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2004 EDBHESTIE 1T (57) bps bV ONILEREINL A KL 0D Lt v, EFW7275
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AT LIEBW T 7 7 7 HROEAMSZIRELE L2 SHICKD, P/ s Icx LT, o
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3. I rEY Y (2) : 10T (Internet of Things) (CEEd 2%

Tk, HER MR A vy — %y MIREShLZMELA Y T —21%, @i A —VO%ZfE,. SNS
(Social Networking Service) EWoZ2 A ANEDBOII 2= —Ya VIZHWONTEE LA, L
PLEDH, S, AEALOBICHELT, H5WaWEWEINEER Y T — 212X D HEER S 1L,
THRPEERHHILE 2179 L VIS TH S [oT (Internet of Things) M ENTWE T 4], ToT
O HHBLL 2015 4EC 590 & Fv & iy SMTH D, 2020 41213 2500 & FVICHET A L FE T
WE S, BARM ZE SN B e, S, EHEE BAR. B BREE LR LI b o T Y, Sk
OFEFMHFEEINTHET, ocTOZ Y K/ —=FE LTIk, FORRZ LY Y v 7 L2 #E 7 —
FELTERTAE YT TN ARKEBGTEZEHDTVET, L4784 221, Bt 4%, K
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BRI EOREHRIE T D @EEICE VREINTE T8, RVEEPATH LG LHIT I VR TNS A
THHIHEERHY T3, MHEOFE L TRBIRWICET2EHE ) 7V £ AICHET 5 —E R
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FTIZXDHE, oTHOZY N/ — Fid 2017 4RI BIGELTBY, 2020 FFTIC 24 BAEICET S L
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HT, IoTONIey ZIZADPRESEL Ty 7 ERELERD 5,

PDLEo ToT Oz fiAa, U= Tk, 10T I 2T ORI ATV T T,
loT FZEY VOFIE : FilD X9 %L HD 10T 77354 AD5H0E L TV 2 ZEH0 R 12 R IRg 12045 Bk % 0%
B32&, EWIHATA720, @E2Y PT—2ZICBWTHREMNMELTCLEFVWET, €2 T, Y%
Flid, FE o =L ERBE)T L 0T 7N A2 R e LBESI A Iy 7oRMINE2RELEL
725l BET 2 0T TNAAZBET L L, BEEREZESELIL T, ZOTNA ADBERET %8
EX) 7TICRBET 5720, RN QMR TR < ERM 2B AR L LTHffcax 9,
AHFFETIE, HEEHli O R» 5, REF KL VL D IoT 77 r—3 a v ORBEERZEKT 5
e cEaLZEERLE L
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720, —HOT—=F LIPS T LI ENRNTE L WDTT,, 2Ty YEEILZ. R4I1ITRENb 4y
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BRETHEXE SN, Ty VY= N"TRIEINTTFIIIHONE T, TOVATAIZID G T 57—
YORPEOLNTWTEH, BEEEOHVT = ZHOTTFUZIT) TENTE, BOHELERT S
EBRTEEY, AR TRETF—7 Ly b2 HOLFIZITV. ZOEMEEZRLE L
BEESRtE 7 /Mo UAV (Unmanned Aerial Vehicle: 3Fr 1 — ) A3 R, AL,
T, S & v o 2 ARH AL H A B DI N2 M B 1) B K4 2 M %2 e 5 B &
LCHEHEZEDTVWE T, UAVIZH L v 2R M I LN TELT 00, BEITS 0T 7N
AAERZENFTT, LALAENS, K5IRT L2, UAV OFHEMRIEKLS. 720 Lo k)
RHIETIZMEA V7 TOMHANREEINL 720, Ty V=N r 59 Fh—NOFHHY YV —A b
AT BLENH Y £§, 22T YB3, B0 UAV oBE) & BEHBHRT— 7S %2 27
Ta—=0rr L, BoNlEA v 75 L) v — 22 RHMICERRICHTT 2 2 LT flziE
FEFREREOW R ZEOBRNREZM LT LI ENTEL VAT AERELTWET 9, AWFZETIX. &
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b7 —27 ECRIESNSBEORBILHEMABEL TCVET, V=R Af v FHEL oty PT—
7 B OHIEREZ o 2 v bu—FIEH L. REMICHIEEEE T 2 & oML Ay N T —
7 R R LER T2 e ) £9, 2% Software Defined Networking (SDN) & I
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HEENZEL T E 3 (11]12]
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LCRHIT 5 (M128), BfE, BiWa g s Lz MPLEHIICIEE+ mT 2%+ kHz O bR
ZENNT 22 TRWESHMEE LA EH L TWE2, ERNORELZETH L TEXLHE)KVEE
B oM % V23R F L,

ZO7z0, UWFEE TIRE BB ORE#Y I X 5 OPAM % H\wz MNP F 5 5HllOMf5E 217> C
Wb, AEFZETIXZ. OPAM D EhfEREY; D s 2 % il § %

e, AaA vERIBHOF v v ¥ TR Sz 7 M
T2 ANT VAT 4+ =< (FT) ZHWZK2I1ZRT L9 Excitation field
HEMHIR ZHEEE L. 2 kHz ORI % H 7255k MNP 5

Langevin function

R Z FE L 720 ZOfR, /) 0.1 umol @ NMP % 5 [ i
FEEEMET A ENTER (3. ZOWETHV OPAM l L

N =1 " Magnetic Magnetization
& FT i, @B MRIGHINC D ISHTRETH 2 H1 5. nano-particles of MNP

y
>

MRI 2 & 0 #52 HEHE MPTIZ X 0 35NN ong felae |

WEMET 2720 ORKEFHIOFEBLUIIANT TFZE 2 D %, 1: BHREREE (H) o344 3
MNP O#{t (M) DX E)
SE
1. T.M. Buzug, et al., Magnetic Function generator Flux transformer (FT) A
+ Power amplifier  Excitation coil FT input coil FT output coil
particle imaging, Springer, 2011 ] i ' l Magnetic shield box

2.E.U. Saritas, et al., Magnetic
particle imaging (MPI) for NMR
and MRI researchers, Journal of

1
'
)
)
'
! Oscilloscope
)

Magnetic Resonance, Vol. 229, pp. .___=8& K= .
116-126, 2013
3 I A, MRS Y'Y 2 —
N W7 m B A X —
YU iR R B AL D RS |
95 mm

= 20 1y ) "
,L:' %*i {2\ VOll 17‘ N036O‘ pp61 Magnetic nanoparticles Excitation coil FT input coil OPAM module
06, 2017 (Resovist solution) (First-order gradiometer)
A}

2: OPAM Z R\ /= MNP ESEHAIRDEY b7 v T
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[B# MOS SV RRICB BT UELTLITT7 /4 XOFERVET VL]

NA2DETFIZETETHEIT AL L ) 1o TR ERNBIEKICE VT, Kz F OV F—EfF & SE D
RKOLNL, R AN F—8E L BEFMEZ M 5121E, EEMEEZHELTSMOS T I ZX50
LVHMEZT TR, FT U VRAYBTRAET RIS DE L ) A XX IEHIZET VLT 5 2 &A%
b, BEMIZHRAIREDNT VIR0 2EMMKIE. BEIEGETY — Vv EHW2REHc TER
ENA70, BIEOVERE & B ITRGFHIHE ) ET VISR SNS, WMl b7 Y DXy HPEMT S/ A
ANWCBRIAZXDEIGNRIAXE TN TV IVAINTRETABME R ENDH L, /7 A— bk
DM N T T ZAZ BT, BALBENOREICTF ¥ AV F ) THHESI N, HiEShIF ) 7H
Fr AV ENREEVI SV FLTFLEF57 74X (RTN) HHEE 2> TETW5H, AHFZETIE,
Z O RTN OFHili L N T VAL Z ATV, BIEREREDIEfE 2 WA D ) FEEHRET L Tw b,

LIZMOS M7 Y VAT OWMHESG KONy FHEEZR T, F v ) 7 O LI )+ V&R
HEZAL L, FEEEIEh ORBEEENCKN S, K212, H 5 REEEICE W T S 72 B 28 8 2 BRI
XLT7ay PLTWS K T1% DEBEZH VBN SN TWDERE T EIZEB O/ — 22 kL,
WREZHESR L L, WEDINC, BEBETEICL > TOFORHNEL S, RTINEZT V¥ ALRBRT
b, TOWERRIHANICE ) AL 52 L TREBEMIMEHES NS, TD72H, RINIZX 5%
BEAMIETNVE LTERAT S, ERMEKICr—MREF—MEORLL T VI ZXF VBRI,
N YV AITEOREERE DM DINTG A= E L TETMET %,

2D X HIZRTN ZERR o#EEHEIC X AFHMESLET, Kt v TIVOHEARETH 5, K
WFZECld. B OFHMHEAM ORI L V. RRFHIZPE 2 Ekeill g 2 HE) T/ Y AT A2 MEL Tw b,
BT L7z A7 JS X D RO 154,224 il &\ ) KB > T v ) 4 ZFHIICHEE LT % Stk
] D FEAVEIC B W TRl 7 VORI KEEBER LD TH D, KIS, F'—FRET7— MEDOREL
587V VAZIIBCTRERERBEILOR L 2EERMIIBT S 2 4 A%iHii L. ZEREROKEHET
VOREHEEIT>TWh, X3 (a) 12154224 O ¥ T NICBIT A BIEEH RO A N T AZRT,
3 (b) WCFDOEBRIEST 7 2554 Tld 7 { . lognormal 74 12t Z & % Quantile-Quantile 71 »
MZEDRLTWS (1],

S£Z3k : [1] Islam et al, “Analysis of Random Telegraph Noise (RTN) at Near-threshold Operation
by Measuring 154k Ring Oscillators,” in International Reliability Physics Symposium, April 2019.

1 . . . .
< 0°C (a) 154,224 samples
3
3 5 ‘
0 b= 3
1 T T T T i)
9 20°C 2 2
; g :1 ‘ U
l © trap in gate oxide E ; X o |H| H ‘IHHHH ‘ ‘ ‘
Vs @ mobile charged carrier ? L - -
(b) gate oxide 2 0°C 00 05 1.0 15
3 Delay fluctuation [ns]
f bl
H q 2.0
gate electrode| _ : substrate (13
2 ‘ ‘ ‘ CB0C| T by . ®
3 o
3 9
; = 1.0
switching traps | ©: E¢ : Fermi level (1) i 5
H E; : trap energy level < 80 °C 2
) g 0.5
) <
O empty trap in gate oxide E
@ switching trap in gate oxide 0 . L L 0.0
@ filled oxide trap in gate oxide 2 4 6 8 10 0.0 0.5 10 15 2.0
Time [s] Lognormal quantiles [ns]

X1:MOS PSS XAMEELE R2:BEEESHIEENTE R3:@EFEZEDEXRNT T L4, D)
ADRMBICLD XV TOHE .- $T38F, COBEZLTHIIEE lognormal 4 IZxdd 3 quantile-
BHERR, DEREEICEN B, quantile 7’0 k,
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[FtFZRAWE. 3EFEY FOF — MEEFIRITKL]

AR, BT IIFOIRERYRERZINH L, 1ERAWEETH - 25t HRME, 5l vy v 7kl
FHT L [RBTHM] AWEHESNTBY, 728 ZIXHEATREZEE 2 T 2B TR 5EER. HA
DAYV 12— ¥ TIRIFT L VEEAZ R BT 3 0¥ 2 — ¥ OEBICIITF =R ED ST ET, b
DFENTTHAD [HT] &, BTREORAENR L, FAREEZENTETHLI LR EDRD, &
TE#MOA T K E LTHZERED ShTwEd,

INFETIT, 2200 THOr—MgE QA2 = ET) BEHINRTVE I8 HAEZ
DENRROENTEY, TOEMILO ETHEE 2o TwE Lz, ZREMIT L EHFESNLE D
SABIHMBT = bHETOEBTT, FFi2, HIHAT Y 77— b EeEh b ET1d. BTR0ETIER,
BRI &, MA B 7O P VIHWA Z ERTRETS, HIEZA 7 v 77— FEFIE 2 A
N2 WNFFEMAGDESLZ L THE EWEETT 2N 20846, BIMERIZI0 55D 1UTERD,
FIUIFE EAEET L 72,

COMEIZH L, Fiurasek (7 2—5t v 27) 51, 2008 EI2D THEF 2 AL ME ORE
T, PERD 500 F5 2L Eowhs (16250 1) T, HIHA T v 72 B2 k2 HmIICREL T L.
L2 L SOHEEZFEBT 51203, IR ISR T o R Z @b B 2 W 25% 57 7E L.
INFTEHELTVWELATLL,

Z ZCTARWIZE 7V — 7%, Fiurasek 2SBEERIICIRFE L2 RO & A H O T ¥ Y F2SA
N RERBIHA T v 77 — MREOEBUHD TR L F L7z, EBRIIH 72> T, EEOSH LR 1E
FEhS, — DO MICERSNINA T v FREZETZIAICHAGDE S Z LT IR I
Rt A, RREMZ @2t TWile LTEBAT L2 L, B84 ik L Lz, H#EAT v
Tr— M, HEE Y b 21 OBEOR 20O Yy FOREEZANEZ T K1 ICEBRERE
RLET. ANWOHEFI EWDSHIHE Yy bofliz, ZOHBKE2 O By bolERLET. 72,
EEE. FOL ) R AMEIELNEREZRL T T, HELE Y b270 OBAICIE. AT SN
Yy PORBRIEWE BTZOTIHHEINTWL0IH LT, Yy b7 1 oFAI2IE, 0113 10
12 10 & 01 IZE WS TANWEDb->TwE T, 2612,
HHE Yy McEQALEREEZ AL LA, 3T0
oA REN, BRI TVwEZELMRLE L.

SEFEBLIZHEEAT v 77— k), ko2 AT
7= b ERMAG DGR TR T, tm TR
NEERESFHDODLZEDPWETT . T2, m-IHGERE
e, BTREZHVWAZSLICEELR2EF2) 714 —
M OFEH R EMFESNF T,

Probability

SZHK : T. Ono, R. Okamoto, M. Tanida, H. F. Hofmann,

& S. Takeuchi, “Implementation of a quantum controlled-

SWAP gate with photonic circuits”, Scientific Reports, 7,
45353 (2017). X 1. HIEZT v TERERRER
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[SICEFT /N1 R H T 3 MEFBIER RO E 1=K — FRF4FM]

fif e 1~3 kV #% o SiC (fbiE#) 7$7 — MOSFET & ¥ 3 v ¥ —[EREY 4+ — FIZFEAMLDIET Y .
HKHOBEWR, KEpEMA Sy 3y, BE, BXAHBHELZ ECTHELELAEIREINTHET, L
LA, SiC A Okt Kt v ) 7TWEBRRICEIRFEHODL 0%, Kk LT
EELMREEE 2> TWE T, I, N7 —FN, 2BV TR EBEANFICBIT S pn A8 0OH
BHIEB R IR L, CHRRBIENTTAEFTVAERENE T, 4L, SiC K pn HG D
BEHS O L. ZOMge% M U TS L7z SIC 22K —F 53 ZDBRFIEEIZ O W TR 72
LFEd,

Kex ot a A3 5 SICon AT A4 — PR L T2 L2 24, THES0 V ~ 20 kV
DOFETFTIE HFNIEI 7RI C I TN T v Y 2B THL I L LE L7 SEBATICSE
5 %) THRHIE A o ALBIRICK SO T, EAYEOBE TIXETB X CIEILom %A F
AR OB RBEMRAAE TR T L N TE T, AR TIE. EOMEIC L ) ERER 25248
WZHRAI L 728k % 72 SiC pn G A 4 — FEIER L. 2o 5 im0 B8 it o B R AR % i
LCHEFBIOCIEILOEZEA F MURBEER LT L, ¥4 4 — FOREZEVHEHPITELEE5 2
2D, HEA T AURBOREREE D KO 7RERZKIIORLET, 22T, o2& A3
SNAEWSICHADOHS 2 2o/ LE L, —2id, REABHEOEVE O, #2554 + 1L
BREAVNES W (BERATEMES L) 28T 9 —2i%, EEFIEVEFOEZEA F+ 1L
RRBDSE TN H 2 GEFIZ T + ) VEELO B Z 2 TH A + LRI ERTRY) &
T INHIESIC DR AEENHEEIGER TS EEZONTT (1], B, AR THS -1
A4 F AR E WD Z EICX Y, B4 7% SIC TN, ADMEZEEICTFHT LI ENTE (EEBREE
RO 2138 3% LLF) . S0 FEMIHEOMRBERAE DA R LTIV —F 2R 2 L 2R
LTwZF j_o

—1Z, X7 — MOSFET 022K —5 55 A TlE, T8 2D F 30 & T E O B R
THRESINL FL—=FF T7HRPEHAEL, 526N HEICBWTERTE /Mot Y iktld 2=
R—FBRR| EIENT T, LeLAAS, 5k, SiC D5 E TIRREZEA + Y ALRER ¢ il 5 m8 B
D F—¥ ¥ FEERGVEDTETL SN TV h 57272012, O =K — 5 R EDSER T L2, 4,
W22 A F MALREE B ICRE L, oW AT LT el MOBTBEIED N — BRI D R
PETHZENTEFTLADOT, SICOLFR—FEAENZFEICL VRO T L, FEHEEELRN
YF AN —DORERHEEFEICI VRO, F VM EWEOBRE STy P LAKERZK 2R LET,
PER, BEBRZ: F FOREN TR MEICH AT, SiIC OBRFUFEDSBEIC I WS 239920 T L2 12,
[1] T. Kimoto et al, J. Phys. D: Appl. Phys. 51, 363001 (2018).

[2] T. Kimoto, Jpn. J. Appl. Phys. 58, 018002 (2019).

< 10° L /

108 e e g Si /
£ — 156 K ] A2 , /

g — 298K ] 810 /
210* B (hole) g5 k - e p2

g 561 K E S , /

S o Niwa 298 K o .,

g 10° 4 210 >

(&) A o / siC

§102L « (electron) ] 5 10 y |

[ ---156 K E © /

= ---208 K =S

210'L ---465K ] S /

© -==561K 3 210° /

g o Niwa 298 K %) %

o | RS TS R Lok i | B B
00307 05 0 07 08 09 T A 10 10° 10*
Inverse of Electric Field (cm/MV) Breakdown Voltage (V)

1 SICICHETBEF. EFLOERA 7 bRE 2 SiC T/\ A 2D F VEH—THE DR F4FE
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[BH7 4 b=y VRBL—Y—ICLBPEFHE - LEE]

WA, HEERR, oKy FoOHBETR. A= b7 3 VOEEERTESEOX 2 )Ty v T
R ENOBLH, MRICE T > TwET, Z0729HI12, LIDAR (Light Detection and Ranging) &
I, L—F =7V 2ADZERGERIZ L 20k (BEY) O, A%y (&) oty ¥y 7
OBFED, WHRPTITbILTwE T, L2ALads, BHIRTIE, vy Y ZIHwA L —HF =0 2D
ERIE, RIS 52500720, BIfEA Y — R, AN EDHE L v, FEEIME W2 &
DRELPEZHALTCE T, TOX) AEZMRL ) 2HEE LT, A, ATl 2 8k
L—HF =D FI~NDOE — 2 ML M2 & LI, 627 LARICERSLZ ETL —
PF—UE— 2O N2 BLAMICEETEX S, Foh 7+ b=y 7L —F =T34 ZO5E - B%
EiroTwEd,

M 1iE, ZAZFDHHANOE - ME2WREE 574+ b=y 7ML = —F 11 20X %
RLTWVWET, COL—F—Tld, —RTBET UV A REIL [T+ M=y ZiN] BEEL
BHERZLET ZWM7+ b=y ZfEIE BB FIRICEIICEE S 7281 2 LT, BRI
M, ZOMBEICERAZ G 2 72ME,S %), SOBMM L EZROMERIZ L - T L= =& B S 4,
PALEFHOHINEMF S LT EMRELE 2D 3, K212 COXHIBRER T+ b=y 7%,
WA AR 2 \ZBALT 5 & ) ISHEBEIIZIER, BREIEMEZ 24 v F o ZF LR E R L TwE T, [
BIRENE XIS, EEMOBSEMEZY ) HEZTHZ &Ik, LERICE—2Z2ERET LI L
WL E Lze BAE 2O X ) iz i@l 0 &, 2 RITIIZIAWHIPI TY — LB/ HER L —
P—F v TOEBNTT T, MEEIT->T0ET, /20 74 Py 7ML —¥ -1k, FTFHEATT
WU T ORI NERIED 7SOV 2 256 825 2 E B WRETH 5720, Stk W REED ) F 7%
EHEDT, BN v —HETNA ADEFANL R ST S E AW NE T,

SE K

[1]1 S. Noda, K. Kitamura, T. Okino, D. Yasuda, and Y. Tanaka, “Photonic-Crystal Surface-Emitting
Lasers: Review and Introduction of Modulated-Photonic Crystals,” IEEE ]J. Sel. Top. Quant.
Electron. 23, 4900107 (2017).

e

PN
33.9%33.9°

X1:8dAEADE —LHE%FeEE T K2: 7LATFNA RCLBE—LEE, BEIEED X
BEHIA by IERL—Y—, 1y FoTIC&N. HEFBROD L FROEEEEH,
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EHFEERILEERE T2 A 4T V7AW EHBEORELERE

TR ENLBIS (Electromagnetically Induced Transparency O % & - T EIT B1%) L1,
SN REIEARL THHRFRICBVTEAME SN TV LIERELFHLTH Y, T — 70 LR
NBHOWILAS, D5 —2ORP AL (2 va—k) OASICE > THETLELDZ L %2157,
C OBPLIIARD THROGEHEBEFHRTREZ ), ZAIS U THE L LToiiRd K& (BT 5, 2
DIEFTRO WAL ZAE BE R O 70 — 760 MEE (EMEIIIREEE) 25 LIRT S ERE 2 b,
E512, EITHROBWAZETCE D, BEP~E2R/AE L. L2 FORY 3 (4T 5%)
CEDWREICZR S, COFMER (a)-(c) W RT. 9. K (a) XHIZay ba— Wt AFTSh
TVBRIREDP SR T 50 22V AIRO T B —=THAASNT 5 L EITRRICE D 70 —75013w -
K LBEPZHETT L, 22T R (b) OXHIZay ta— Wzl 52E T, 7u—70
OFAEIZ 022D, Tu—7HIIEEPIRTFE I NS, €DK FHIK () ©kHicary bu—ik
AT S LT BITHRICE ) 70— 7503 TRV 2 1T L. RSN S b,

CONORGEEHER, [BAEY ] 2FEHTL250L LTREREHZBTI TS, Ll 8fE
FEWBIIEF RIS X > T—HICkT 5720, EEOFBEKTERTELZDDOTIE RV, ZhIZH LT,
ANLHTFREDVWZ DB AT )T NMICE>TEITHEZEHRT LI 10X, FHE EEOME
THEMEORGEEFHEDNTRICRDLEEZOND, XFTY TV ER, NRETHEBMBEOHEELD
LT /NSWATHEOESROZ L2 gL, FEHNT X D k4 REVERGEZ EITE 5 2 L0 O ERK
AR ENT WD, EITHRIUAHR DL 2 A ¥ < T ) 7TV TEIHINTE 7205, BHEEO A4
TEWILZFHET 5 L V) ARDOERTO EIT IR IEEIH I N T d oz, £ T, AR
BWHFERAYIT ) T VHICHAATLZ LT, EITHE 2 BEICHHAT L2 HEEZERLL. <A 7 0
THEBEDOR - BEOFEBMGEZT o720 M (d) PEOEBKRTHY, LEIZTa—TEOMT)
B, FTBRIZay ba— VoM HESZRLTWA, I ¥ b a— VildsER S Tw AR (Ons ~
30ns) O, 70 —=TWDIMII Do TWBEI LG5, THud, 7O—=TEAAF <7 T
BESNTVWEZEEZRLTWVWS, LT, 2V PE—VEIHAFIND L T0—THEPHAESIRT,
HHESELTHRIBERTWAZENSD b, SOLHIZ, FEFRDEIT HEIZ X 260047 & A
EAELFUFIET, ANLEFRTHELAZ<T ) TIVTRBHRZEBT L LB L7

avba—ib¥

EIT %5 or () F
(@) L i xs<ruTL
7o-7% | A s
[ml
%
(®) 1R7F
A = m |
T ||
AL 2 |
© A a | |
R— 1 ' ' ' | ) ) ) ) ‘
-60 -40 -20 0 20 40 60 80 100

KifE / ns

X (a)-(c) EITREZFALBEHEOBELBEDOFIR (X FXTVTIVERWEE
BRDRTF - BEDREIRR

2£Zk T. Nakanishi and M. Kitano, Appl. Phys. Lett. 112, 201905 (2018).
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[(KFT7 1 IV 2 EAVEXABIREES DS OERE R CIRBHETFE]

AWf7eE T RBBER R (LS Z2HwnH sy A 7T 50—
DLLT, AREFUHEIGEL T IVTY) X LAREHEE Y AT A
IZDWTHIEZ AT > TV %o IR DRSS O ARG 5 & W IR
W B LX) BRI T 284 RERPHEOND 2 EHHS
NTHBY, FERCHEBEMER, AR—VSICBI PRSI R
TWb, AR TIEZOHRTHOHBOFRKFHINCER L, FE
FAEMOX VL) BRI EZHE TE DT BE L H1 REIRES L ¥ ic L B0
cde | RIESR

DHIBENET A720ICHVONE L Y HI2id% L oz D
BH, R TIOLBRES L v 2 WS, 2ol TIE™1
DEITHEBIOEERE L., COSLOmELZNET S LICX DIREZ AT 5. MEHhiceEEh
HANET Y VPR OGNS 5 720, MAENC X ) IEOHEMAZALT 5 &, Zhiltbw
D REAZAL LNRB) 2 N § A 2 LS TE S, DY HENY FEIZL) PHICEET S &
T B O NZZIREE T S O BOERAES L 7D, L L. BB X 2 K& RAEH»INbD %
L U EDT I, EBIREE SIS A A0Mb ) CHABOHEEAE B EE 52 b, RIfET
XZFD L) BRKEREKREIDNND > 2B S BRI E R ETE LTV T) XL DREX 1T 72,

WRTFETRNFIANVT EFENETVTY) ZLEZRH L2 74V IER215R3T L9512,
B ORI L DIRBOMERSAZ LI L, COMRSAZRRIITERT LT VIT) AL THL,
MIZE D, —HEICR E KRB, 4 XM - 7B b KRV ZZRE Lk b TREE O B O % 8
BRI HZ e REE 2D, UNA MR OAEHEE T EHTE D, T2 RETFETIEIANE R L EER
BREFEIIC, Do BoNMEEE T2 HHT 5, KT 7 1 V5 OB ITHEE £ >~ O
WMEEOLILIZEY, KB ) 4 XL BMEERKOST I ENTE S,

12 NOBERE 7 — & % (P RATIREF U X 2 0B e B 2 550 L 7297, PRz 1.17 BPM
(Beats Per Minute) OEASELHEE 2 EBIL 72, ZHIIBHFETZEOME 128 BPM X W ERLEETH
D, FHEBEEICOWTHRTEICH_E 20 BEETH 5. K74 VT2 X 5008088 OB %X 3
IR FFOMBRIY OB L SEEMTEHINTWYS, OAKZHERSM & L CTIEMISEBIFTE T
WBHZ PGB, TS D AT JOSS (M) 25 —KEI R indfE e 2 L72BRIC D IETE (B
WFIERERHEE DT R TV B T LRG0 5,

LED  Ji&ibdEs

Fil:

REOHRFOREZFAT D | 7

EH{d17: A EE : 2 " "

HFICEHEROHTS PPN : il s

UYL TUSY: * '

BEBHICUTzH > THIF =il <

50 100 150 200 250
X =T e D))
K2 HF71IL2OBE K3 REFZICLZDEBHTEESR

SE X

[1] Yuya Fujita, Masayuki Hiromoto, and Takashi Sato: “PARHELIA: Particle Filter-Based Heart Rate
Estimation from Photoplethysmographic Signals During Physical Exercise,” IEEE Transactions on
Biomedical Engineering, Vol.65, No.l, pp.189-198, Jan. 2018.
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[RUERBESIBL —4—IC&B3N1 42822 F)

1. 8

ATGEER O TR H 4~ OREREHED 72012, B4 REREREZERE=Y—L, HHLLVEWV)
TERET, MITEEELZE =% 4y NI —2&HTY 57 MEREHT L4 22—
AT APRESNTOE T, LALBKRTIE, MUEEhTwE Eidnz, £ oty =35k
filt - 2T HUEND Y, PWEKHCA ML ZAZE L SRV H Va7 VARG Y > v 7ok
HOENTVE L, T2, BERESCERZSE TR, TRPEIHREEZ 794NN —IZRELDD, A b
VALK RS 2 EOTEZIIFEMOAMKERL v — Y AT ANOWFELE T > TV E 9, IR
TR NF Y=y 7R LT, @IRER I ERIATIRL - — %2 =L LTHY, HEHOES
WA 2 M AE DR D T LT X o T, LEEE WA O B EEE 20 DR BRI E 12 ) #LA T &
F L7

2. MIRF& - BRR

IR RO BEENC & 2 AMAERE O 248 & 2. @B FRE 2 780 3 ) P BIE L — & —
IC& o THEIEEICI A JFBUS ORI Y — U S0 MMBEHEET 2MEO 7 VT ZAI12X 5T
L= —E50o. WRES. DETEHEEL. PO T Th CBREOLIBREES ETY 7
WEALATHEEL T, UWIiE 26GHz 7. KIZ60GHz #7101 k7 4 7HeZ v CRBMGEZ 7
L7225 WEAELDLRRIZ & S IZIRM8 7% 7T9GHz Wi &2 FIVH L. €K 30cm FEEECTdH - 7= il 75 e % 7.5cm
Wi g5 &I, L= =Y AT AOKIER/NUE (BERI 1/10) ZFFRICFEBL £ Lz, DAk
DHEEREEN B R 525 ) A A% EREICHEEL, 1 B0 L — =12 X 28 A OLHARKFEO FFREE
MEFFEL T L7,

SEH

(1] ZEHRS: COL T L A1) ) — A
http://www.coi.kyoto-u.ac.jp/report_arch/201709_02

[2] T. Sakamoto, et al. Feature-based Correlation and
Topological Similarity for Interbeat Interval Estimation
using Ultra-Wideband Radar, IEEE Trans. Biomed. Eng.,
Vol.63, No4, pp.747-757, 2016.

[3] T. Sakamoto, et al., Measurement of instantaneous heart
rate using radar echoes from the human head,
Electronics Letters, Vol.54, No.14, pp.864-866, 2018.

[4] RARERER i, NRZEMZA O SR 12E H Lo
i%ﬁFy7§V~ﬁ’;6%%%DmﬁﬁM*;ﬁ?%
Bl 552w 3CaS, VolJ101-C, No.11, pp.412-420, 2018.

H. REMICH T 5RARBRER
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WREEEE, W S5, SEOdESTOIRHNIEE A3, BEEEOWBE I T %77
Fx & L TEAAARZ2—F VA Y b T —2 (Convolutional Neural Network; CNN) 2°H 5%, il
BARAAKREE T =) 0 I RBERHICLERICBARENRZDLDOTH L, BARAAREE T—1) V FEBOMAE
bk, VEAEN MR LIFRE 7 A VY —2FEHTE, TNELRICENRL Z LT, LEMGE
DA FERTE LD, —H T, CNNIZRESNLEREAY VT =7 RB3EBONRTA-FEHFL, Th
57— BRE Tl b T A 720121E IIBHOE Yy ZFF—=F OAae 5T, bz s by 572011
LT TH Do MAEDRBFEOFEL, TOEANLEOMREICEZ LN TWwEEWwosTHMETIE
e AR RHTHRBIFER L IO LW HEmRIEE N ZoN) 21— 3 Y3 L ORI DTV 5,
FD—D2TH5D, WOTHAER A v b7 —2 (generative adversarial network; GAN) &, kiles & Ak
BOMAEDLETH Y, BRI T — 7 ICHU L 7207 — 7 24K L. @232 0 AT 25l
F—=%ty bOPIZHLEDINET — 5 TH D0 LRGP ER L IBOT—5 TH LIzl 5,
CNOLZODFEBIISRE LTINFI—T oy ML TSN, ERE LT BRIk
D70 DIEALE LTHRIET A2 & 127% 5, T2 Tl LREOWRICEDSE EEDILDLOILO 7V —
T TS E NI RR DG D 720 OG5 B % Z O/ T 5.

SOV FEEMEFEMEEIC LS AR EORBYR S oE L, ;4 — ¥ — OMREETBILE
THIENTED, IR TIE, VFTABKRRTH D AN, v EBIRESREE 2045 [H] 5L
ELIEETF / A= PVOBER L P RWzo, BTHMED S O =Wt TS X % H geg (R 872 3R
HThHD, Yh TGz LChilagi (L7 2y 75— ay) 47w, R ET=R0C
B ET) . TORBIC, KRR ET, H5VIE. ZRITHEIGEA Y v 7 ETORT AV F—a >
WCBWT, ESET7T 377 Fx 2 Hvbhb, bivbiud, CNN OL EFEERTH 5 U-net &
gl LT, Bl CNN 2kl LCTHWS GAN # M2 U7zo e 3 B BEmes oo kot mifg:
ZATE LT, Z M55 %% 1
LT BN, FOBIZ, AT — 7128
By NFICX B0 E BT 5. kil é
. RJCEHR & A3 R O T AR
F—Fty MIEINLD. HDHVIT,
AT & D BRI AR Sz X
TTHAENEWHNT 5. COFFEITLD,
J 4 — 77 data augmentation 12X 5 ,
Ll BERETORIA YT ary  (K)
PUWEETH D ENmno7z (HX). Yo BIIHRE, (B) AFICLK37/7—23,

TR RIS XS & 1) A R 3 T 15 % B
Bl Mo =%kicom (FlziE, BEEIKAZEICTS) ik, EEoHOALZ ST, ko
WS OFONE L AEMEZ ARSI (27034227 FI 7 R) IZBWCTEETHL, EEFESG (22
Tl, ResNet D =KL TH 5 VoxResNet) IZX X, AFICX W iTo A5 —3 3 v 2
THLE)LRHBE AT =2 a UPUHEEEZONDLD, TIIWIEMEEYRD L. B2, BEFSH
WDOINT A= I PRI L W20, IFICI KRBT =5y PPRETH LD, TDZDDANFD
T 7= a R KRERAMEDN D, BN REFEERE. ZRICORIEEICEROLT ) T —
YarvEfTHD, LIELEblob BT —F 7727 F2EALTLE ). bhbhid, IKEGO=K
A L REFE &2 MAEDLEEEI 2 FREZHB L7z, ZRTEI IR 5503 % F)
ALTWwAED, EROT7T—F 777 " 2BRBT LI ENTE L, REFEHEOT ) 57— a3 v 2R
INNVARBREE L TELZAHZLET, PEROIMT—725Th, VoxResNet DFEHEI AT/
T a YEBOFRENTRETH )., HEL LT PEOIHT—5 Ly bHHTH, 7T—F7 727
DYV CHBIE 7 A VT =2 a Y EWREE T ARBFEGIERTE LI L0572,
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[F AT T DAY IV FEICEET 2%

USRS TR CAOBREIRT 7 A<, L IS E R 22w =9 275 X< OB LA
WBLCHE - I 2b—a v EEBRETOTE» LML T T,

TIATD N — T ARG UADEETIE, BIHHEEE TRTA2Z L ICX DV EEORVEIRT I X
YZEHLADLZENMETT, b= AMOPTHIIC M~ 7 RIBEEIINEEIA V& T T X<
FTREICEVENH R TI A EHLADE T, COBRBEZRELTEEI P UADWERENL L %
DETH, —F, BREEREXLLTELE TSI ARHADPAREIL > T LIV LADERTL
FwFEd, oD, BRSMEHET LI EICL) AREREZ#ITOORMEREL T T A2 H LA
DL ENRRELFEO—DOTT, & 213, BRBESMD N —F RO T/NE L %5541,
At e BIFOORERETH ) hOREMNO 7 A<M UADICEMNTH L L EZ 5, ITER (H
BT 7 9 v A F) TlENA 7)) v IR L ER, JET (BEE) . MAST (3, NSTX (kK
E) ZECTHEBREITTOONTVET, CINEOEBRTREHELNI R -2 EEF. P—FAD
LA CTR L N A VEEZFFO 2 2T, Z oI FMEE XTI A~ O LAk
W52 520, WAE, EERCHRESTTOONTHE T, TORE. AN HUiEEoREIE, &
BT O FHERCTH L VM INTE T Lz, . 79 XA~ ET Tl B 2 55 7 40
AL TH, MR L IR O —ODMSE LML L EERLE T, FL T BEDVERTE
BahTwa @I Ed, X1 o LB FE FEIEIEH oS EE £ L 3,

MHFRETIX. 2 OIEEFAFEDBIN 2 B84 2 B 2 BT S IERT RS S B Stk & BRI
P REROBME Y I 2L —3 3 YICE VRN TWE T, 2O, 2P o BB s, 75
A ORI ARG T 22 2O LE Lz, diH, MO~ 27 77 XA<0OM Liadid, il
T CHN D REEEZ BT 572010, WEEREMELVH IO L) REMABLO=MAFIES LE
TN IS DRHTEIRISH LTS BN R T W L 2 H72IR L F Lz,

Flux surfaces MU = 0.000[deg] Flux surfaces M{ = 90.000[deg] Flux surfaces M =180.000[deg] Flux surfaces MZ =270.000[deg]
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X1 BHEAGTFHEHAEAOKES I1L—2 a3 #ER. ARER (R6,2) M6=0k, 90 &, 180 &,
0 EZNZThOBEICE T 2HGEELZFRTRY . LRA/EXHE. TRIFEBXNHFHELZRL, 7
ZAYREDIRIERL TH 5.
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(v 7OEORFEFRAL 77X BEFEZEEHA]

AWFFEE Tl RN T & EBEA L OMEIEH 2 S - SEEICHIET 22 212X 21 ko AR
WCEFD I WRBEZ b 72 5 38R =R o %2 BIE LT, B\ X o THEK - IS 7B
575 X< DOH UAoMRE DS & B, 58T — 3 ) Wk E W - BB Y X 7 2 0B%, 7
I AL - BRI 4 VRARERICEE L2 T A< FHl L ST, HHE T L —FEAEKE
TAHEERE TR ZEHT 27 00EMEET Y — 2054, BUHER LAD LTINS FR0
NI DT 5 A= G REORSE L 2R E L TOIHOIEZIT> T E T,

75 AR DFHNTEICIZZE L DLORH ) T35, 2 TE~YA 7 afEz v [REEH 2onwT
THALES. ~A7ad - I)REIL—F L LTHHEERTERBEYND ), RETEFZITED
R ILED7ZOD I KL —=F—OREIED SN TVET, 7T ASDFHITIE, v 70z A
L, vy A T7RBEIFIINAEFE T ENTELIA 7 0BEZETAIILETTIARDETE
FEWCBT ATEMERAZENTEE T, A 7 uEPFHEINLIHHIE, ERETIATDT T AT
BREE A 70 ba Y HERE~A 7 0l EEEE ICHLZ L, o ERPLEHIETTIARD
REMZBHOWEIIE TSI LI2ED T3, EFREITINLEHRE— F2HVALAIL. BTE
FEAS 1x10° m® R OHE. kX Ka-band (2440 GHz) EMHEH 2 EBEATIC R0 9, ZEL
WAL T v T FICEET L2 EFTCORMZNET A LICL-oThy M T7ETOHMEZNE Z &
NCTE L7720, FEBICHIET 2BEONBEBOHEREHLENTEET, /2. Hy MF 7B TON
HORHZLZWET L LI VETEEOREC 7 I A ONiEHEZ S 2N TEE T, K4t
P AT DI HM AR O D 00, FEEIHEMR Y AT AEFTHAEL, BEEOEZHFTHWANS
BTFVA TV ETHIENTELI L LMD —DTY,

Fx IEE 7 T A~ EESEE Heliotron J ICBWTETFREOS - iR xRk 5720, ¥4 71
BRI O 2 #EDTEF Lize M LIEEEEF - B L7~ A 7 ORI O — D OMER T, #iuk
JAW B E 26GHZz 75 42GHz T TAF ¥V TE AL L)L, HEBZER, ~Fusf  Rikz sk
THMHOKRE S L EQIETHNDBMBTREZDIDELTVET, 21377 AV REO—FITYT, &
THEEND HREFEL 25 T AVEF—HLRADPREL 22BN I THBY)., 2% H-mode &
BEWATHET, 2O H-mode BRED L X2~ A 7 Ol HHFHCRHNI L 7288228 L Tw b
TENRbLRYFE L 72 AKOI AT 223 —HEEL, BB EROA 70z Vs S
ECHIEDIRED O LD TH L HBEORFINMBEEOFZ47) 2 LD WL 2 ) F L7z, 4Kk, =
DIEFI Y AT 2 D% F % v A MLz #D, 7 F X~ ORISR HFHNIC AT 2 FETT. 29
L7z5Hl Y A7 2 0% % L, BEREZR TP ORISR ITER R RO RGN OBk T 7
A= QYRR HIE T oM 2 O T & T,

J

Function

generator o vco Freq. X2 multiplier

Up-converter (2w +2 w,,)

Freq.[KHz]
N (]

<
(X
=12.90~20.58
lw ) BPF Antenna

Local oscillator
(wm=100MHz)@_

Freq. X2 multiplier (2w +2 W, +® )

(2w

ne —= ne[x 1019Im‘3]
ks W, [KJ]_——=

Plasma

@0 : .

=- |[—HALPHA7.5

Freq. X2 multiplier E n ‘ _HALPHA15.5/,,/«.\\
2) —— ~—

Reﬂectoheter 2Amplitude A

LO

“180 28(

" Timelms]

1. BEFELEYS7ORRHEETY AT LBEER X2 KEETEHEIL BB ORERE
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[T XTADRFERLZHEL (TEHEET I XY EERT 3

72 bOMRETIIT I XA~EBEE [ANVF ra ] 20T @5 URAD LRI X ARG
T A DOREBENREE L TET, BRNICIEZ TS A~ 25 - BEETHLADLHOTEX DBAE
tr (BN OREILEITT->o TWET, Rl L) DEHRT 2720121377 A~ Ok % <25 W%
BBV FTH, ZOHELELT, 7IAXLBAERWMAEAO L) ZWEEFAL L, HE - E#E - =%
VEF—DBRFHNZIE D Wl TR 2 2 & T, ZRZPRoEkRoE (WEREEs) M5 ik
BHNET, EIATEHRDT I AT AZTEATLE, EDXILIEPRIDLTL &9 Do
B—1iE, BB RE T I AT EDEETHETEBL, A4 - ETEEOWINCFSLET. 2
PSRBT RENOEEIZHYS L 4. TTPEBRICIE, MEOHRIE, 75 XA~voimh (iH) 257
ZRE GEBpmdmL) . EEE - B - RIS FEICL 5 T AV F RIS RET 5720, HIC
TIAREE R PIF 57201 B2 G TIUERVWEWHIRTIEH ) FEA.

ANV F A ] THEARE, SEEE NV AT AT L) IREHMIGIRTE Vv EERE T T A< DR
WKL E Lze COHETIRECEER (15 I V) 210, @% X ) B VwiREHLG 2 5 2. 2otk
PREL OG5 1E T2 HETT (K128 BEMHGTIZ T 7 A OB FEEIIINL £ 325 £k
ERIZTIAROERTANVY— (RELBEEOR : 79 AEIHY) 255 TTFHh0 9, HEL
D5 EMMOERT AN T -2 KIFISBZ - EERE T I APERENFE Lz CONET7 =2 —X
WZBWT, BEMUEZEIEL Th I3 2 0b o THENEMT 2L wHIBEIBHIEINTET, &
DEE, TITARORFBIBT, (1) BTHEEORMARSZETHL 2L (K2BH). (2) BHME
FEHH (Raf FVER) OF 5 AREEOAED AEICRL 2L (3B 2bh) Lz, #
IO GRS AL B L, T APICRET AERICL MO A4 XAVNEL 7Y, ELik
WK Lk 2 T 2580 D 5 2 e TFRENTHE T JIOFHID S BB OB 15, 7%
BT ZDEEDBEITD 1 o722 Db h > TEY) ., REMEEOHIEAS, R0 2k 812 X 2%
FERIN720 T L FEECORMEDITIAE ) OB L & A A, KR E L TRkt L
LRI NTET, — AT COFETEEVERIANT—ORELEMFET 22 EHEL L

THED. EMOBEHGGTFEOREZ O TVWE T,

EER N
X. Lu, S. Kobayashi, et al, Plasma Fusion Res. 13, 1202077
(2018).

YAG-TS
—~ 5l  m_ = After HIGP ]
7 (a)
c)E —— Total E, Low density]
o Just after @ 4 v wpenz
= 2] & -ve, i
E AT ‘OE‘I)EEO'"“""B--;. g o] @ Vet = : oo T g
= of __ Before HIGP. ~8~-.] &2 B
-4
A0.4 L 3 %% ®)
%) $ [ o ;L;t/alEé High densit
3 g2 P ggmmu’n Gl
|_°’ 3 ofl D Ve W“vvvvvv
& -2 v
- e A 05 0 05 1
200 210 220 230 240 250 . . %0 02 04 0.6 08 1.0

time (ms) rla v/
H1. BEEENIVIHINT7EE K2 GREHRN7EE 3. (a) HANTEHH LT (b)
AWERERF. CCTne 3ETH AUV EHREOCEFEE-RE BRICHIZROMLILFRAOS
EFHE. WDIA BRI Z V¥ —, EHF. 5 X T HROEH AN,
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[FETZXYNTIVEHEDH #ZENICEEY 2%

Rl 7 T A=/37 (Equatorial Plasma Bubble; DA% Tl EPB) 13, IKHE S X O EBEEE TR
T LN EREHS D 1 > Th b, EPB L. EHEE F HUIROEHE 77 A~ D= Z @I EEL L,
B 1000km ¥ TREICKE LoD AT B4 THLH, VHF L—4—I12L 5T, EPBICHE TS T
SARDOABANMEDR S DRV L —F T a—2ETEX %, MLV EPBIE, #HED S E~DOEIRERE
WG Y v F L= a vy &R L, oMk EE Y A7 24 (GNSS) (2L A%k %
&I,

EPB Ok A /7 = X A 1&. Rayleigh-Taylor DA L - THH I N5 BB EROER? O
EPB 23543 57005 M41%, 1) BEESESBWI L L, 2) KAXELOMMTHL, TNHO5
5 5. EPB OB IZ% { OYA F HBEEOH R TH S, —F. EPB MBlOFHELIX. T
BUSIR D BEEE ORI EE RIS X > THH SN D, 2 F ) HEBRIMBREFEITTH D L &, KN
XEGORRASH R EFEFIC—FIZA L, EPBHBBHENEL b, F724 L OMfRICB VT, EPB
BAEDKR/RENWICLAZEEZRBLTVWS, L2l PERKRTOEN S, S EPB B TOHE
O 7Ot ADIFIZIZ, EORAMEVVLETH S, AWZEIE, BllE T I —3 3 Y O/MAE
bEIZE > T, EPBREAEOH AL EhHERRKOEE L OBBROMPEZHWE Lz, DI,
Ogawa et al. [1] I & 2 BATWISEDEELTH H %,

EPBIGEIEDIRIEIZA © FAY 7T TSN GPSBEDO Y v FL— 3 VRES4 & L7z, kR
KIZOoWTIE, BEHEZ SCEHIFAADY I 2L — Y 3~ GAIA ORERESEZ w72, 4 D%
POMROLNTH LWARIE, 1) EPBIGENE & R R & OMBEBEERA VIl shs 2 &, 2)
EPB &% HIZIZAinE X AR OIRIEA M X 5 2 &, 3) EPBIGRHICA SN 5 KRB OB KIX
BEEEIC B 5 RBBERBI OB EHEMU L TWAEZ e, £ThHb, T Hid, EPB & RA DM ok
G LD AEICKFET AR E o722

SEW

[1] Ogawa T, Miyoshi Y, Otsuka Y, Nakamura T, Shiokawa K (2009) Equatorial GPS ionospheric
scintillations over Kototabang, Indonesia and their relation to atmospheric waves from below.
Earth Planets Space, 61, 397-410.

[2] Yamamoto, M., Y. Otsuka, H. Jin, Y. Miyoshi (2018) Relationship between day-to-day variability of
equatorial plasma bubble activity from GPS scintillation and atmospheric properties from GAIA
assimilation, Progress in Earth and Planetary Science, 5:26, doi:10.1186/s40645-018-0184-7.

correlation between T and S4 GAIA T S4 high&low
46 40km 2003 UT=9:30 05 5 2003 6-hour section =1
0.4 --+- low lat +4
—— high lat +4
] .l 0.3 5 igh lat +
19} Oz 3
2 0.0 2
© -0.1 g
-9 -0.2 £
()
-0.3 =
-0.4
308 56 84 112 140 168 O 40 60 80 100 120 140 160
longitude Longitude (deg E)
GPS S4 #EEMH 4« NDZEE &L 2hPa (BEEKI 40km) EPBERBICH TS GAIAERE (&) (3.
D GAIARE L DHEEIZ. P BV -EKEER EPBRERHDT—2ELRBLT. BEH
HOEHEEEE (D] TRY) 217 BE. FEDIESDEHNEKRT B,
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(L7 TFFHhonEREERFEFRALAZL NOT ALY T4 T AT LDOHE]

WHISEE TlE~ A 7 B % W72 BRI R R E MRk O RRE 21T > TH ). HELNEHRE
D—2L LT [ZBEYAT LADFIET 5 HINZIEMEICHERE NI REETHI L] 238 Fo5Nh5, O
FEEORIRDO—2 L LT [LhaF 4 Lo T4 7] EMENLFESH S, LbuF4L o547
i, ZEIATLAMPHLEBY AT MM 0y MEFERY L, REI AT 2T fay Mg
FOFNKF M EM S POFHETHEE LT, S 0y MEBFRFINICEE (74 7 0 EREI %D
B~ A 7 uiBEN) 2E D BTHMADZ L THL, L ETF A L7 T4 TEMET LI M0y
MEFHUHE B, UMRETRILV Y TF (BT v 7 F +EiblEg) o%ibk o RIS
HLT, BiRhgECRETZEREEZ Moy Mg L LTHHLZZL T A LY T A TV AT LD
WFeR3E %47 o720 L2 T HICEBRENLIA 70BN EZHHL TS ay MESEERT 5720,
ZERIYATAMIZE M 0y ME T HOREREFSLEFIIAELTH S, /o, FPOTATLLLT
RF-ID ARy 7 AF v v & HRAMPHFAET 575, SRS T 2 TIP3 800 0] % LLRE O #2 B [l # A3 42 €
ARETHLEICBOTIHEFCHELZL POFA LI T4 TV AT LARMETE S,

FEBIHBE L BRI L v F 1 L2 T4 TV AT AOERBGEEREE X 1 EIRT %
BY AT LMIIEEE 245 GHz TO2H#TTL—=T7 5 F 2 lwize £T7 v T Fhbn~x A4 7okl
JNE20 W e L7ze REBYATLAHDDS 46 mBENAEIPEESAR=—VT VT F2HT 5L 57
ZREL. L2 7o NERENAFHI L. —H Ty L2727 F9 5 HRE SN S EEEK 49 GHz O
TRERBE ORI EHEE L FISRTIMEE Y AT AT, THEHEICK Y 2ETOEREZET
YT EOMHEEZEIRFHEET -5 L LTHIOL, 2079525 BT L—T v T T OEKET DN
B 7 — 2 185 %, DLEOMBIZE Y, SiEoFRAG T bbb L 7 7 F 0 F- 8T 5 H A<
A7 ar HEIMICKE TS 2 L REE 2 b, EBFHREZN 1 AIRT. 77 7 Okl X OEIX
EFNENERT V7T FOHFMBLIOVL 2 FFTOMNERENZRT. LD [E—2fl#iZz L] &,
KRBT V=T VT FORETZRMHTHHRES /2L ZOHEETHY, XBETL—T7 VT FDOE =211
F ML TELDOTH S, [TFEHE—2H] &, BiEGZRESELBICL N TS LT T
AT AEHCTIZ, L7 T FHANOY — Afilill % FEICARREM L 2%E5D/3% Y Thb, [L +a
TAVIZTATIVATANIERERBEL b a T4 L2 T4 TV AT AEHCTGEONRY Y Thb,
EBRREID, LIETA VLI T4 TV AT AGTFEHE—AHIEE RSO — 2 8/E2 HE) TIT A TH
0. SHRETZEREHIEL Y71 Ly T4 TV AT AOEHFEFEICI L7,

10
4.9 GHzEIE A ] ﬁ E
HERT L D g 5 | oo Errm@?;f}ttbo
RN ﬁ Q|\ R0 XX X
ihg % X %
e oo | X
-2 ‘ﬁ m AN _ X
T 3 f_ﬁ X X £ — LIEEE L
4 +Q S y
‘@Ni %ﬁ k20 |y Di@EJAﬂﬂ_ ) X
\ O =0 oLrRATALITAT
2RFREETL— 7o T\ ‘
% o | A 30 20 -10 0 10 20 30
(2.45 GHz, %&20WH 71) = BN SET VT OAME ()

K1 SREEBEHLMOTALIT4 T RATLORBRIERREE () $LUERER (B)
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[ Performance Modeling and On-Chip Memory Structures
for Minimum Energy Operation in Voltage-Scaled LSI
Circuits]

(IRBEEMNBEONE T 2 VX — /ML 720 ORI
BEFH L+ v F v 7 A i)

[ Entity-Centric Discourse Analysis and Its Applications ]
(Z¥ 74 7 42 H L2ZEfT & 2 on )

[Study on spin-charge conversion and spin transport in
two-dimensional systems |
(CRICEBFRICBITH A VEMERS L A Y Vfkic
DWW T DFFZE)

[BEEJE A IC L 2% 3RIT7 + b= v 7 GBI
B3 % 1f5e

[EYVERE DVEBERIE I W B B VR — X FHZ#EIL L 72 25
B A B o] i

[ Exploiting Multilingualism and Transfer Learning for
Low Resource Machine Translation ]

(L) v — ZMEIERIC BT 5 % SEEM L BBFH OIEH)
[Coexistence of Wireless Communication and Non-
communication Systems |

(RIS K OV IEEAE ¥ A 7 & D3LAF)

[Field Measurement and Analysis of Next-Generation
Optical Access Network with Optical Amplifiers |

b7 v 72EHLRERET 72X 4y P T -2 O
74— FillsE, K OfHT)

[ Camera Calibration Based on Mirror Reflections |

(BRI E 2R LA AT F X ) T L= a )

[ Mid-Wavelength Infrared Thermal Emitters using GaN/
AlGaN Quantum Wells and Photonic Crystals ]
(GaN/AlGaN ®TH T L 7+ b= v 7D SRR
IRV SHGIR O B 5E)

[ N4 ORI EFRIZHE H L7 BRBEEEATEN A D 720 DO TE i
JAZHA DG H

[ Polarization behavior of high-T. superconducting terahertz
emitters |

(BB (35K 7 F ~ v SER O e B 5 2 i JE)
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[Performance Modeling and On-Chip Memory Structures for Minimum Energy
Operation in Voltage-Scaled LS| Circuits]

(EEEERBRROHEEI XL —R/IMED - DFBIFMEEETFRIE A > F v T AED
BE

T 29 % 11 B 24 HIRE

THHGBERM OEE L BELZ T RIS, BT AV ¥ —7 LSI (Large Scale Integration) ®OFEHATKD
LNTW5SH BEME D IRWEFRBEE (B 21X400 mV) TLSI ZEfE s8¢ 5 2 & TRIBICHE T AL ¥ —
ZHIR T & %A%, M EER E SIS C U PHEAR I T A3 % LSI OMEfIE S50 E B L THE £
DAMET T 5, BRIV ZHRALZVSATANVF—EE2 EB T 572012, KEBEBERBOMEIES
DEDETFT IS TH Ho KL TR, TTLUFO 2 EITHY fA, KEEREEOVERE T IVE
B X ORETEA BRI M A 72,

R ] MUREIEBET A LSIDZOORIEIESDOXETFIV: M v VR ¥ OBEREHIEL D X1 X
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WD E, WNBIER DA OMFHERZBER AP T 2HERBEELRE LA (K1 “Analytical
Model") o #EEETNIIHEDE, Tut v SO L 754 VEEP, KHETHRRLF v F v 7 A EY
OFAM LN Z G, MEESFE T (BEAKICH U CERIERE LM THROEE) 2Emd b
EERBESEZBH S22,

o 2. MUKEIEEEICH#E LA v F v T RAEY M — 0 % LSTISH AR I TWw b SRAM (Static
Random Access Memory) &, 7B 7 ETEZRME L2 AT RETH 5720, MALETEFHIE TRl
YE5 HMEZIZ TW5DH, SRAM oft%: & LT SCM (Standard-Cell Memory) DOfFez 41720 A%
YE—=FEIiE, K2 (a) DE)ICEEPBBALENTGmITS—FTHY ., T 1 V7 VERNEOIEAR
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DEEILS5DE 57 (PDF), BREE 400 mVe b,

41



No41

3 B (BEERER)

[ Entity-Centric Discourse Analysis and Its Applications]
(T 1T 1FB U LREEBIRE ZDICHA)
ER29%E 11 B 24 HRE

Discourse analysis is ! Ao Encoder |

proposed to address various . Once

. e ,upon | upon
problems relating to building . B o
meaning from a piece of text. there i . |
It aims to extract the l, ki Reconstruct Sentences ~ Once upon a time there was a
information carried by a sine Entities princess who lived in a high
piece of text and present the Word > f— = tower and she was not
information in a computer- (Cprincesse; J(_tower e, [_mother e3 allowed to leave because of

her mean motbher. ...

understandable way. We
propose a bottom-up analysis
scheme of discourse ———3 Back Propagation
understanding based on - Generation
structuralism. The basic idea Figure 1 Recurrent Entity Encoder

is to draw meaning from
discourse by identifying the
components of discourse and the relationships between these components.

Discourse corresponds to scenarios in real world. Every discourse unfolds around one or several
entities and describes the state of each entity and the relations between them. Thus discourse
analysis equals understanding the states of entities and their relationships.

This thesis discusses the problems emerging in conducting bottom-up discourse analysis, including
identifying components of discourse, analyzing relations between entities and building meaning
representations using entities. To identify the elements in discourse, we firstly need to collect all the
entities, both explicit and implicit ones. Recovering implicit elements from discourse is referred to as
“empty category” detection. We use a neural network to encode tree-based features into a dense
vector and predict and recover empty categories based on the vector. After collecting all the entities,
we develop an entity-based meaning representation model. The proposed model encodes information
into entity-centric representations. In contrast to most neural network models which rely on an
encoder to represent text as vectors, and conduct reasoning or calculation (question answering/
translation) using the vector representations, here we focus on using entities to represent meanings
of text. With all the entities collected in text, we use a recurrent entity encoder to regenerate the
text. The loss is used to update the states of entities so as to encode information contained in text
into entities.

These entities and their states are then passed to downstream tasks. For example, In machine
translation, the mapping of entities across languages are less volatile, say, mappings like “I- fA”,
“apple- #48" always hold no matter how the context changes. External resources like dictionaries can
be used to assist the mapping of entities across languages. Other information like the relationships
between entities are subject to change. We use an additional relation vector to represent the volatile
information. Translation is conducted from two different aspects, entity translation and relation
translation. The proposed meaning representation method can also be used in other tasks like
question answering as discussed in the thesis.

Our proposed entity-centric representations aim to map discourse to real world scenarios. It helps
build strong and robust representations for “general-purpose”. Besides, since most knowledge bases
are constructed as entity-centric, these external knowledge can be easily encoded into the proposed
scheme. In the future, we will focus on improving entity-centric representations using external
knowledge and the interpretability of neural models toward better discourse analysis.
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[Study on spin-charge conversion and spin transport in two-dimensional systems]
(CREEFRICHBITBAECEREBRS LV IAEEXICOVWTOHR)
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[ Exploiting Multilingualism and Transfer Learning for Low Resource Machine Translation]
(EVY —ZAEWBIRICH T3S EEBEH L HERBRFEDER)

T 303 A 26 ARG

Machine Translation (MT) is an application of Natural Language Processing (NLP) that focuses
on the automatic translation between languages. Even if a language pair is resource rich, the amount
of data, known as parallel corpora, for a specific domain is rather limited. One solution is to develop
techniques that can leverage the data for several different language pairs or domains to improve the
translation quality for a given language pair or domain by transfer learning. Another solution is to
develop techniques to obtain better translation system using no additional data and instead rely on
multilingualism as a form of redundancy.

While most research works claim that multilingualism is important, they do not explore more than
two or three languages at a time. Although, it is important to design and develop techniques that
improve upon existing models, it has been observed that black-box approaches that rely on simple
pre and post processing tend to work as well as other sophisticated techniques. In this thesis, we
focus on leveraging the power of multiple source and pivot languages, multiple domains, monolingual
corpora and linguistic redundancy in Neural Machine Translation (NMT) and Phrase Based
Statistical Machine Translation (PBSMT) settings to improve the translation quality in a resource
poor scenario.

We begin the thesis with a history of MT followed by a literature survey of PBSMT and NMT. We
then perform a case study of Japanese-Hindi translation and show how using multiple intermediate
languages in a N-lingual corpus setting can help improve the quality of translation. We then address
the problem of noise in the pivot language setting by statistical significance pruning followed by an
efficient post processing technique that relies on features obtained using a deep neural network.

We proceed to first develop simple but effective transfer learning techniques to develop a single
translation model for multiple domains for a particular language pair. We then attempt to leverage a
resource rich language pair to improve the translation quality of a resource poor language pair. We
exhaustively experiment with over 6 resource rich languages and 7 resource poor languages in a
number of settings which include monolingual corpora and quantitatively show how using related
languages is important. We then show that multi-source MT, a special case of multimodal NLP, can
be done by simply concatenating the multiple sentences instead of modifying the NMT architecture.
We also show how the multi-source model can be used for transfer learning.

Because NMT architectures are still evolving, our approaches will act as a guideline for studying
the relationships between languages as well as promote the development of multilingual resources.
Following a listing of the conclusions of our work, the final chapter gives an overview of the future
work taking this point into consideration.

Multilingual
corpus

|
\

Multipivot R Pivoting, Pruning, Fast Domain Transfer Learning Black Boxing
Approaches for for NN Reranking for Adaptation with focus on Multi-Source NMT
Low Resource Dictionary s Language and exploiting for
SMT Extraction PP Relatedness Transfer Learning

Towards robust frameworks for Towards exploiting most relevant ;%ﬁﬁ;%ime NLP

statistical machine translation by data for high quality neural machine applications and
effectively using all available data translation blackbox reusability

Figure 1: An overview of this thesis with its implications on the future of MT research
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[ Coexistence of Wireless Communication and Non-communication Systems]
(EIFBERVIEREY AT LOHTF)

TR 30FE 3 A 26 HIRS

ARG TIE MRS B O 85 BEALISPE S IR0 7 MEARRE W BOR oM E 2 B E 2. R EGT IR OR)
FHHIHENE Y TS, BARWIZIE, BEHREE R OIEEE Y A7 20550 CURERT v A v &2 FIH
T HHHREO T, 2 FE O RGBS HMNIZ B0 2 A OWTEm T o0

Bk, BV EDONy FY L AbE HWE LR LAN RO~ A 7 0l#ETH 5o Ak
BT, YA 7 uEBENEEROER LAN 7= S k%l —F v AV ECTHEAT 25522 LT 5,
AL TIE, B LAN RIS L CRE~ A 7 0ilA g S h s 2 LIRS 2 TionbEs HigiZ, 2
ODOFRERET D £H—OREILZ. MY AT LAXRSENGERNTL2A7 V2= v 7l ThHb, R
FHRTIE, EHEEHNOF—7 7L -2 R0V —a2 0 7L — L OBRIEREPEEMEIE LTS, 5
TOREIE. RMEWRIC L DB SNFHEICIE DSV EIG L — Mk Th D, AFRTIE v A 7 odkih
BEZETHIHBCTOMAAEIN L7 T FRTFEHACTEY, FHIBRICHIR LT =2 7L —24
BERFEOBIEHEREZHCCTROEEL — P ERET S5, TNOORFEICH LT, A 7 0P Bk
W= TR H O MR LAN B3R ICHE~ A 7 0k 2 i 2 EB2 ER L. MEEE2 7> Tw3 (K1),

B, 5 HBEEE Y AT AT OF — 7 N— 2RI ORI TH b, T 2 TR E
BREO ZRAAED, L —FEDIEBREHNEO—RAFEIEH ) U TONERF ¥ AV 2 T 5,

TR ZIRFVHE O JFWEBEH 2 5 U — KA E B ICH © & 28 aRIcEH L. —&
FHBEDPZRAHE» S OT %2 —E L EWELT &3 560 T T, PO %7 & O HHi 12 B$
% 20DBETRZFERL TWbo H—OMENIHHMEFIESER 7 L — 47 — 7 RO TSI a5 12
DVWTIIRLAZETH )., B OMGFHIAERE F 72130 T RO ZEM 7)) v FE A X 582K
DOHUFEIR D EFT T FEIZOVTRE L2 ETH D, WTFROYEIZOWTH, —RkFHEZE RN ET
% 2 WA RE L, 2O/ O KA EHEOEBBEDRT Y v HBERTH D LMEL T, —KFH
A DZT 5T WET) % MR LT\ b BRI, SRR ET 5 2212 D v TR -
ZEBL (M2), PMFEIROZFHIH D F— 2 X— ZADEMA M TH 513 L, Pehsimz S %
FFCEBLZLARLTV S,

EBT TS

1 #ERR LAN 28 (Cmlf -7 1 7 QRS EXRR 2 BTy NICxHT 2HHbERERET ORER

47



No41

7 2 # (FELEBHER)

[Field Measurement and Analysis of Next-Generation Optical Access Network with
Optical Amplifiers]
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[Camera Calibration Based on Mirror Reflections]
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[Mid-Wavelength Infrared Thermal Emitters using GaN/AlGaN Quantum Wells and Photonic Crystals]
(GaN/AlIGaN EFHF E T + b2 v 7#HRICE S FERFIBHEF LIREORR)
TR 30F5 A 23 HIRS

A lE, GaN/AlGaN B FH T L ZRIe 7+ b= v Z#EMEFIHET A2 210X Y, Hk BRI
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V& 700C & W) BB W THEIEL 72,
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b EFEH L (K2),

3. BAEEST R EE AN AN E ORI 35 Z £ 12 H L,y GaN/AlGaN & o&E 1
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[Polarization behavior of high-Tc superconducting terahertz emitters|
(BREEEET INIVYREORIEFEICEY 2HR)

T 30E9 A 25 ARG

The terahertz (THz) frequency range (100 GHz—30 THz) of the electromagnetic (EM) spectrum
has attracted a considerable amount of interest in the recent decades because of the numerous
vibrational and rotational molecular absorption lines it contains which are used as marking regions in
spectroscopy applications. Since intense terahertz radiation was achieved from a stack of intrinsic
Josephson junctions (IJJs) made from BisSr2CaCu20s+s (Bi-2212), many studies have been
performed to enhance its performance. Where the state-of-the-art Bi-2212 based THz devices are
having the features of being coherent, tunable, intense (= 130 x W), and compact (< 100 um?) with
an operating temperature in the cryogenic range (= 77 K).

This thesis aims to conduct an experimental investigation of the polarization behavior of Bi-2212
based terahertz sources and to attempt to achieve polarization control over the emitted radiation.
Furthermore, to explore the electrical, and spectral characteristics of the target geometries, and
discuss it with regard to the measured polarization and electromagnetic simulation. Three types of
mesa geometries were investigated; a truncated-edge square mesa (Fig. 1(a)), a cylindrical mesa
with notched sides (Fig. 1(b)), and a long rectangular mesa. The design method and
electromagnetic simulation were discussed for both first and second mesa geometries. All mesa
geometries were fabricated and characterized in terms of their temperature dependent c-axis
resistance, current-voltage curves, and detected THz emission. Simplified polarization
characterization method was used to study the polarization of first and second mesa geometries
resulting in a circularly polarized THz radiation with a low tunable axial ratio (AR) for both mesa
types, where ARumin = 0.2 dB (truncated-edge square mesa) (Fig. 1(c) left), and ARuin = 0.8 dB
(cylindrical notched mesa) (Fig.l (c) right) tunable in frequency ranges of (0435-0.457 THz) and
(0450—-0.525 THz) respectively. A more comprehensive approach utilizing Stokes polarization
parameters is used to study the rectangular mesa geometry, to unravel the effect of thermal
unbalance (hotspots) influence on the emission and polarization. Contrary to the common belief, the
emission of this geometry under the mentioned condition was found to be partially polarized with
varying dominant polarization components (linear and circular). Possible applications for polarized
terahertz sources introduced in this thesis may include circular dichroism spectroscopy, high-speed
telecommunication, and polarized biomedical imaging.
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Fig. 1 Microscope image of (a) truncated edge square mesa, (b) cylindrical notched mesa. (c)
Polarization properties of (left) truncated-edge square mesa in terms of axial ratio vs. applied bias
current, (right) cylindrical notched mesa in terms of axial ratio vs. applied bias voltage.
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