According ly, necessary technolog ies should be acquired
not only by independent ATLA's research but byvarious
means or its combination. (e.g . collaboration with other
ministries or agencies, cooperative research with domestic
or international partner, utilization of thelatest commercial
technolog ies, etc.)
At the same time, to reinforce the basis of the defense

technology, improvement in t h e l e v e l o f  national
comprehensive science and technology in the mid -to - long
term should be continuously challenged, for examp le
trying to discover and develop emerg ing technolog ies with
ATLA's funding system named " thelnnovative Science and
Technology lnitiative for Security".

Efficient R8,eD by combined various
advanced technologies(notional image)

R&D considering Technology to be acquired
collaboration with by incorporating the latest

other agencies commercial technology
A system depends on element technologies with various maturity and its

totalperformance is constrained bythelowest immature technology.

This characteristic is often compared to the illustration of the unbalanced
barrel(called"Liebig 's barrel"model)



3 Streamlining the  process o f  R & D

Based on the fundamentalconcept on NDPG for FY2019and beyond, to strengthen defense capabilities at speeds
that are drastically different from the past, streamlining the process of R8LD, such as block app roach and
modularizat ion , and demonstrating the outcome of R&D in the earlier stage should be positivel y
conducted .Additionally, M O D  willimprove cost-effectiveness of R&D investment throug h strengthening cost
management and reduction throughout thelifecycle from the R&D stage.

Offerings the idea for the acceleration of the process of R&D would be expected with sharing and spreading the R&D

Vision to the private industries, accompanying by encourag ing the industries to have spontaneous discussion and
prior investment regarding cutting - edge technolog ies required by MOD/SDF toward realization of future
game-changing.
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Electromagnetic Spectrum (EMS) Techn

The EMS domain is an important domain reIated to wide- rang ing defense activities such as lSR, information sharing,

precise guidance, etc. Among foreign countries improving their EW capabilities, therefore, is it necessary to endeavor
to achieve effective and efficient use of EMS

■_l'iii!l 'll!ll'liii_ _ liii!-
l

● Evasion from a missile, etc. is a ma11or applにation ● Realization of missile defense by high-power energy
● Large-sizejamming platform isthe mainstream ● Dive rgenceofjamming platform
● Jamming capability needs to progress against improve- ● Jamming capabilityexceeding advanced EP oftarget

ment oftarget electronic device's EP capability electronic device口● Possib i l i ty of long-range detection by various enemy ● Evasion fromlong range detection by various enemy EMS
EMsensors sensors

● Possibilityof disruption to radar and communication by ● Avoidance or alleviation from effects of advanced jamming
advanced jamming capability ● Protection from effects of EMP

● Possibility of damage by EMP ammunition, etcl ● Progress of LPl/LPD technology ● Enhancement of the capab-o detect LPl/LPD radio wave
● Large-size S IG I NT platform is the mainstream ● Divergence of S IG I NT platform

l ● Necessityof EMS situationalawareness forefficient use ● Centralized EMS situationalawareness
of EMS ● Flexible EMSallocation

● Non-flexible EMS allocation

lt is necessary to acquire the technology to realize cost-effective countermeasure by advanced EW weapon systems
exceeding foreign countries' EW capability, while realizing efficient EMS usage through EMS management

● l

lt is necessary to acquire such technolog ies as hig h-power directionalenergy technology,LPl/LPD technology,

advanced S IG I NT technology, EMS domain awareness technology, etc. to soIve issues

I_ -l ● High-power d i rected energy technology (HEL and HPM)to be able to neutralize a va riety '

of objects such as drones, various missiles, etc a
● Jamming (communication, radar, and E0/lR)technologywh ich correspondstovarious '- . g _

platforms and realizes optimaリamming againsttargets including network, according to 口I ・ 口

various communication environment and target's EP capability HEL

」、

● LPl/LPD technology corresponding to the EMS situation 1_:::;:;- ',、、
● Anti-jamming technology avoiding oralleviating influence ofjamming ◆‘/ 、、l◆

LPl/LPD
● Protectiontechnologyagainst EMPeffects f ' ', . ,-- l・ .

二:, /- l l 1

● Broadband and high-resolution reception technology enabling reception and collection of LPl/LPD signaland weak
electromagnetic wave underthe presence ofjamming

● Smallandlightweight EL I NTtechnology mountable on unmanned platform

富'

● EMSdomainawarenesstechnologyenablingcentralized graspofEMSsituationinthespace 田出

and allocation status necessaryforefficient EMS management 西 ●国 国

'::j1omc:lt1器n;;lと高C業:;r常;j種「jltji;tjo:f j:1:*eeffiCient uSe °f EMS by fleXible 日a
EMSdomainawareness



olog ies - Towards EMS Superiority

lTechnolog ical Roadmap

・ ll

*These are just for illustrative purpose of possible future weapon systems,
not any determined development plan.

l n the shorter-term viewpoint, the core technologies in the EMS domain such as a ground defense system (including
HEL and HPM) against drones and other new threats,EMP ammunition, etc. should be established. Afterward,it is to
realize diversity of mountable platforms and improvement of their power as wellas other generalEW capabilities and
EMS management capabilityto support them._ technolo

ll・ _ ical demonstration - ,
「b ' Counter-drones Missiledefense

l --l 0
t J EMP -HPMlauncher ammunition Missiledefense -→一

1 4、

._I:];i-
■_

'__- Lu多 DL

t 基、plication

lammin9 protocol 1ammlng9 m一r 一一一 J-一… ' d-■_ -_ l-.Controlof RF reflection ? ?? -,,. . , alntelliaentwirelesscom l◆__ le n,h

l_ 2 f f 't・・.使 f一一' 、
EMP P「oteCtO 「  fO 「  /';/ / j4 、・j ' . 「

ll. variouselectronics . j●1taj ,. ?
._m一,an - uf ・◆_■.l.I !

. ・・-・' 、

m xL LPl SIG INT bv UAVs

High speed, wicle b a n d & h igh resoIution digitaI signaI processing,etc
/,,口一' - ・ 一 '- ' - ・ 一 - f_

0

' - '--- '-- ' - '--- '-- ' -'l二一i- ' ◆ 'j ' '- ' - ' →__ . f -?・l t v isua'iza'ioj降'M' /

,a
ll. ・ 一 ? ? Dynamlcfrecluencyallocatlon

一■ '

1l1 1'●.,f lf mi w

m 3 '_ -■fe m ':1 i T::1i i_-_
Acquisition by R&lD led by ATLA. etc. - , - , - , - lntegration of latest commerciaI technologies

* *The endpoints of arrows are tentative. l n  the view of the concept of streamLining R&D, we wi ll endeavor to obtain the technoLogies earLier.

Superiority in EMS domain should be achieved that affects the defense activity in any domains with core technolog ies:
directed energy,stealth, S IG I NT, optimization of frequency allocation and others
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Technolog ies for Persistent ISR i ndud

Considering surrounding countries' activities and expansion of ISR targets and domains, the issue is to realize efficient
and effectivelSR based on improvement of sensors' detecting capability and increase of sensor p latforms.

H
.l「j'

n

li
語
a
富

lf
国
◆

'二l

1i,a
部 a
l- 0

- li !!1「!!!量_ _ !!!!-
● Expansion of ISR domain and area exceeding current ● Enhance persistentlSR capability in various domains

sensor detection capability such as space, over-the-horizon, etc.

● lt is necessary to increaselSR platforms considering ● Acquire sensor's high-accuracy and hlgh-speed
manpower reduction and increase of ISR domains and discrimination capability against various targets
targets. ● Realize distributed detection system using multiple

● lt is necessary to detectthetargets with improved platforms and sensors with high protection against

LPl/LPDperformance. jamming

● Active search may cause preemptive detection and ● lmprove passive detection capability forvarious targets
attack by enemy. in situations withlimited active search opportunities

● Possibility of difficulty in conduct of I SR due to ● Acquire persistentlSR capability underthreat by using
improvement of a foreign country's A2/AD capability UAV, etc.

● lt is necessary to increaselSR platforms considering
manpower reduction and increase of ISR domains
and targets.

● Sensorlntegration to utilize unmanned platforms
such as UAV, satellite, etc. aslSR platforms

A2/AD:Anti Access/Area Denial,

lt is necessary to acquire the technolog ies to realize persistentlSR of various domains, areas, and targets by using
passive distributed detection, increasing ISR platforms,improving the mountability of the sensors, and upgrading
sensor 's functionality and performance.

●I● ●

lt is necessary to acquire RF sensor technology and E0/lR sensor technology to realize high-functionality and high -
performance, distributed detection with many sensors, and improvement of sensors' mountability.

As it is difficult for ATLA alone to acquire various technolog ies, especially related to space, the MOD acquires these in
collaboration with reIevant agencies such as JAXA, reIevant countries such as the U.S., and also through active use of
commercialtechnolog ies. The MOD also promotes technology cooperation with relevant agencies such as JAXA for
mission assurance in the space domain to assure resiliency of access.

★ SAR uti i izes the flight path ofthe platform andlSAR utilizes the motion of the target to form alargevirtualaperture and generate high resolution images
★ ★  GE0-based km-scale power transmission antenna technology to be used by the Space Solar Power System(SSPS).

★ ★ ★ Multi-static radar:Radarwhich utilizes spatially diverse transmitter(s)and receiver(s).
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ln the shorter-term vlewpointf the core technolog ies, for wide area 「SR such as MIM0、 raaar and ,dta I-ba lnd , lR' 's言nsor
shouldbe estabIfshed.Afterwa rds advanced distributed detectfon wiIlbe re、aIizedby expandi1rig jurveiIlance a reas a 1nd
d iversifyingpIatforms, ,throughimproved sensor technoIog ies and mounta bf Iity. ' , , , , , , , , 、'----,
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IdOfVil 的ll1, automa tiedelteetio_ l _ l _ l _ l _

一i i;;il sa,em,e_,

-Aeq1u1isi1llion by llt&01ed byA? eltc - , ,- ,-・, - lnteat at lio、n of 11atest lEol,nmeft1iaI teahnoIoaies

?*・一he endpoirTts of arrows afe ,ten lt lat ive.ln the view o'f the conoeplt of 5treamllriirng R&D 、New lll endeavof tt) obltla irl lthe?chnoltogies earllef.

民ea liz1ation of effective persistent ISR for various targets across wide areas and multipIe domain,s by utiliz1lng combina-
tions of multiple p latforms induding UAVs and sateliites
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Cyber Defense -Compatibility between preventive mea

The stable use of cyber space is also absolutely imperative for the MOD/SDF. lt is necessary to advance research of the
Iatest technology centered around operation continuity measures of the system supporting the MOD/SDF activities,

with strengthening close collaboration with relevant ministries and agencies.

H
-l!' , 1rll l:

l--1!!!'-
● lf stable use of cyber domain is disrupted,it

may pose serious impact on the nation and the
people.

● Fundamentalenhancement of cyber defense
capability is required .

● Respond to sophisticated and complicated cyberattack
● Need to strengthen close collaboration with relevant Ministries

and Agencies
● Acquire the capability to hinder use of cyber space by the

opponent party to be used for attacks on our country in emer-
gencies

● Efficient operation using common and automation technology

● Separated networks consisting of open and
closed systems

● Uti lize commercialtechnologies such as firewall
and virus detection software, etc. to prevent
cyberattack damage

● Research of cyber exercise environment
construction technology has been carried out
from FY2013.

● 0ptimization of cyber defense measure according to characteris-
tics of closed network system(1. Fixed system;2. Mobile system;
3. Built-in system)

● Pursue compatibility between "Preventive measures" and
" 0peration continuity measures″because MOD/SDF's system
cannot be stopped for along time due to the characteristics of
the system

● Prepare practicaltraining environment

"Capabiiity-to-
Disrupt'' related

Technologies

●
ー、
.i

Preventive measures
SuppLy Chainlntegrlty VuLnerablLity lnspection

Anti -Tamper Cyber Counter Measure TechnoLogy for P Latform
BuiLt- in Systems FirewaLLAnti -maLware

Manual Operatfon Continuity Measure Automatic Operatfon Co lntinuity Measure
Cyber  Range  Construct ion Cyber resi i ience technology

System s l mulation Cyberattack Simulation

Cyber Countermeasure Measure CyberCountermeasure EvaIuation

Cyber RangeControllnformat1on Co1lection Cyber Range Recovery

Resil iency of Control

lnformation managementfor system infrastructure and network infrastructure

lnfrastructure controlling for system infrastructure and network infrastructure

As for the technolog ies common to commercialsector among preventive measures, necessary technolog ies will
be acquired by active use of advanced commercialtechnolog ies.0n the other hand, as for the technolog ies
difficult to procure from the market, such as equipped system cyberattack coping technology, vulnerability inves-
tigative technology, and operation continuity technology, we willstrateg ically acquire those through our R&D
because these are the MOD/SDF 's specific requirements.



sures and operation continuity measures

l n the shorter-term viewpoint, maintenance of a practicaI cyberspace training environment and reinforcement of cyber-
security measures should be carried out. ltwillbe corresponded with increasing threats and rep lacing systems in order
to achieve compatibility between preventive measures and operation continuity measures as wellas researches that
contribute "capability-to-disrupt" reIated technology willbe promoted at the same time.

■ ----
●ll・→a Mob l l eCyber

Meintenance of ReaIistic Cyber
Range 取erciseEnvironment選 建益j口

口Cybe l R,asi1l 1e rにe
C〇 llt「 〇1 0 af lC t

..,

om‘ Acquisition of automatic

Mob11e cvber Res111ence 「eCOVe「yteChnOIO9y
Contro1 0evlce

一 一

.'1 iliol.fA lf , ◆1 i1ljii:i --
ll ■

1i
'
u 'ii _l.. 1、i,

Enhance and reinforce preventive measure by
integration of cooperative research results and
up-to-date commercial technologies.

.:' ,l il.'l・ nI i a

ii

--l l

l l -n ii i '1' ni i l 1 l ■ i llll .- , - , ,→_:1ll.e 出_ ◆ -●●F,l-・liiii】m .V●a■』日a f l-o l--「 i i ll.l t i

Acquisition by R&lD led by ATLA,etc.

* *The endpoints of arrows are tentative. l n  the view of the conce

- , - , - , - lntegration of Iatest commerciaI technologies

pt of streamLining R&D, we wi ll endeavor to obtain the technoLogies earLier

Automatic recovery capability willbe acquired in parallelwith introduction of realistic cyberspace exercise environment
as operation continuity measures suitable for MOD/SDF's systems as wellas preventive measures willbe improved and
reinforced.
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Underwater Warfare(UWW)

●

- Towards the Re

lt is a basic issue to realize multi mission unmanned vehicle as wellas to realize overal i technology for unmanned and
manned vehicIe to collaborate organically as underwater defense systems in order to improve underwater defense
capability and efficiency drasticaIly.

l_i:l!l '!li●'Ii!lli_ _ l!l l'l!-l ● W ide search area increase of underwaterlSR targets ● lmprove search efficacy by way of improvement of sonar
and activation oftheiractivities performance and collaboration between unmanned and

● lt is necessary to collect vast oceanic data over a manned vehicles
wide area for underwaterlSR. ● Realize efficient collection of oceanic data in thelong time

● lt is necessary to share collected data in realtime. using many UxVs
● Realize high-speed and high-capacity long range underwa-

ter communication .にmethod for unattended deployment and supply ● Realize automatic deployment, recovery, supply, power
ofthe vehicles related to underwater defense in the charge, maneuver, etc. of unmanned vehicle, etc
ocean is necessary. ● Realize efficient command and controland support for

● ln case UUVs increase, efficient command and unmanned vehicle 's activities from ground and manned
controlfrom ground HQis necessary. vessels?● lnexpens i ve neutral izat i on method aga i nst i nexpens i ve ● Real ize i nexpens i ve neutral izat ion method aga i nst mob i le
underwatervehicles such as UUV, etc. is necessary. targets such as unmanned vehicle, etc

● Covert invasion, etc. into the area where maritime ● lmprove LPD by interfering target's sensorand reducing
dominance is not secured is high-risk. UUV signature

● lt is necessary to improve situationalawareness, ● lmprove unmanned vehicle 's autonomyand reliability
decision making and reliability of unmanned vehicle through enhancement of situationalawareness and decision
to realize completely unmannedlong endurance making to realizelong endurance completely unmanned

operation. operation

UUV:Unmanned Underwater Vehicle, UAV:Unmanned AerialVehicle

●
'l

・l

''、

l

★ Underwater includes water's edge.

lt is required that the acquisition of component technolog ies to enhancelSR, support and CM capabilities and that of
the autonomy technolog ies that is essentiaI to persistent wide -area operation by unmanned systems through integra -
tion of results of domestic R&D organizations and refIection of up-to-date technolog ies.-- l!:l l!!!':l-li '!'M---■

Detection 、
・Mult i-static sonar(mult i  source)
・Broadband

・Smal l 8 i power saving (sensor 8 t si
processor)

Wide Area ISR

・ S m a l l & h i g h  capacity energy sour

_◆l1'' - - -
Automatic docking Counter Measure

・Automatic UAVT/〇 8 t L/D ・Supercavitation ammunit ion
'Automatic launch 8 irecoveryof UxVs ・Anti-torpedo torpedo

gnal

Charge,Supply,Maneuver
・Hlgh _speed underwater powertransfer Si9natu「e ReduCtiOn
・Unmanned amphibious vehicle 'Acoustic meta - material

ce ・Active noise cancelling

Command8LControl
i〇n ・Automatic DB configuration Sensor Jamm jng

' PIannin9 SuPPO 「t ・High poweracousticjamming
' UnderWater COmmuniCatiOn relay V ia ・Acoustlc slgnal responderas decoy

satellites

Underwater Com mu nicat

・Acoustic(long range)
・〇ptical(high capacity)--'.f: :l」 -_
j SituationalAwareness(SA) m High Reliability Behavioral Decision
息 ・Automaticdetection,lD,classification 1 ・Anomalydetection ・Collaborativecontrol
二1 ・Data fusion of  heterogeneous sensor info ・Trouble shooting ・Positioning
量



a lization of Effective UWW Using Unmanned Techno!og ies

lTechnolog ical Roadmap
*These are just for i iiustrative purpose of possible future weapon systems,
not any determined development plan.

ln the shorter-term viewpoint, the underwater core technolog ies such aslong - range UUV, etc. should be established
Afterward, underwaterdefense willbe realized that utilizes unmanned vehicles by improving underwater
communication and other element technolog ies for underwaterlSR through module approach for early acquisition.

Acquisition by R8 tD led by ATLA,etc. - ,- ,- , - lntegration of latest commercial technologies

* *The endpoints of arrows are tentative. l n  the view of the concept of streamLining R&D, we wi ll endeavor to obtain the technoLog ies earLier.

Multip le UxVs such as UUV,USV,UAV, etc. autonomously coordinate each other, and conduct UWW activities such as
lSR, support, CM, etc. in designated area under monitoring from HQ, etc.

・lSR from a l rspace

Long rangecommunication relay
・Transport supplies to ships
「_ , n + o -lt、r o,+ -★

・ Fulltime monitor of UxVs activity
・High predsion ocean forecasts

Mission planning of multi as5ets
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It is necessary to acquire technoIog ies contributing to a stand -off capability out of foe 's effective zone that enables to
negate highly-threatened targets, securing personneI 's safety thanks to its high survivabiIity withlong range, hyper-
sonic velocity, etc.

■_l'ii'!!li l'li li'lii!l_ _ l!lli!-
l

● ln case of invasion to our country, it is necessary to coIlect ● lmproveabiIitiestosearchandtrackawarshipand alandingforcein
accurate information of the objects such as invasion warship widerareaandatlongerdistance
and to assess effectiveness offirin9s afterevents in a wide area ● secure communication means beyond the horizon
andat lOn9diStanCe・ . . . . ● secure alternative positioning means replacing the capability

● ltis necessaryto have commun lcat lon means to gu lde m lss l les of GPS
and so forth to over-the-hor izon area.

● Redundancyof positioning means is necessary.l ● Considering higherstealthyofworships of each country,further ● lmprove technology relevance to guidance against the object
improved technologyofguidance is necessary. being difficult to track

● Secure environmentalresistance during flight corresponding to
the progress of propulsive technologyl ● \t 、s necessary to take counter actions wh、Ie secu ring safety of ● Acqu、re propu、,sive ab ility to a / ow m i ssi le to negate atlonger

SDF personneldue to improvement of each country 's wide- distanceand shortertimefrom outsidethe opponent's defen-
area warning and surveillance capabiIlty, a s  wellas ofant1-ship sive zone(Ionger-time and higher-speed operation)
and anti-surface missile. ● Acqulre propulsive abiIity and maneuverabiIity to make opponent

● lt is necessary to secure high survivability in response to the interceptor 's response difficult(flight at high altitude and at the
improvement of the capability of each country 's interceptor. speed,and so on to have a difficulty to respond)l ● lt is necessary to acquire effective attacks against the warship
andlanding force invading to our country.

● lt is necessaryto acquire heat-resistant materials to correspond
to upgrade of missile's performance.

● Acquire the effective and efficient defense capability withless
missile against the warship with thick armor and thelanding force
Ianded and deployed

● lmprove heat resistance of airframe's capable of corresponding
performance upgrades

●

lntensively foster the following technolog ies regarding:1. fire control;2. guidance;3. proplusion;4. airframe and
warhead, to be necessary to realize a stand -off defense capability with hypersonic velocity, utilizing effectiveIy tech -
nologies of non -military area.

a
E
国

-l!!E-
(Refer to"PersistentlSR Capability over Wide Arealncluding Space" in the R&D Vision for the improve-
ment of search and track capability)

(As forthe over-the-horizon communication, relay by satellites, etc.is assumed.)
● GNSS/lNS guidance technology which improves not only accuracy of positioning for projectile with high

velocity and agility but resistant against GNSSjamming by integrating information of multiple GNSS
including quasi-zenith sate川tes withlNS

(Required functions and performance depend on allocation for satellites' and sensors' capability.)

● Guidance technoIogy ut1lizing infra - red imaging which discriminates Iow-contrast object with referring
seeker information with database

● IR seeker dome technoIogy to realize both IR imag ing and discriminating objectives which makes
securement of heat resistance for hypersonic environment

● Guidance technology with RF imaging which realizes discrimination of stealth vessel,etc. by creating
picture with Doppler information

● Scramjet engine technology forlonger operating time in hypersonicvelocity
● Advanced solid rocket motors,having its case made with carbon fiberfilament wound on propellant

forlonger range

、 _ ● Advanced warhead technology for anti-surface missile,such as alight-weight and high-effective

1' -:二 penetration warhead ora high-density EFP warhead for area suppression
j j ● Aerodynamic design of hypervelocity gliding projectile to allow its heat-resistanceand stable gliding

. -,1jt. over a various flight path from high altitude tolow altitude at the impact
1;1 i1 ● Aerodynamic controlfor stable gliding in theweakatmosphere,combined its attitude controlby

thruster withits aerodynamに controlby fin surface

★ Exempl i fying potential
important element
technologies

Stand-〇ffdefense technologies - Realization of Stand-offdefe



nsive at,tack capability out of foe's effective zone with Hypersonic Projectiles

●I●

l n the shorter-term viewpoint,the core technolog ies of an early-deployment-typed hypersonic projectile, etc. should
be established. Afterward, the technolog icaloutcomes of RliLD for warhead, guidance, and hypersonic propulsion will
be quickly reflected to the weapon system, doing stepwise improvement and earliertechnologicaldemonstration

lmprovement and ut 1 lization of communにation network and pos l tlon 1ng capab l l i ty w l th sate1lites

Acquis1 t 1on and developtnent of ISR assets for perslstent monitoring

Acqu lslt lon of Stand-off m lss lles l
l l

Develt)pment t)f subson lc to supersonlc fn is's l les(e.g future ant1-sh l p m lss lle) lE配 aaT n国af lla r n

■l a s 。.=
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; l iiii:11iiii「 ;fi-f l : - 一e lm p rovedHy p e rs o nlc C r し1 i sln g Mls sile-l◆

Hypersonic Cruising Miss11e一1
)e) RM for HVGP1lmproved type)RM for HGVP(liarly dep1oymen1-ty

l'1 o f ,:tlle fo'l-'V(二1l'(E:ll ' ly - ( l ,-, 1) loy ; l l e l l

if 1 解 表 - n 1i高 -
し _l

1ty . 、)_
Projl (_ ( 1 l le1or l lVGPl l l、・1 p 1 ・一 f c l l:/ l. ., t-:一 ★ ★Familializationwillbe considered ina developmentphase
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洋
l差 N

領 l f 高t1ii 1ii:f_
i n m

n下1ii 重mW1 i●l .,'llt商 ・ f 面 司 on .

Acquisifon by R8LD led by ATLA,or another means
* *The endpoints of arrows are tentative.ln the view of the concept of streamlining R&D, we wiLL endeavor to obtain the technologies earLier.

To be prepared for future threats, with various assets forlSR and communication network, stand -off defensive attack
capability by hypersonic missiles with scramjet eng ines and/or hypervelocity g liding projectiles accelerated by solid -
propellant rocket motors should be strengthened
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Conclusion

To strateg ically foster promising technolog ies g iven severe fiscalsituation, it is important to

implement steadily re、evant research pr ( 〕リects in、ine with the R8iD Vision .

ln promoting these projects, not only continuous study by technolog ical, politicaland opera-

tional parts in unison within the MOD, but strengthen of technolog icalexchanges with related

agencies and collaboration with governmentalministries, and/:or application ofATLA's funding

system named"the lnnovative Science and Technology lnitiative for Security" should be done,

then usage of advanced technolog ies, especially of dual -use technology, should be necessary.

As AI and quantum technolog ies for computing, sensing, and communication make rapid prog-

ress due to their advancement borderlessly and in dualuse, especially in commercialarea, con -

tentious progress and reflection of state-of-art technolog ies should be endeavored according

with technolog icaladvancement in domestic and international.

The R&D Vision shows technolog ies to be acquired for MOD/SDF accounting on current outlook,

considering discussion of MOD/SDF, not including thoughts or any information of industries.

Afterward, in promoting the relevant project, discussion for drastically shortening of acquisition

period induding R&D phase and earlier deploymentwould be accelerated with active proposals
from industries and so on.

ln addition, promoting activities in R8是D underthe R8是D Vision would contribute to secure safety

and peace of our country and people, accompanying not only with acquisition ofvitalcapabilities

necessary for our defense, but with comprehensively level -up of nationalscientific technolog ies.

Besides, the R&D vision would be timely and properly reviewed, considering not only change of

security environment surrounding our country and remarkably rapid progress of scientific tech -

nology, but politicaldirection, operationalneeds, technolog icaltrend, etc.



Acronym List

A2/1AD Anti Access/Area Denial

Al Artificiallntelligence

AM AdditiveManufacturing

ATLA Acquisition,Technology &Logistics Agency

CM CounterMeasure

EA ElectronicAttack

EFP Exp losively Formed ProjectiIe

EL I NT Electroniclntelligence

EMP ElectromagneticPulse

EP ElectronicProtection

ES ElectronicSupport

EW ElectronicWarfare

FW FilamentWinding

E0/lR Electro-0ptical/lnfrared

GNSS GlobalNavigation Satellite System

GPS GlobalPositioning System

HVGP HyperVelocity Gliding Projectile

HQ HeadQuarters

にT lnformation Communication Technologies

lSAR

lSR

lNS

JAXA

LPI/LPD

M I M 0

MOD/SDF

G

TN

P

H

l

D

T

F

M

A

G

N

0

R

R

S

引

SAR

SSA

UAV

UGV

USV

UUV

nverse SAR

ntelligence, Surveillanceand Reconnaissance

nertialNavigation System

Japan Aerospace eXploration Agency

Low Probability of lntercept/Low Probability

of Detection

Multi-lnput Multi-0utput

Ministry 0 f  Defense /Self Defense Force

NationalDefense Program Guidelines

Over The Horizon

Radio Frequency

Rocket Motor

SituationalAwareness

Signallntelligence

Synthetic Aperture Radar

Space SituationalAwareness

Unmanned AerialVehicle

Unmanned Ground Vehicle

Unmanned Surface Vehicle

Unmanned Underwater Vehicle

R&D vision was orchestrated by R&D vlsion formulation committe in MOD
【R&D vision formulation committe】
Chairperson:Deputy Commissioner and Chief Defense Scientist, ATLA
Member:Deputy Director General,Bureau of Defense Policy;

Deputy Director General,Bureau of Defense Buildup PIanning;
Director,Defense Plans and Policy Department, JS0;
Director,C4Systems Departmentf JS0;
Dlrector,Defense Policy and Programs Department,GS0;
Director,C4Systems andlntelligence Department,GS0;
Director Generalof Operations and Plans Department,MS0;
Director Generalof C4lDepartment,MS0;

Director,Defense Planning and Policy Department,AS0;
Director General,Department of Equipment Policy,ATLA;
Director General,Department of Project Management, ATLA;
Dlrector Genera l,Department of Technology Strategy:. ATLA.
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