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STRATEGIC PROPOSAL Innovative Digital Twin

-Establishment of fundamental technologies for advanced design and manufacturing in future industries-
i

Executive Summary

“Innovative Digital Twin” aims the creation of digital twin technology based on developing and validating complex
event models after clarifying their basic principles by integrating various fundamental technologies. This strategic
proposal offers a strategy for conducting R&D on the digitization of manufacturing, which has shown remarkable
progress of late, and the fundamental technologies that support this digitization.

Digital twins have been gaining attention in recent years as a core technology for driving the digitization of
manufacturing. A digital twin is an innovative simulation technology that virtually replicates a physical product in
cyberspace based on digital data and that predicts events that will occur in the future in this virtual, digital world (Figure
E-1). This technology is expected to provide high added value throughout the entire value chain of a product or service.
The essence of the digital twin is in the development and validation of complex event models. R&D on related
technologies and fundamental technologies for advanced design and manufacturing supporting these technologies must
be conducted strategically and with the cooperation of industry, academia, and government. Moreover, the outcomes of
this research must be used to preserve and strengthen Japan’s mid- to long-term competitiveness in innovation, as well as
to implement new manufacturing systems and to realize a future low-carbon energy society described as Society 5.0.

With the decreasing numbers of engineering specialists in Japan that are in charge of the fundamental technologies for
manufacturing, including production, materials, structure and strength, machinery, combustion, heat transfer, fluids,
vibrations, chemistry, and electricity, Japan has allowed other nations to close the gap in some of these areas in terms of
individual research capabilities. In order to overcome this situation and lay the groundwork for Japan to once again lead

the world in many engineering fields, Japan, as a nation, should implement R&D in a concerted manner.
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Figure E-1: Digital Twin and Fundamental Technologies for Advanced Design and Manufacturing

While efforts necessary for constructing an innovative digital twin for manufacturing are wide-ranging, the following
are three specific measures considered necessary in this proposal in view of the importance of developing and validating
complex event models.

(1) Developing and validating complex event models after clarifying their basic principles by integrating various
fundamental technologies, developing efficient techniques for model calculations, and developing and
standardizing methods of assessing constructed models

(2) Constructing a knowledge base from basic scientific research that is instrumental in (1) [identifying and
understanding physical/chemical phenomena, establishing the underlying constitutive equations, acquiring and
accumulating evaluation data, etc.]

(3) Utilizing (2) to develop human resources that understand the basic principles of engineering, which supports
the manufacturing industry, and human resources capable of manufacturing based on scientific rationale

The selection of equipment or service areas related to transportation, energy, and the environment as target product

CRDS-FY2017-SP-01 Center for Research and Development Strategy, Japan Science and Technology Agency



STRATEGIC PROPOSAL Innovative Digital Twin
-Establishment of fundamental technologies for advanced design and manufacturing in future industries-

categories or areas is effective, owing to their highly challenging manufacturing technologies, long development periods,
and high costs (Figure E-2). The use of digital twins is expected to have a great effect in these areas and to play a role in
future international market gains and Japan’s contribution toward a low-carbon society. Digital twins are anticipated to be
required output for the design and manufacture or maintenance (life prediction) of environment/energy equipment and
transportation equipment such as wind, gas, and steam turbines; automobiles; machine tools; and shipping.

Figure E-3 shows an organization of R&D issues aimed at achieving a unified implementation of measures (1) through
(3) described above. These R&D issues are thought to be bottlenecks common to products of different types. The
objectives of addressing these issues are to elucidate the related physical and chemical mechanisms, establish constitutive
model equations, develop and experimentally validate complex event models, develop and standardize methods of
evaluating models, and establish digital twin technology through these efforts. Naturally, R&D for developing these
technologies to be used with the individual products mentioned above will be necessary after addressing these common
issues. The following are key elements in the issues common to many products.

a) Construct and validate process models for mechanical damage
* Flucidate damage mechanisms and crack propagation in mechanical elements including composite materials, etc.
b) Construct and validate tribological models

* Flucidate interaction mechanisms among lubricant film flow and surface deformation for sliding surfaces of
rotating machinery, etc.

c) Construct and validate coupled models for fluids, structures, and vibrations

* Elucidate interaction mechanisms among fluids, structures, and acoustics in rotating machinery and transportation
equipment, etc.

d) Construct and validate coupled models for fluids, heat transfer, combustion, and chemistry

* FElucidate interaction mechanisms among elementary combustion reactions and turbulence in rapid transient
phenomena and heat transfer, etc.

e) Construct and validate a model integrating elements a—d (digital twin)

* Expand research to the target products mentioned above, develop and validate high-speed coupled analytical
models for governing equations of complex events related to the motion, structural deformation, vibration,
lubrication, fluids, heat transfer, combustion, chemistry, and electromagnetism of mechanical elements, etc.

Lastly, a system based on a network approach to promoting collaboration among industry, government, and academia (a
consortium) must be appropriately constructed in order to effectively implement the three measures described above and
to outshine the rest of the world in R&D on digital twin technology, and the fundamental technologies for advanced
design and manufacturing that support this technology. This will require comprehensive R&D covering everything from
basic research to social implementation. At the same time, it will be crucial to work steadily at creating a collaborative
platform for data sharing, as well as human resources development and exit strategies for international standardization

and deregulation, for example.
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L DS VIEWRT 7 v b7 +— 4 Meister DigitalTwin (H2) 2 HEH SN TV D,

EEBTN
1) https://aws.amazon.com/jp/iot/
2) https://www.microsoft.com/en-gb/internet-of-things/azure-iot-suite
3) http://www.hitachi.co.jp/products/it/lumada/
4) https://www.siemens.com/global/en/home/products/software/mindsphere.html
5) https://www.ge.com/digital/predix
6) https://www.ptc.com/en/products/iot
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13:30~13:501 A AR BE P Z BT DR BERRNT 7T v 87 4 — LB | /IR TR CRAL KR )
13:50~14:101 7 XY A LR AR B R BE AL FIE T T VOS] 5 O LEKRT)
14:10~14:301 72N A LR AT LA BAE ] BB G ET L O I B B — @ ERF)

14:30~14:501 F 2 F Y A Lk BB EEE T L | ALk FEATCRUER KRS
14:50~15:10 I S2 K D 1L F B 72 R B AR & fig A & 38 ol fi 4T ) FA BOERKF)

15:10~15:25 K&
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182 . ERSHDIK.
BABET ORI YA L EERE - SRR ITEEOHEMRERR

1. N4 Industrie4.0

KA 1%, lndustrie4.0] F4REEEMEL T, ICTZ2IEHLEZREXDY 74— A — 3

CEDHEEORITICES LTS, ik, B, BEMEIZHLS . U T &A=l
ROFE., Thbb, FOZLYA NTLDE 4 WRELER M LALEMT 5, 2030 40 ELE % H 5
9. Industrie4.0 Tik, R & B O BEMEZ T L. AL - PEZE - AR E(L /B AL K O [#]
TWHEAT W, 12 M T —~ TR L Bl b2 #EE L T\ b, Z DN [Development and
engineering] fHIKTIE, ¥ I = b —v 3 VEBHEINSCT — 2 XR— 2O LB E 1T > T 5 (fF
B 2-1), HARTIX, ICT & OMAE LTI NIER SN TWD A, Fik, RS HIF o ®R{E2n
GENTVWDLZEICHEBETAONERD D, KAV EHEBEH OHF L7z [High-Tech Strategy2020 for
Germany| DOl A =27 F 7 EALESIT LN TEY , FEER, K5 - PR, ERHFIIRERN
ZE LTS,

® Development of products

m Development of functional elements (functional,
software-based, mechatronic ...)

® Modelling and simulation in the course of development

m Verification and quality assurance for the components
developed

W Service engineering

® Product development and system planning in the digital
factory

® Simulation in advance of physical implementation, and
virtual commissioning

® Simulation during operation for optimization planning
and adaptability

m Consistency of development and engineering throughout
the life cycle (of both the products and the production
systems and factories)

i
o L | =0

End o Start of 19705 Today
18th century

% 2-1 KA Industrie4.0 DO ES T (EX) &

(L fE sk [Development and engineering| DA H #i (£ [X)

(Hiih : GERMAN STANDARDIZATION ROADMAP Industry 4.0 Version 2,
Recommendations for implementing the strategic initiative INDUSTRIE 4.0)

Industrie4.0 #5856 56 5 D PE F il AR TR b BBEORE W H D it's OWL (A v -
F—=FTVa-x)) Thd, A~v— 7727 bUERBUZWIT 2 HEME & B = Bl O W58 %
AT TW5D, KRZOLBEMIEZ 8 O Cross-Sectional Projects, 122 ® B % % Innovation
Projects LALES T Ta L Y=y 7 AREHRINTEY . KEROZEIIRD,
https://www.its-owl.com/fileadmin/PDF/Informationsmaterialien/2016-Making_machines_int
elligent_Leading-Edge_Cluster_it_s_ OWL_EN.pdf

https://www.its-owl.com/projects/cross-sectional-projects/
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2. K[H

2.1 Kk EF M H(NSF) ERC(Engineering Research Centers) 7' & 77 A

ERC 7w 7T Aid. W8, theEE AM B RO FEIRFER O FER A 30 40T < m < 7l = 41T

ETORER M E(NSF) O PE @SSR FETH D, NSF O LEEHMRERE L T2,
[Three-plane Strategic Diagram | 23F 7RHkHE O F LA T, & L - AL ETEFBER), +
Mg - B, B SR Lo TS,

Advanced Manufacturing 7’2 77 AlL, KAX— LD H & BUE 4 DO [edERlE, o1
FTI )Y = NVARTT TR F — AR A T T R Y — - I AR
18t —THlishTW»b, TON NEERESE ) TIE, TROPERZEZHLIC, 28V
Z—DPREINTWD,

© BRI AT LOENKE ERCH V) A RET =Ty =)

@ FTI)VATALAERC:EARAA VAL E2a—T 4 T EFTARNAAL N RX AT —HIFOTZDDF ) #

WY AT (T FHPARELS - AT 4 VHK)
PAN=T 4 DN AT HA(CPOFIMTIZ R L Tid, NSF % . 2008 fELUK. FH4Y 300 R % 4%
BLTETBY, UFBlOoLS 27 n 77 AbH#tEL TWD,
D Cyber-Physical Sensing, Modeling, and Control with Augmented Reality for Smart
Manufacturing Workforce Training and Operations Management

@ Cyber-Physical Approaches to Advanced Manufacturing Security
KENE, AN A REBEEE T4, ARFRCGERBZOMRER NPT XY A FH
fbtETEZ—BLTITOMERBEOFELZRM LKL TWD,

2.2 SEREHEDO Y0 Y7

[E] 52 St S 5 B WS 51 ) (National Strategic Plan for Advanced Manufacturing ) (%, K[E#HE
GINEBRMEEOREIC LD 2012 4 2 A ICERB & 2# (NSTC) FoHiiZE B2 Ek
L7z, JedESE R 42 T 2 HABUFOIEE 20 L, #4252 28K~ Z T, %
BIZsIEEY & . ENAEICRB T DHEIFA /) R—va v OFEELOMOX vy v 72D 570D T4
WERED DDA ) R—va VER] Zi#E L, DARPADA—T v - ~v=a 777 Fx UV
7 (WETm v AORFEN) TaT=s MREORERE T n A T2 7 g |
MW7y h T A BEMB R EOSE T, ey FEHEEL TN D,

SeERE N— hF— v 7 (AMP: Advanced Manufacturing Partnership) (%. 2011 4F 6 A
W= F— A RFETHEERINT, EFEONEZRKEL T, BEEIIBIT2EMZAH L.
EBRBE S 2 @ 0 2B BN IR E T 2 EFMWMVMATH -T2, BTPHEIZ. 5ENAVELE (BE
Fru s hEDERBSEZET) T, 2021 FE TIZ, BWHEDO T L—2 2V —D1ODT T v
N7 4 — 08t EREREIFOZDOr — K~y ZOER., H/ ik 33 256 H ATRE 72 i 5%
B OB ITON D,

Manufacturing USA (%, AERSB L OEHZ KERNICER T HAZME L, P/ BEE L
BHAIHIZORIT 5, ANBHENBMG L, ®iEA s X—v a3 VOERKR EEEORLEIC
WYMOPPEFE A== v 7 Tho, HPOLMHRIT TRKERES /) X—v g - Xy U —
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7 (National Network for Manufacturing Innovation: NNMI) |, #(Z [Manufacturing USA |
WZeks Ui, Bl 20X, 7 ¥ 2 v Bidid & G o B S 5 BF Cid . Digital Manufacturing & Design
Innovation Institute & \» 9 7 —~ T, Ul Labs(FE = #540f%) 28 [H LG (F2HE) 23— hF—I2,
20042 AN AV AN BTy =y et TS,

2.3 GE

GE iZ. A—7 A4/ X—=varzHnWT, SRR - MY OB M & R O H A
BAEED, MAOYI2b—va Y ETAEBEL TS, ERETNVICESLSTVZILY A
VHE AR, ME T Y HRAZ— L a s A RS VKR, T — P ABEER SO
PERE M _BICTE HIBAAA L T 2 (R 2-3),

bupl B8 = #ME
J5A R EIC .
, . . H— XD
o __om a A L— P zeid FHEND I L— | 2. ;
REEF O YA\ Savo |mawk (Toon  (Fameole  (EvSPERE
=iE( GE90 EAL AT (L
AL ERIE |7
j A A — U .
A e e S o
6FAJIZ Tf’F%?EE;’“l;( =TTy
Py |WBH [y—too | BTTURE |A ARRIC D,
= | PR ) T emnay | SN COBAY—
7 EFN EOAL iz g |2 EBNT1%
RE Cllcmrys | DM
EFILICAE S
Evolution
e |HERK [ZU—L [ UL | 16ERRRdT D
T | PR T4 —CIL BT 7)LEHEM | F/320004002
AT | T g - L, #AEHES | B4 174000
2 i TERHOPHEN R | OB 2
- AT« |ERIME Bl 5IR
<A H—

() M= DT VENY A (4 A=) () GE DT VXNV A 8 NEH & ZD%hE
£ 2-3 K[E GE OF VXY A o ~DHEY H A
(H# . GE Global Research)

3.9¢[H

3.1 HE T2 - WELR 2 E 23 (EPSRC) CIM (Centre for Innovative Manufacturing)

JE CIM X, RFICED LFHEOEBBMEEZEERO LD I VICHORTDH, 2=—I 7
TEZ o, FH 8 THLEZRED LD IS VHFEICKEL 230 DT 7T L&t L T\D,
[Fl7'm 77 MZid, KR¥EO 35{LE 600 R¥ED 1.36ELOEENDH Y . 2000 O 3T CHF 5L
WEEDNR—=rF—v v 7 2H63 5, EPSRC O AR —FrDb &, EFIFTILICKEICE > TR
TR ZOEEFEOREMREZRET S, 16 O CIM & EFHEEELZITH VX 5L M 20
LEDORE, T%, VX AHETH LTS, 1000 ADOH DS VIFFRDFORA KT %
115 @ CDTs (Centres for Doctoral Training) TH A — L T\ 5%,
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1 16(DCIMs
i - Composites (BE#RIBF) : £5.9M
' » Industrial Sustainability : £5.2M
- Emergent Macromolecular Therapies : £5.9M
' - Medical Devices : £4.5M
+ - Photonics : £5.1M
' - Large-Area Electronics : £5.6M
EPSAC CENTRES i - Liquid Metal Engineering : £5.1M

MANUFACTURING - Intelligent Automation : £5.9M
- Additive Manufacturing : £5.9M
- Advanced Metrology : £4.7M
- Food : £4.5M
- Continuous Manufacturing and Crystallisation
- Laser-based Production Processes : £5.6M
' - Regenerative Medicine : £5.8M
- Through-Life Engineering Services : £11.1M
' - Ultra Precision : £5.9M

1K 2-4  FEEO CIM16 il & 7 ——~
(H# ;. CIM, https://www.epsrc.ac.uk/newsevents/pubs/cimbrochure/)

3.2 AH/VE

HESNN ST T T AT, FREOENSFICEBWTHR LY — RT 58 -4/ X—2a 0

WEBEZRE L Tr T LTH D, _ﬂ’L%ONﬁM wPEFHEEDOY L LT, RESHTE,
YT R L CR BRI W AT o TV D, mKEIICIET A T T e
BRI T 22 LRI TS, FFEIND oI, HED FIUTA D EER TR A
AT DEMD BDVFERIEHIC 7 A= AT 250 THD, EVRAREAS ) N—Ta v
DIVT A AN AERET 2RISR TVD

M~7w 77 LAOEH - #E (T, Innovate UK (2014 FEEPOHNHATWD @, LAATD4
PRiE TEREIE RS =) X TITbh T,

Ta 7T RNIESEMRMBLRL DX —DORILBITDIL, TORYOFEH L LT El
E#E (High Value Manufacturing) O 47 % %)L k& > % —72% 2011 4 10 HIZBIAT L TW 5,
http://www.jst.go.jp/crds/pdf/2014/CR/CRDS-FY2014-CR-02.pdf

3.2.1 mfffERIE D Z 50 b

EAl R 2 L M2, 6 EET 1.4 BAR Y RERX 2BUFRENR S, BEFED T 20
BUEBDEDONIIE - Bt o 2 — (GeiEp, ilERlE, et A4 7 RX—va > RGN, #
AME BT DEERE, vr—) v 78 E 7 L—7) 7&3‘%’%/5\[/\ flEl 2 DARZERL RFTET TIEK
BCERNL D REFOMERMIERS Shiz, TAICLY . SHAREE (B - (47
7 JmaT— B - OB SV AT T fAER, 5@3$\ TRAF— ALF, BETH) ZEIL<
XL, APERROMEZRBEEMNK S T,
https://hvm.catapult.org.uk/
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3.2.2 TIYHANAENLEEAL ) X— | UK

2017 - 3 HiZlZ, 7Y AN E NV NEA 2 X— K UK 28, H/hE3I2x L. The Digital
Engineering and Test Centre & OI[EMIEIZ L DT XNy A > & IEH Lz e EREHE T T —
YDORFERM U, TV H T 200 MR RIS RS LB M L o & ik L,
EFEMER EDOTZDDFH LNT AT 7 OBEREFHTLVWY Y 2a—a VORIEEZ AT, Rit7 etk
A, EEFIE, WETA T A I NVE TUXNVEBROREEZ T HWEEOD D FESTFE L
THEE L., EFEMN EORBEICE L TDH, F/hEEE, %ﬁ@%ﬂi@n%ﬁﬁ o e AR
=L T, 7/5/1//4’/%3)%—1\%ﬁ Bitil 72 & DR E D 43 BFIZHLY M Te,
https3//Www.d1g1talcatapultcentre.org.uk/dlgltal-catapult-lnnovate-uk-call-manufacturing-ch

allenges/

4. HE

HENE, B 14 WEDFEFE(2021~2025 F) 2 HEFIC AL, REEBEOTZDOME & L T,
[ E#L3E 20251 # R E Lo, MFEBRBEEE O GDP L& BIAED 1.5~2.0%FE /5 B KEK A
HED 25~3.0%REE THI & LT, 2025 FITIFHELEEO—MAD & BIEETEHLOMRNE L2
STWD, FIEICERTDER(RL LT, MANMKFENSW AL T 7 - FbF BRICE KB %160
A7 T, RHEETHHEMENEE STZIENY OF =R LX—H - XA 405 10 KEXE
BHLTWSD, KR T, WETROAY— ML ((Av—b~v=a2777Fx V7] BILY
MER AL E T BLE TR ) oA / XN—va VIRMLIZE T2 5 D2OET AT av=7 FRREIN
TW5, 2025 FF TITH 40 ATOIEFES /) R—va v by ¥ —%@EET L TETH D,
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ERERE : TOFLYA U ERERG-REREBRMWICEITLINAFTTO
DA R

1. BRBEMA /) _— a VAIE T v 7T A(SIP) THEREER 1 [2014-2018]

e RGN 50% Z F2HL9 2 HFT ) By O WFFERH 38 & Frfee i 70 pE il AR A 22 12 Bk A T %
RNy 77 T 2ZONBREBENIEE OB, BT 3L F—, CO: HlIEF X OEHEB S ) Oi{ko
TE AR LT, £ 80 DR - AMMREE LU T O 4 oOF—LLph EIZENDOH
BiE A —H—9 th & 2 HATHE S 5 BB B MRS RE H i F 84L& (AICE) 2" F — L& X
B 5D, TR R pE RS O RHI THREBFE 2 D T D,

O TV UBEET— A

@ F 4 —BILREF — 2L

@ il F— L

@ BERSTF—2L
HEF =2, V—F—RF, VI IRZ—RFPLEELRBEL., BREETLVOHRBELY I 2L —v
a EITOERGIToTWVD, TTTHEINDIBREETT ALV I 2 b—3T g VEIFO —E1Z,
KIBE DR - AnB - BRBE - AL AT 7 VST LD,

PELHOBMEA L N—F, 0y =r7 MR THREWRS, EESIMIET 2 EE/ L LT, 2017
6 AT E R EEE o Y — T A& Rl Uiz, SIP #& T 1#% O Al 2 Ffe i I HEFF 5
Pefdr & LT, M 100 REDOT W7 I 7R EOEGEEZ MM T 5, XEA¥ERE L LT AICE
WIS B &m0 EEH L ER=— 2RI 5,
http://www.jst.go.jp/sip/k01.html

2. BRISHYA / R— g VAIE Y v 7 F L(SIP) TR R &R B [2014-2018]

MOV BLUOBEICHWO N EHM 2 55z, BLT O 4 >0k THFZER % 2
HELTWD, @RMEBCOETHFMTHETT ALHEEET VOB LERINTEBY , KA
IARERZOEECME L EO BB GE et AET AR LERIEOBEITR 5,

® fZerg AR OB % & CFRP(R FMkHERE 5 4 K o B %

© WEAE® - BRI EYHE DRI

@ &7 v AREEMEO %

T UVTNAAL T T L—a v
KRR BT DM EHELDO —MIZRWVIATL DO OHIEZ/#EE L, SIP R THLZENICH -
7oA FEBR % O fkfe I X OV FEA~DI Y AHLA N AR AR IRT= D, 2017 FEN BT, RENSFEHL -
FEAEZRBEZTLY TEMITHREHBZRNTWNT L L), FHEKICEE(ELZED 24D0E2E
<. HFFEER ZHEA Lz, FEAL - FEAICHIT 20583 & WLRTE K % R AT T s T
W5h, Flz, EXRo@RICISL, BT7 vy ZAEEEM (CMC) DA BHFE D 72 D 7= 7o i
ZeBE T —~ bBBL TV D,
http://www.jst.go.jp/sip/k03.html
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3. HREKIA / RX— g VAlE T v 7 T A(SIP) THEHMGR [2014-2018]

AK7a 7T ATIE, BROE DS VEEBGF Nl (Fa—rv by 7285) Fltid
DALY AL ANVDOIFENE LB (MIRFEO A 7 RX— 3 VEB) ZHEIC, BARADOL DS
DS BRI T REHEELE LT, BERCEEMEZZDZb03< 0 L, #ERkObDS5< ) Dl
HThHDHMRE - MELEIC LS8 - RdER., ®MEE - Bl THEBET L2774
FH DSV OWFZEBRFICELD ML A T 5, Additive Manufacturing ## & L7 LW O 5<
O ORI OBFIER R m AT IR FE - W2 EHRT 5 L —F—a—TF 1 v 7 BN O L% 72
ED 247 —~EHEHELTWD,

http://www.sip-monozukuri.jp/

4. YIalb—varEifirey=s k
® JST CREST IR a b—va Uil ofi & EA L) (2002—2009)

FREEA T EHEREREET L LICLY, YIab—va VENEZER L, BEESCHEN
5 S bHFICAN T, EMEo B2 HZEEBE IR E Le, BENICIE, WE. MEL &
Kl 7mhb=w/nilEBLSEIERBREZ Y — L VAR ADIFH IRy Iab—vay
Hif, 78 L7T — 2RV 7 Ny =T 2 A7 2MET 28, £, #EFIEOREN 2
HREOWP L IRDFFHI2T N T XLAOMEL, ERY 7 b, FRERZBOFNLT T D57
ODOT Ty N7 =5, HOENVEISHZEZ CTHBICFIHTELEERYy =V ORBRENT
Fhlo, WEBEEKE THROERO —FIE L TE, DY I 2L —a r THTaT 2@l
RO T 0 77 5T 2 MP M ThI T\ 5,
https://www.jst.go.jp/kisoken/crest/evaluation/follow/h27/h27_03_CD_CREST.pdf

® JSTCREST [~V F AT —)b<)LF7 4Ty 7 A (20056—2012)

NVFART =N s N TFT 4Py A (BRME - B Ry Ialb—va 2 RRAT LR
M 725 R FIRZ RN U, Sl (LR GRS - AT 2 E o et s X = L— g VI E B AD &K
T AL Ca—7T 4 7 REZBELTHET 22 L2AME LT, AV Y =7 MIFES
Nie, WFZEsEi, AR Em L~ v olE®E - REEFREEREE & KEERET b - a1 ki
LoT, BEOHRSEPHEICEBEB LD ) LR~V TF AT —IL « v VF T 4 Vv 7 ARBOEE
EHOERMEDMRAZRD L Z L 2Eoxtg s Lic, BARIZIE, MERERERELH, REI%.
BLOZNTERT 2 KE T, N LY OR2NE - @O, 4 72 TER S ORE - 3R UE,
T LSV oM EREE) ARNTEAOE ERE L ARNEDEIRER E RREF R RS DV IT
ANEEMEZ GDRROAT — VP BEICRRDBREOET NMEONIE, TDX I RET VDK
BT FIEOMIE, ETNARANT — % O% MM - fEROEFMEOFAL FIEOW R EBNE
Ehic,
http://www.jst.go.jp/pr/evaluation/problem/problem2/kisoken/h24/201307/sanko/shiryo_12.pd
f

0 HBEE [EHWNNA T —~v R aLa—F 47« A7 (HPCI) ¥i&k 7
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77 5] (2011—2015)

HPCI TliE, 5] RSHEKFZEDOLEFED 9 OO RENEFETHRXYZ AR AE G A —N—a
o= ZRKRBA N =LYV AT ARRy N =7 THEEN, TNHDA—R—a B a—%
R =D =TT MCEIVFIHATEDL LD ICH v AT AREEIN, (K b
220124 9 H BB L7z, 2k, REOFAENEE Ry Y —2 2@ LT 5]
RN MR E G A—N—a s Ea—2E2MMHATEL L5120, HPCI LD A /Na 2 Tht
BT —2%HAB L0, ZRITHNLIEDVTHI LR ENTEDLEIICRDRE, 2=
— R ABNDH b D E o=, HPCI v 25 A0 « EH 1%, HERFLEIMICE Db HIN
e ThDH, T—EHENHPCI 2 Y — v T A MTo T d,

(30 1% 2012 45 11 A ISR SEBE CRBEMERE 10 XX 7 m y TR &R L, 20124 6 H B
FOR1MTARRBWTHRARR = N—a o —F MW7 X 7ICBW T @ T 1L e ol
hicky, HASKESMLUCEEFESFEZEBAL TV HR T, ZBAEOEAOESERT L
MTEI, BRI, 102 78y 7T R2E 0D mWEEMEREIZMZ ., @EEMEE mEITHED
MEZAL, Z< 02— =l o THEHOFHNA—/N—a Ea—X Lo TN5D,
http://www.mext.go.jp/a_menu/kaihatu/jouhou/hpci/1307375.htm

& UHFRFEHETT vy 72020 AR TR CEHAMICED Mir XX am - BHERRE

BT 27 7V r—v 3 B - AFTERE R

AARICEIT 2R FHENNOREL, EEFES oM, EEFER., 248 - ZROOES< ) H42HE
THH, A—N"—arbta—% [ O%MKEE 2572 TR ORFEIC 2014 FE LV &
FLTWD, AAN [ Tk, EFESRENE L CEFOICHKEZ BIETHE0 - B0 E
ICHEBE A ICE D ML, A EOREICH S LR A 8T 2R LA T2 2 LR HIfFS N, L
OOEMEBENRESN, TOH> b, [mx X[ & [FEEFESHOMIL OB T IV TIE,
TREMNREE 2o TV D,

HAMREO® =X —0OmARQAIM, L4 - BrE. R o8 8L Bl o B %

BEABEHO FHN7 Y -z x X —v 2T ADOFEML,

HAEO WHROEEZ R DERET A A - @mYEREM B D AR

HARE® BEARKME DSV 2506842 0 a0a it - /WiE 7 v X OB %
http://www.mext.go.jp/b_menu/houdou/26/12/1354134.htm

5. YA N—=T A VANV AT AT BV =2 b
® Ut S E 7 r 77 A(FIRST) MM — v ¥ — A k&M (2009—2013)

HEKRT — 2 _R— AW 2 el T — 4 R— AT PV OB E ST VUV a T
B WM HI 2 — b A O EFE - FASEME S LT, HORKE D & OO S R B A -
AT WRFIC R RE [E ST S AR SR T (NTD) 72 5 ONC 2 O K22 - BFZSET » 4238 4L 7 CHF %2 e
Rex M, K7V x s FTIE, RORFEENAIR Ui TR ST L 72 % 56 k10 U
LWEBLICE S HmET — 4 RXR— AT VU 2%, RRFICYET - N—2o PV aiE e
L BERT—=ZERIC LD TRE L 72 2 LUK A2 P — B R (A N—=T 4 PP —E )
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DEF AT DEWE L, YT P UVOFRDMEEZH LT LT,
http://www.tkl.iis.u-tokyo.ac.jp/FIRST/report.html

& UHBTH HRVAT AV —ERAKELDTZODY A N—T 4 THVIT fia B O
(2012—2016)

EHR (T4 PHN) DoBFONLIMA T —F 2 FERZER (FA =) ITEKNLTHHL,
ZOREREEMFICEHENCT 4 — RN I T2 AN=T 4 VBN 2T 5 (CPIITHET 25
WEBENT, 2, =3, K, BLeRREICEDLIFEL Rtta s AT 2% IT L OERE
HIoL o TEElL, MEMRICEIKRT S CPS &2, Y=Y X VP ANRN=T A THNVV AT LE
AT FAEZ ORISR EAIEICE TS IT Ak e LTREL, T OHZERIERN
Tz, Y —v v /v CPSIE, R LA N— R 2 FEIESE S5 2 & THhaohgb
LHESEHROEHZ AT FRZEZET 60 THY | SBROHEEV AT LAOREZ X
LartF N ThD, AR TIZ, Y —3 v/ CPS (2372 IT B A O ME 2170
RN ORI L ENOERET LT —FT7 7 F XY ZRETLH L L BIT, EIETVAT LELHEHEL

TR L. EAoMifEE T 522 HME Lic, ENERTFHET. LERT . KIRKF.
JUIN R 523 S [F] THFFEBIFE (T HL D ML A T2,
http://www.mext.go.jp/b_menu/shingi/gijyutu/gijyutu2/006/shiryo/__icsFiles/afieldfile/2014/0
6/19/1348765_3.pdf

6. By /T —2HMTnT =7k
® JSTCREST - s&) ey 77 —2 M) (2016— )

I (ESZESREFRERT TR R R P A FE IR JE T B0%) ko b &, By 7T
— Z A EH O 720 ORI EIT ORI - KRR FERI LTV D

ICT Dt REHCEMR 0 SIFRIVES 5 & 23— Cft - BB S O m AL &8 KIS,
Bk & 725 %’T?%%ﬂé*f &i?a%tﬁeﬁ%rlﬁﬁ WKL, Z{ELIT TS, ZThoDbty 77—
5'®mf“iﬁﬁf FTE A VBT LWEEEE T RIS K D MMM E O RIE R, £ h b O Rk D 5 R

N R4 SO fx{ﬁéﬁfﬂﬁfﬁ@él & —E20m k- ik EIC o BN RERIRA ) R—v
EIVEE i FS Y (G ARSI

AWML TIL, ©v 7T —ZOBEBRAA BT 2 RENRE LR L., ey o
By 77— 2 ORI A ATRE I 2 Ik R AT oA - mEl - KAR{IEZBfRLTWD,
HARBIZIE, KRBT — 7 M - 5k - RE T 2 REBEH O 2T A OZENEM e, %
FEZ 7ot 2 T L CRRsR « Fhilik » Al b U CEIC LB & 7 2 ik & S0 SR IS B D - H il
IO EARICT 2N TFIESLT VI Y X AR EORBEEHET 5, :ﬂ%@fﬂ*ﬁ"@?&iﬁk%
2. By 7T =2 nbRICBT A MEAEICED VAT ARKORF A BEIC A, ICT
S DB & OFERRAY 22 - B A 1T K o THRZ A iOD%b‘YkﬁiﬁAL%&fﬁ@’éﬂﬂj'%ﬁ?ﬂﬁ'
RRABICEY e, Fo, ABFEEERTIZ, U Ty 77 — 25 B EEERTH O 1 5 )R
TV =y a VEINRT — 2 R - ERT R E0EE 2 HEET D,
https://www.jst.go.jp/kisoken/crest/research_area/ongoing/bunyah25-6.html
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® JSTCREST v v 75 —4%iuH) (2015— )

AEHEIE R P RREA R BRI SRR O b & BRI - A2 ERERRICE T S SO e

v I T =2 FERMEE DO OWRMENRT 7V r—ra VEOAIH - mEARERIN TN D,
AR TR, HREY  HHEB RSB Ly 77— X OFNERIC L RERIEZHA 8
7 NEEL XD A RS (T 7Y r—va VB EoRBIc Lo AR ED . BHER%E
Rk K OME Y - B3 B 22 BRER O RRE o0 MR U0 O BB RS O 72 0 il 2 D AFZEE SO O
HCTIHERT 2 2 E R IREE R KBS SRR 22 B 7 — & 2 A8 B BT C R B A e & i 4
WHEAEITHIZ LR, ZNHOE vy 7T — X RS T W5 0 R4 2 i LAl
5L a2 ERRICHIERES 2, ZODICHBRRMNART 7Y 7r— g i & FZRERIZAI
M- mElTIZEZHELTVD,
https://www.jst.go.jp/kisoken/crest/research_area/ongoing/bunyah25-5.html
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