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PEBR L. XV ERe =%ty — U RBAZFRRIZL TV 5D,

556 B CIL, mEBEIN A T ONLE LS E KRG T D3 RAVTREEZITUV R B RIFHZ =R
TR E RS D PIEEREB L. ARV T EIEHL TE—a v 7 7 —0dh D A HEE)
OYH R EBELEHCTEL L ERL, TOMREEAIEEZRIEL TV D,

BPBICH 7 IR, A SCORE L fbima £ & o, TRREAN O EH A O FREMER0A5 1% DO RFSE i
22OV Cafam LT D,

L b, ARFFEIE, mElEE T 5 A X b= A AT ONERE - BIFFRERB IO, 2T LD
SWRCEER TR A FICIREL, ToENMEE R T VO THY , TR ERSTDHEZABD
AN

LoT, KmXoFEHIIHEL (L) OFEZTLERBHL LD LBH D,




HEE H % 6316 5 K 4 A ZE

F i CE 4
Cryogenic CMOS Low-Power and High-Speed Successive Approximation Register ADC
for Scalable Quantum Computer
(R —F T NEfarya—%—MFD
MR ENFE CMOS {KFE /) mnd Bk LR ADC)

BB a—2— (QCs) T/ IREA RS 2 ATREME A FF > TV D, BR Y PR S
I Ba—F— (FTQCs) ZEHT57-0I121L, &FE Yy hOTT7—R &2 +IR Mz H0E
DD, BMTNOEA UL EOETE Yy MAWEL 725, U, BHRE (BimK) T8l
ET2ET7at vt b X —T 2= 2T 57— VOENEMNL, BTy MO
RNVEU D, 7r—7 VRS T7-012, MYEIRICACE A0 500 [BIREIE, WEBES ORI
MO EES (1 BFEy M0 EmW) TEIEL, BFE Y oot —L o AEFEOHIKY
MO LG 5% EH (3 HMS/s~ $0GS/s) (2T VX VRS % A/D 28 H#ids (ADC) DB L
72%. AW, WMEIR CEIWET 2 CMOS BIRIHE 170> Ol EHD SAR ADC DFEBUI[H1T
THRAOG &G R T T2,

H1ETIE, AR R ThARTFa L Ea—2—ORE, BIUOETE Y FofilfH & i
HLY [BIFE DU THERR LT,

2 =L, IR CMOS T3 ADEREIZ DUV Cl7=. ADC 7—F%7 7 Fv—%H3i L
1%, ZAF I v 7 ar RL—F DM OWTR, RIS & IR OEMR & dim L
7. =%, MRIEFREICEIT S SAR ADC DAA T 7 R OMRAIZ DUVl

%3 ETIE, EEOEEET) 2 B AT I vy a N b—H R L. VTR
BA T 7 T A W CEEE ) ZHifI L, StrongARM 7 v FZ24EATHZ &2 LD
HI B HINSET-. T v FIIASTISTIC L0 BEERIH Sni-. 7=, fBhAS~<T
ERWVCHSE S DIaginst, 7y FolErm LS, #EtLiza XL—2Y, B
IR 41%05G5 S, THEEEI 1D STVl SV, 7=l S8 U7 e e 7 U &
V) [EIEEEREH T3 DR B & R - BB eak G e 5 2 BT,

FABETIY, FALT—AT 4 T AT Iy /BT T 7 (DCA) N—AD=a L3
—HERE LT, TA T —AT 47 DCA X, U — \Fx U Z2ELERE L THW TR
SCERIE RAA U ERL, 3EF— REENIH T AMMEE XA T v 73 T A LT
Z DIEIZ & 0 HREBALDNERI S I, XA T v 73, T AL D IHEE MR S V. £z,
IaARNT Y T T e ANTTA VRN T—A RSN TWD. RLA - —REEOHIEZ K
XL TBHZETINRS—LOASTEWERRAZ TR L=

5 ETCE, TRAF—LROE T T — REELEHNH (CMVS) A v F o 7 k%
FEEL, 10-bit, 60MS/s @ SAR ADC Zi%itL7=. CMVS AA v F 70T, ek g
LT/ —{HE% 92 %Hl L, = F— NEELEE Vop (25 LT 16.6% LA Rz 5
T EEER L. ZHUZE D, SAR ADC OFREENM L, 2 /3b—& 25 i mMERERk
BWESHD Z ERAREE 7o Tz, @%ETL72 SAR ADC 1%, 4 K C 14.15 fl/conversion-step DFIFEAL
MEREZER LT,

B 6 ETL, FECTELNZNEET LD, RO DR LA R LT,




EHEDEE

WEE T %6316 & K 4 H i

AMCEAMEYNE . A B2 B FE RN A % Wt (T5) A8

Rl AL B2 EFE RN A % it (T5) ¥ ez

BRI AAEREAD W (D% 5 KRR

BERBRNFA EHR THE+L KEF el

Tt (L5, &k (%) B FEEERDOFPAGE KL T Cryogenic CMOS
Low-Power and High-Speed Successive Approximation Register ADC for Scalable
Quantum Computer (27— 7 7V & 12 ¥ o — X — [T OKIREIE CMOS (X5
JIE BRI ADC)) EBEL, 6 EMDOAER STV S.

B2 o — X OEMMBIZ AT TEAFES R AIER I L TSy, Ar—J 8
U7 4 OBENG, FHIBRET ALK ERET Py MEWEETE Y FO&ETFIR
REOHIECH AR LOTHO= L7 ha =27 2% CMOS [nl# CHEFREL L, KR CH
TES® 57 74 4 CMOS £ O BEEMEDRHE LTV 5. ARG B O B EIRE 1 OfillFI D>
5, 7744 CMOS I IIMRORIEE E ) CERMEE, S FEEEREkI 5.
T2, WKIRICE TS MOSFET OFEOENEZEBE LGt RPN ELE 70D, AL
%, B Ey ORAN LEIROPR CHEERFK 7 7 v 7 Th 5 EiE ADC OFXEHT
BIL T, IR~ U7 LADIRECTENEZ S AL E0OMEE DMK EZIERL, LA
TUNFEORBELEL VI AL —a  TEOAIMERET DL AAME LT
W5,

F1EIL FmChOMRolmzsikXTns. MUtEobsE a2 BEa—H
FHLOFE &, HIfH, HEAt LEKA~DZ 7 A 4 CMOS it o I B87 2 A 55
BTN D,

%2 BCIE, WAKIEENMERFO MOSFET OF /S A REEAZFIBHL, I v 7 AT
F/v CMOS [EIBIZ 58 7 5 B OFRE & AT e 28l L T\ 5.

FB3ETIE, ADCOFTHEERT v/ THHMKIICEHLT, 2B A TI v
7 WRER OB IERIZE T v T 51T 5 2 & C, IRESFRHMEZ R G720 b EERE %
M ESEDFEAREEL WD, BMEEEOMTE2EH L, £/, L1417 v Nk
eI al—raryaFTL, EROBIEKEAITK LT 656%DEMELIEREIEIRE D
BGEAER L TN 5.

4T T, NMOS BLO'PMOS WHED 7 A s REEH T D4 A4 v /788
IEZR ORI LV, ANFEMHEENELEEBT L5810 TH mEIRENEELIT O
BAREKAIRE L TEBY, Y22 —ya itk s o0 RO ERBEICDEZDIE
JRWA TP CEEEfET 5 2 & 2R LTV 5.

% 5 T, Wisk DAC ORMEBENZHET 272D DAAL v F Lo 7To—lr o A%
RREL, & 4 FORE LS EMAG DY B R A ADC Z&%EFL T\ 5
LAT T NEAEERET VI 2L —a T, 4 KIZBWT 60 MS/s 8, H&h4yfite
9.3 bit, JHEE 0.55 mW & W HIKENEIMEZFEIH L TV 5.

FHOeEIIMMmTHY, FEOE LD, BLUOFEROMFEDOREZ BTN,

PLEBET 512, AFSEIEMSIE CEIMET %5 ADC OEEE IHI, B X OoEmdbo T
EEREL, TOAMEEZFEFELTE O TH Y, EHEEEK LI W T LY L,
TEEHFETDEZARDRLl 2. Lo T, KiwXoFEHITEL (L% OFiz
ZTLERNDDL LD LD D.




2 H %6317 & K 4 PANTTR)

T SO A4

BRI TR AR MAE NG 2 32 D EBEREENR AR U ~ — SRR o0 B 78

WERDOHNE FHT 2 LB L EPIT, ME N DR RIS E G % it 5 g N 5%
(IVR : Interventional Radiology) 1%, H#F DA Z KIEIZMKR T, [MIERM b EHE T
X HEGEIREREIN TH D, A TIE, 2O IVRISSH SN G fERERAR Y <
— MBS B EED N L—=r Ty NAMEI O R R 21T o 7,

%51 ETIX, IVR OFH Th 2HFBIRILFIERRFILE & X7 2 ML D B ILEER, #&
IR X 5 IIE BRI OWTRLIR T 5 & & bic, A5t Bz R~z

W2 ETIX, ENMERY ~—THoRY = AT VITHEENE Y TERATED X o1
THED, RYZATUVEMHICKH LTI I ) REEA L, 73 ENE#EsShEZE
~—IZXF LT, ROSEIRPED @V EER A2 W CTEG 23 L 72, TO/RE., 2To
MR LUBNLICT R BBEAT D& 10,000 LLEOKRY ATV EERKT DI LN
T&7=, £, BEE 7T 2 7 HRIEA ST IGNZRITEIT L2 D, 4%,
FIERERES T EIRVICEETE L Z EnbroTz,

F3ETIE, ATV MHRY v—a—7 4 U I7HEHZmIT T, CT A% ¥ 12BN T
M SN D XBERME L | RN TOMET 2 A0 REZ FRHCAE T 2R Y ~—OB% %
D=, EotEEZAE L, o FeXxT X235 RK) 7V ke—17 Y~X— |
(PGA) 1Tk LT, XMEBMEA AT 2a vELEMER‘E ST, 22 TIEEI BT, &
V=0 FNOT ATV E A URFETOMCHENHEEERCH L 0y s 05l
T2 &T, AWRAENTER S, 3 TR PGA XM AR L, Efifid
%3 UEEMT L - T, I UHE PGA OBWNE L S5 %2 BRI HIE T X 7=,
T AEBIREIZB W TIE-19.2C 5 49.6°COFPHEZ R LT,

FAETII NBCAM-TF AT /7270 Lb—1h) OFHNfL—=27% N AME
DEELIRF 21T o 7o, NBCA IE, MR & BOG UCTHRIED B ER & 70 5 2 & Ciin g 2648
HlELTHWSILS, Z 2Tk, NBCA OEALMERE & W OIS, 1R & Fa{EERE
RTRBMIE & e LTz, (R o NBCA E{bMERE L E &l E TR L, 1.5 g/dL
PLEDOT VT 2 KSR & %0 NBCA B LMEREZ A4 5 2 L #H LT LT,

F b ETIL, FEABIET DL L BITABDOFE AT, KL DOfb & ik ~7z,
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EHEDEE

WEE S 56317 = K 4 K #
NCERAMYE . TR BEER BN HI%  Ph. D. YR

& BERRATHEHR L (T K

Ho|

BERBTER Mt (B BE

BREZBRYHR L (v =m BE

24 (T5) B (T%) 28T 5 KIVBHE OFALEERin ST TR TR S NIRIR %
K2 DESEEEIRAR ) ~ — BB OBR ] CEL, 25 EIOBRIN TS, KRIFRIL. T%
A7 ARSI K 2 R ek & 2 oIS AN 2 b Lo, BRI D e o R A & fR
<. TOEMRBG~OIEA%Z B U2 E THEEMRICES b o TWnd, BERNIZIE, BE~DA
AR K EZWUERDOAE Tl 2 L FE L L2, I N B IR BRI EBRE 2 it 2 B Rk
(IVR : Interventional Radiology) (2B %82 i L T\ 5, IVR BN E HIZIKIZE T, BE
OAFUTRIBIIIN S v, £ ORIEREF G EHE T X DR CmEREMT S e, S D, ABFZETIE,
ZO IVR ITSH EN 2 EH R ERAAR Y ~—#ELOBREEZ+ 2 & & b2, BUGOBRKEMOF
Fambsn 2 LT, FIEO I A &ERE L CEeEEEmO LN b L—=27% » NHAMEIOfE
{ERE T T\ 5,

%1 T T, IVR OFH Th D IFEMLF Itk & 27 v M X 2 mAEIRER., IRERYE
12 KD IMEERFICOWTRIEZT D L &b, AFEOAMEZRRTNS,

B2 ETIL, ENRERY ~—ThHHRY Z AT IVITHEENES FE2 A TELL912T 5720,
RY Z AT NVERISHK LTT R BEHRCEAL TN D, 7 EDRE SN / ~—I0H
LC, MISIERMEO B EERME 2 AW CEAZE T 5 2 L2 A TWDH, TOME, 7XTo
R UBALICK LCT R EREAT S E/AVERE 10,000 g/mol L EDRY 2 ATV ERKTDH I L
IR L TWD, £7o, BiiRE 7 2/ RICHA SEAMUEHNERICHEITLIZZ Ehn, 4%, &%
SERBEEME S TR RMITHEA TE D LR LTINS,

F3IETIE, ATV MR ~v—a—7 4 U I7HEHZAIT T, CT AF v 2B THiftsn b
X MRRGERME & RN TS D A0t 2 RRHCA T 2R Y ~— 0B 2D T\ 5, Atk
ZHL, ot FaxPikaFT5R) 7 —L7 P~8— | (PGA) 125 LT, X #RiEzEM %
BT 530 LEMERESIETCND, 22T, SHIERY~—0FHNOTZ AT )L E 9 RFT
DORNZHEIIMHBEER TH LN 7 U FEERRBLT 5 2 L 2EBLE L, Al B A ER S TW
HZEERMER LTS, £, I3 UFRL PGA BHMESCIEMS 2T 2 L 2fENDO TN D5, EifiT 5
I UM L - T, T UHEL PGA OB & T2 & SR RIICHIE L T\ C, T AR
BEIZBWTIZ-192CT 5 49.6 COFPHICFET D Z L bRENTW D,

%4 T NBCAM-TF T /77U b—b) OFS~L—=27%» b RO S e
AT Ho TV D, NBCA IHIMiR & S L, RS ERE 705 2 L TIEERA L LTHWSNT
W5, ZZTiE. NBCA DEALPERE & Vo Ml A6, ik & HEPIVERE 2 = BRI 2 Wit L T
%o AR MLIR D NBCA [E{bIEREITE # Wil E TRl L, 1.5g/dL LA LD T V7 I L /KEEHR AN LK &
[6% D NBCA [EHLMEREZ AT 2 Z L 2B BN LT 5,

BSETIE, FEERIET D L EBITAKROF 2T, Rin L ofima it T2, 51T,
ARG SL DR DF AN E AL~ EFEOD L ATREMEIC D W T h IR BTV D,

PLETEF 512, ARGSCTIEL IVRIZIGH S @R ERAR Y ~—MEOFE LB, &5
WIZERBRBICHE T A EMOFE 2 ED 5 FL—= 7% v MBI O EbE DA 24T
bivlz, SME R 2 L EE T, SN S RN EERE A it 2 IVR IZ X 2 BF0A#R
ZRIBICARIR C &, S BITITFINE OEIE R © 8 C & 2 J om0 EA~KRE L FE5T
L ERAMZRMFERRIIC ORI D Z R WIRF SN D, £, T OO EmAIZ, IVR &EiICbhT-
D EEHFIEG O Bl LR BIC DN D Z L A FREE L, S50, Fi- iR oarseiadii b & K
A MEIZ S HET HARMER S D, O X2 RIS RS OFEZ XL (T%) o
MEZTHERPHD LD ERBD 5,
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HEE %5 6327 5 K 4 =¥ E—F

T SO A4

BRI — R T F o — 7 WIS 2 BT PR « R &
S - TS A

TRIE BT AT I X IEEREIFIE D 3 B 2 & TS H LBk x 2235w TIEH ST Y Wi 2 Huv
DI, IO BB TR 2 FF O RN EE & 725> TV D, 1ERDRIEHIRTIL, FER
OB ARIE T Z MR B 0 | NV RO Z SN XA V7 MIAERT H 2 &I
L ole, £ T, AFERTIET ) I—R MBI THL I —R T ) Fa—T CNDREEE - &
BO ) IS HEY SN EAMEFCH D CNT EAEIZEH Lz, CNT (38— Rkoot&Ez 6927 /6
Brch v, 7/ EERRKROBRE DRI TV, £ LT, CONT EmfEX CNT Oz~ 7 as
INA AN STEDLZ ENTEXHHMEE LTHEESINTWS, 20728, CNT B ClX, CNT H
D BRI MERT R SN TE A, CNT BLrpRREIZ I BV BRI R SIL TV R o T2,
Z ZCARMEFRSCTIX, ONT Bl X D8R DOFAE L, o7 /314 R & L TORMFEHT 21T > 72,

AETFRST 7T ENOHERIND, B 1EIFmE LTRSS RET L, T/ 0 —R R o Hf
MR T ) I — AR CBIHPRICOWNTIRAR S, 5 2 ETIE, AW T, CNT BLREDT /S A A
VRO T /3 A ADICRFERM S DO 72 DI W T2 BB ISR - BT IR OW TN 27 5, B 3T
1%, CNT BLrfE B SETk 3 2 SR o ORI 21T - 7o fE R A2 v 97, JAF5E Tl CNT BlmfEs
FAWTEEAMROINT A 2 2ER U7-, CNT EABEIXEA ORGHYEa2 A4 5720, H
SNEEJESF X U CRLM S A AT « BMEORERE D X5 e 2FEOT A 2% AR LI=(Bitk.,
AT « BT A A EIES), CNT EL[AfET /SA R TR EZ R L, A7 MAVRIEIZ K 0 RN
FEHRICIA HREEZ AT HERENTH D Z LR aEnTz, & L UREEEEORIEICE Y . CNT
BLm B SE DRI AT D Z LR ENTZ, 72, VAT - BET A ATB W CERIICER D%
WS FEHETH R RENT, T2 Ty Ial—ya VA2 T 52 & T, CNT Blfls-Eimo
koo o B0 2 ZANBGEICHEE L TWD Z EDRENT, 4 ETIE, CNTEAED~ A 7 1
TRICEEIRIT 2 28R 2 5800 L 7o fE R 2R 9, 4F%E i, CNT Bz v CEERM=
D 1pum2~A 7 v HIJRAER Uz, £ LT, B3t U TR FIE 21T 5 2 & T, &EHE
T FATKHT BDISEMEERHME L, IS EENE N S L > TRRLZZENRH LN E ST, ZD
BRI EMEOMFZH LN T 720, A 7 0BT S, A ERtG L LR ES 2 2 L
—2arEITH LT, EITTF A AT 20 MHz O @S LR EA2 6T 5 2 LR anz, &6
(2, CNT Al o> CNT Bz o % 7 FOFEBIZ L | B RISEREEZ AT 52 086
MElpolz, 5 ETIX, T/ BB 2 A0A A2 CNT BLBET /S A A8 DIRIEETE D
SRS RIS OV ORT, BE OBIENT A ATIE, VU a3 UEREICEREZ LTV H 72D CNT
BOra s & Hep I gefil L T 5, D7D SH3ETlE, 7 vt vt A2 X > T CNT Bl & i hvt:
TR EERBARIE A TEIL U IR YCEVE N O NFHE 21T o 72, T OFER. 2246 CNT BT /N1 A Tl
RICEE 0.9 DER NN FER SN D Z L 2R Lz, ZhuE, HRFEE 0 Ry CNT EL [ R
HDOXA VY MR ERL TS, § 6 T TIL, CNT BBl io it 2 Billrte oK E obr L7z
fERA/RT, CNT EAPBIEHARFEN S O SRR Z MR T2 2 e TE, TN EUERLE LT
OEMETHH D, L, BEM EOEHZHINT % & CNT EmBIEE M 2 = 3, 4HF%ET
X, BVEIIR IS 1T 2 BRAFEEZ BT D 2 & T, EROMEFCIZR SR W ER O RIE N NS A A
v F U TBGERBIIS e, 512, CONT BLmEEA D/XT A —& Th LB TSk 2 A1 >
F U TR RIS 5 Z 12X 0 B X D IEIRPUREEO L& 23R iz, 5B 7 E TR, AW
D & UAFZEEIR DA% D EEIZ OV TR 5,
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EHEDEE

WEE T 266327 & K 4 E3is

pii

—

AMOCEAMYE . A BERRRFHR mE (0% % &

AlE BESSOURER mE () EE M-

BRI AHERR it (T%) Lk

BERROAMERSR it (I%) Kl R/K

et (I%) . B+ (I%) REE—ERE OSSR TL. TEiRm—RF ) Fa—T
3T 2 BRI - SR L - BT A RIGH] L, &7 wEroElIT
W5,

TRIEIHTEATI LRI FE D 38 00 & TS LBk~ 2235w CIEH STl v | Wt dr il 2 1
WD TZOITIE, AW RIS LI 2 FFOREIRNEE & /oo TV b, JAWEE R Z FFo%
i T/ DOHIR & U TEGRIRD & 203, WEROBAIRD AR Z2 5 5121%, FEmEOBLIRICRE
FEFRTLe BN D | BOERNS F A LY MIAERT D Z EiFE L, 22T ARIFETIE. —
RNy F ) Fa2—T( CNDBEEE « @Rl E IS S 72 CNT Bz v <, @ldm CNT 2>
O EFERCE A I DN AR LT, AEFIL, CNT ERENSHE T2 852 HWT, B
[ 72 Bl IR R PO LIS K D B LR DFEAMT & A 1 = X AR A AT - 72,

BIREIFRTHY ., T/ =B MO B IESCBFRE A DWW TR R TV 5,

%2 BT, CONT BLAED T S A AERST S A A DFICRFERGSE O 7= DI V72 B
&« T BRI OV TR TV S,

5% 3 T CIX, ONT Bl D EIE AT 5 I FRHEDOFARIZ DWW TR~ T\ 5, ARBFFETIE,
CNT FEl D [E A 72 B 5 PE 2 BRI 2% 7= 8, FIUINEL 5 Ak U CRLM G M AT « FEO
BIfR & 725 &L 9 72 2 FEHOBIERINAIE N T A ALIER, AT » BET ANA RA)Z/ER L T 5,
Z LC. CONT BlmfsEZYeIE, AR Bl 2 A < JEiE 2 A3 % CNT i i S O Y BV
THDHZEEHAOLMILTWD, Fi2, VAT « MET A A TIERNEDM BRI D 2 L 2 ERN
WCRL, YRalb—va Ui AT 5 2 & T, CONT ELABE-EMOPEMEN o o 7 7 2 o R 3BV
HIZHEE L TWBZEEHALMI LTS,

%4 TIX, CONT EAED~ A 7 v R EIEIRIS R T 2 ZHREE I SV TR T\ 5, ARBFSE
TlE. CNT EffEZ AW CTEEMNRD 1 pm2~ o 7 n BOEZ/ERI L T 5, £ LT, BUst
2% U CHEIAMESEARE AT O 2 & Ty BIES 7 TS DIt 2300 U, e Zs B H3
MHIC Lo THRRDZZEZHLNI LTINS, v A 7 0B8R T SA A& 55 & LRk T
I 2l— g E(TH LT, YATT A 2 TITPERR IR L v @2 20 MHz O =0l 25 3
DAFETHDLZEEHLMNILTWVD, 51T, CNTEMEE LD CNT li-Ef= s %7 MZLD
RG2S ERFEZA LT LTV S,

W5 ETIX, T/ AUEREE 2 LA AT CNT ELAIIET N A AT DR EEIE L O 4
IZOWTIERTND, ZREHEE A FR U7oRER. 488 CONT BT A A TIXRILE 0.9 O &R
WEEALNEBREND ZEEZH SN L TWD, ZHUE, EHFEEOEE N CNT Bl & o
A VY FMENERLTOD, WEHEROISH TIERNEORHENEE CTH VY | ARHFIETIE,
TNA AEEZ L > TREEZ M EEE2 Z LT LTV 5,

556 ECIX, ONT ELMIEIZ 31T 2 Btz OARIE D HTIZ DN TR R TS, BMERiIZIZI 1T 5
EREEZ RG22 & T, 1EROMEI TR LN WEROEIEW N AL v T T BIG %8l
HILTW5, 512, CNT EREEA D/NT7 A—2THHEM FHIZEH L TAL vTF o TELF
PEZFHET 5 2 & T, Bl X 2 IKIPUREEOE# ZH 5 M2 LT\ D,

FBTETIRETHY . AFETH LN AT O TRRTW S,

L b, ARFGSCE, BLE L2 ONT 206 OB AEFMICET 2 LW REHSZL O THY . F
J I1— R UM EOBOEIRIZEE T 2 I E, THSHICEIRT 2 b0 TH D, Lo T, AimLd
FFEIIEL (1% OFNEZTDLIERRILDL LD LR D,
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HEE H % 6328 75 K 4 K EARRR

Eim LEAL

Covariate Selection for Estimating Population Means and Procedures
for Estimating Treatment Effects When Data Are Missing Not at Random
(Missing Not at Random 7 — Z |21} % REESIHEE D8 EgiR &

L1 20 R DHETE FNIR)

AGRSOE, FEREBAT K38 ) F 0D A 3 =X 275 Missing Not at Random (MNAR) D4
IZBWT, FEREEORPEE 2 S 7 R L 5 /NS KHEET AT OHZERTFHR, KO, ALE
BREHEE T D ROV THIERE L D= b DO THDH. MNAR T ZBRANEO A2 53 G0
EHFHZHIETTDKPA = AL THLHN, ZOMDIKRA S =K 2 & L) e s L
A

FEIFmCTH Y, KT —F OFFEECRBT 25 TIFRZ OV T L, Bk MNAR
TR B HHERIOREEFRI DU Tl A,

I, AR COMEM WD S TIISRIC DWW GRS 5. Z 2 T, AR50 MNAR
DI H D555 ORPFEHEEIZIBNT, HEEE T 72 & TR & S E T
IR & I XBRE B DA T DR AR - FEEE 2 5. MO TR 2 BEEHEE T
NEZERH L TR, e, R O FREZ ST T2 b & TOXMERTH D98
R A a7 2HEE L, COHEEEE AV CTREESOHEE AT .

BRI, B CHI Lz 2 B E TIRIC LA RPESHEEIZRW T, TREm A =7 0
BT UK 2B EEPUEHOIREETTH. 7, REEHEE OB 7= OIHLiRE A =
T DFET IR NEZ O H_NEIEEZRT. RIS, RREEEHEEIED A 7 2 & o5k /S < HE
ETDHENIBULT, —EEDT= DIy NRE D H_REHEEOLEPHRERA 2T T /UIE
DD ENEWIZEERIEHCTH D Z L 2R T

BT, FERZAENZ MNAR OIS DA 2 BHEE FIEZ AV CRUESR A HEE
T OINEHARGTET D, BTV TRUERN R AHEE T D BRI IS D I /2 5 D
T, KM & AHEDFPEE RIS 2 20BN 5. Z 2 TIHEBERZE 2B\ O T2 MNAR
DRHN D DA, FEREBOETT V75475 Z e/, MBS L U COERLE R RONL
ERE - SR COPIENRAHEE T D B DN TIRET 5.

FHEIL, R MNAR OXRHN G 555512 31T D REEEHEE DT O DOHZE IR, K&
OB ROHEE TIE DWW TR E £ L 5. £72, MNAR Zisd 5 2 BpHE TIEC
B HRE E A% DOEEIZHONT HIRRD.
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EBHEDEF

WEE S 356328 & K 4 K JEORER
WMOCEARNE . A BERPCEEIR PhD. B R
RlAY  BHERBORHEEE W (1) MR FHH

BERBREHE it (%) EEC

BERBATHE M (FRETY) I &

BEERBIENEER it (T OB

&+ (L5 KILERER FHEHOPAFERESCL, “Covariate Selection for Estimating Population
Means and Procedures for Estimating Treatment Effects When Data Are Missing Not at Random” (Missing
Not at Random 7 — # (Z351) 5 RRFEIHEE O 28 Bl L ALEZV R OHEE FIR) 8L, AR5 E
EfER2 BELR VKD . ARG, FEREEIZKINDBH Y, ED R J =X L) Missing Not at Random
(MNAR)DIGEIZ, FEREORPEHHEEIZIB N TS T AL 5BE /NS T HT0DOLERFEORR
PIEE, KO, WEDOHIEIZ L DNRDETH DUEN T Z A T A HEET 2 HIEITHONTO
WHIERR Z £ L OTZbDTHDH. MNAR L, KIMPSBAHED 772 697, KL 72EIC bIKFT D
RPWA T = AL THY, BEMNRIZIBWOTHEZIZAE U A RMED, ZOMD R A T3 =KX 2 L
W) 70 FHEE N EHE LN T2 0D, A SRS E O SRR B ALE S A O E FROHERN VAT BT 5 BEAE ORI
Dial, FRICHELRRETH S,

FEIFmTH Y, KT — OFEIEICET 2 TR OV T L, BLIkO MNAR 7
— ZTR D REIHERI O R R Z DWW Tl R TV D BT, AReSCT ORI VD
Sunetal. (2018) THRE S 7z, MEREHUT MNAR O RN B 5556 OFRPEEHEEIEZ#EN LT
5. ZORPEHEEER, WEBEZ ST T & S IR REE & S & ST, K& 1XB
b DT H DHAEEE A RV, R, FEREE N CBIEE 2 R 7o b & TOXRMMERT
O LYLRM A 27 ZHEE L, TOHEMEE AW TRREEROHEEZ1T O 2EBEHEFIETH S, H
=TI, FE T LRI EEICRB T, IREM A 27 2 HET 5T Ckd 5 4k
EEBRFUEH ZIREL TS, £, RPESUHEEED — B L FF O DITILRHm 2 27 OE 7 /v
WZHR/NRE O D NEIBEEOLEEZR L, RIC, BEEHEERD AL T AL pBE/NS < T 5121,
—EMEE RO R/NRE D D NEREREO LB ZPLRBEMA 2T T IED D Z ENR NI
EEIEPFRH CTH Y, 72 & ZIBREM A a 7T 20 03> T, R/NRED L& LR
BRI AS TORWERE TR A 27 O T CED S L, BPSHEERO S HERE TS
AREMER H D Z & AR LTS, HBUFETIE, #RZEEIC MNAR ORI D 5 5E I LEZ R A
HET D HIEERBEL TV D, BIEFRICBWD TUEDREZHET DY, AR DOFIENRE
2725728, R EAZAEDOTEL RRFICE 2 D LERNH L. 22T, Kl & AEDF ED 51 %F
TOIWREEMA AT ZERL, TOWELE, BLY, ENEHWTFHRED R, LERE -
KTHEE CONELEN RO E R EZRE L TS, FHHEX, FEREEIZ MNAR ORI H 585
BB T HREEHEE DT OILZEEGRIN, L OULEZR OHEE FNEIZ OV T OEmZ £ & 0,
MNAR % i34 % 2 BFEHEE FIAIZ B 1 5 L AR DOEREICOVTHIE RTINS,

TOEIIT, AFIUE, REREHICT MNAR ORI & 5 &) BIFEITITHBEICRET 52, #
FHAIHERIZNEE LT — 21Tk LT, RMERIEAHEEIZ 1T 2 EHORROIEH %+ 52, BEEE &Ik
s EMHA A 37 2 A 2 BRBSHEETE IS K D ERERNIR, B KO, ALERE - XHHREE T O
ENROHEE FIEAREZ L TV, BIEMRICBIT 2R OREBICRELSFETLHHLDOTH
5. KoT, KimXoFERIIEL (LF) OFMEZ T &P HLLDLERDD.
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Exploring transparent organisms for bioimaging and establishing a basis
for elucidating organismal transparency mechanism
(NAFA A= 7N LTe A OBRER R IO
AR IR PERS RS AR I [0) F 7o WP ZE SRR D RS EE)

AERPNICEA LTk & v X7 BEORIUE O 7o OIZAEER OB MEIIMO TEETH D,
DB TH D 12D DO BELCWIN &2 5 S LR H 1 | Iﬂi*ﬂfﬁ BWTIEZ < O
BRI NP SN T&E 7o, BREAMZOZE THZ 2T LA Ry~ R VITET VE
WELTHOWOITELR, 20 ORI ANER 22 b o7, i CTEI K%
> Phallsia mammillata D1 ZNNA T A A=V U 7\ LTEET VAR E L THRIEAL
T&e, L LAROAERMIT S —r v N IZR B, R TAF e CEHEW 2RI A & Ofi
MEENTND, AR TITIFRH TAFRRER A A A=V 7100 LB AR v 2 3R
T5HZ &, LTAREEZ HIWTIRAE - L OBLE D B AR O FZ MR 2 7803 2 72 O DA
TERME AT D 2 L2 AL L, BEREHEOFEERERZME L, AYHEICK T D00
DB E DL S 2383 T OMELOBLED L RO TH LT Lic, o, BUMERS - HE
FIEEZ B O T 27200 RME L LT, B2 25 T COINGAEZ b 2 HE S 5 R 21
Lz, FB1EIIMEE THD, md LTI, SO, BELE W o 7B IR L LT
TER AT, ZAVE TS S o T ERREECAY O B B 2 5HAI 5 FIEIC D
WTIRAT, 5 2 B TIEARVII~OFEEERIE &R L0 oIz S oA YEIZEBT
% INBE I E OHELIZ DWW TR R T, NAN—=ART M AT HNT, R YIIOBEHE %
TR Rt CRE B E T 2B HLE A EEHIEE 2N LTz, ARG FED DI L 723D R VA
DOINFBEF AT MV LT fE R, Y AR VYR ORYIZE L X TEWINEHE % £f
Sz b KEHIET S 3 —u v XY TR Y (Ascidiella aspersa) |37 7 A & R DK 90%
DA FDEEERZ R L, ZOmWIIEAEIIEICS S MAIND Z L 2L ML, #3
B CIIhR 2 2R BREE SO AR PR RE PR E R 1T 38 1T D IR E I EE O L 2 JE L, B EIRRES
WIREIZENENA L EOHELE &2 &, M, #ER. ATP EIZIIEHE 2K T S
D LEWOMNT LT, FREMDOTZMNTE 1256 N2 FOFBRRARY MLz
RouZEM BIZ~ vy B 73528 T, ZHEOELICIIEBOWT N b5 2 & 2R LTz,
FHAFIIHS THD, 2, SEEZBUTHLNI RS TARYHEIZKET 2 247 INEI . IF
EREEZ AT H2ERNEZ S &I, A VIROZAMELES - R T oW BIc oV GEim L., o
—a XY ITRYOET VAN E L TOIGHAAREMEICOWTE R LT,
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EBHEDEF

SR 56329 & K 4 WRiE R
WorEmAEEYE . B BERRICRHRGR M (%) YR #E
Rl BERERCTREER WML (kR bR ER
BEERBA BT [t () pIE I
BEER BN ARSI [t (T WAE HEE
AL B S Tt AR

T () B (%) REBERE AR OFAEE KGR X, [Exploring transparent organisms
for bioimaging and establishing a basis for elucidating organismal transparency mechanism
(NA F A A =D  7IZ0 L To B A ORI L OVERZEIVERRE AR ) 7o 90 A O
) | L, RA4ENLESTND,

RIS LTzt & o 37 O b O 12 DI AR O3 CTHEE TH 5, Mk
B Tod 5 7 DITITIEDOBELSCWIN Z B S BN B 0 | BEEEARICB N TIEZ < OGS L
MR SN TE T, BEED T OB THLZ 2T LA RTOTARVITETAVEDE LTHNLRT
TN, IS ORI ARER IR E S oD, W TERZRME > Phallusia mammillata
SIS T A A=V T LT ET VA E LTHIL TE 72, L LATEDAE RIS —
1oy IR B AL, TR SR FIREZR B I 22 & & SHDTRE AR D STz, A TlE A 73—
AR MV AT e W ARG EOEERER AT L, AYHICBIT 2IPDEHEDOLEES
ZIRAEB L ORHOBLEN GO THLMNI Lo, £, AP TAFARERAAS T A A= T
20 L7 ARY 2 R Le, &1, BPMIER - MR 2 6T 27200 & LT,
Bk 22 T COINGIE B A T4 2 R Lz,

FH1FEITIHS THY, KX OBEsE L OMRIN, R, BELE W o 7o BB I8 A RIF 3
KR, ZALE TITHHZE SN 7oA RE I EEREEC AW O FE I EE 2 3Hll 3 2 FIEIZ DWW TR L, &%
AT SO B Z R~ TN D,

%2 ETIX, A YII~OFEYERE & RFEFENTIZ L VB SN SN T=AVHEICRT 2I0EHE O
HEALIZDOWTRR TN D, NAS—=RART N AT EFWT, AYIROFEY L 2 R R ¢ &
WET 2 FHEHEREE AN L, AFEEZHOTHARBED DI L 28O AR Y EOINE R
RARY WL E B LTS, Y ARTROBY LS LT IREE 2 - - L, ARHC
BT 53 —u v\ TRV (Uscidiella aspersa) 1375777 A L[R2 DHK) 90%D Al EHEEF A2 /R L,
ZOBEWIFERE XA X MBI D Z EEF LN L TWD, £, AfEE AWV TERRICER
DOHIFABED 3D FA T A A= 0 FRZIFINE D Ca¥ RO AL FIRETH D Z L 2 n L, AfE
ISFEAEE BT DT T NEY L T2 B AR Z R LT D,

%3 ETIL, Mix RBRBESECA RS RERL E RS BT D INEIHE O 2L 2 JIE L, B IR E
REREICENENA L EOHELZ O &, MluEss, B, ATP REFIZIIEAE ALK T S5
ZEEHLMILTND, Fio, ERSONTE VTR 125 N ROFBBR AT ML & ZIRTZE
M i~y B 7 LR, BHEOELITITEROMTE R H 52 L 2R LT\ 5d,

BAEITHES TH Y, TV ARYEARTVIZET 2 @O IIEE A5 - HERF 3 2 8I2 >V T
L, BT, AR TH LN ENTZ, ZEREICERINETEZ L5, M OREM RN E S ek
YHIIAEREAEZ T 51O OB RET VEMTH D EIEL TS,

PAb, Aaastid, AREHEOERIERZHBEST 52 LIk, AP TAFARZRAA A A
A=V E LAY &2 R 2 LTk U, A2 FO 7B EER - MERFERE 2 1 525
HIDDHEMBERELE LT Z LD AREAMEOR AT « LRI KRE<CHEBRLIZ VW
Do ZOREIE, A A=Y 7 ERIHT ALY RAREIEO BRI F 535 & 2 AN
DI, Ko T, KX oFEZIIEL (BY) O EZTHERPOHL LD LAD D,
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W 5 6330 = K 4 HE AR
E D

B eRB LOEARIEWICB T DA UL
WAt A F X 7 A B4 A58

20 RN A B AR — VRR DS WIBLHA S U CTLICRkR A B UGB RV 27 ICBI3 22803
TEMEAL L S E S E B - FiE - SRR TE 2, EIE - ALV IREBBIR TH
HAEUR—NVIRESLT a2 e TN a XA UHRIFEDOL IR A fr=S R
WIEDOHFEZH > TE Y . Z0O A T =X LERCHIEFE BRI W T TE T IS IE A E
BNT&E, LhL, ZNHOHBIHL TEEL OFmNERLNTEICLEDLD
TR FE R SN TV A RMEIFMENKIR E LT ET D, SBDOAE S |k
=7 AOFEODIZIE, BSNDBROER S DRI 2 R8T 0 43 1F 72
HimAk T O EDRETH D, R TIL, BIRAE N7 I 5T 5B g% FIERIC
XBILCHEE G5 Z LT, AV URICET AMEICEWTINE TRB I SN TE T,
L LAEMICHERYBEEZPA LN T 5, ALKV ELNLMRIZ. SBOAYE
v ha =7 ZAWFGEITEIT D LV R CIEfER SR A FIREIC T D720 0 L e b,

ARSI R TETHERIND, F1ETIIFme LT, AV hr=F AFREDRES
MR 5 & ARFZED BIZOW TR %, 5 2 T TlX, AFZEORHRER & L CTRIbL X A
FITARAE Y MLT | B AV AR EOMBBIREHIT 5, 8 3 E T,
KGN I T DT A AMERTTiE, ERITIE, 7T — 2 TEIC O VW TR~ %, 4=
TlE, ERMEEE T DA ARAERKICOWTIRARS, EROE A XK EL &P
FEHIE L7 Pt BIRICB T2 A AR— RO 7 v 24— =% L NKHER Y
VIR VARPEE T EROEICH L TEBIETH D Z L ERT, 5B TIL, WS
BHOD R UFRAERIZOWTIRARS, T v LR Fe.Si I2BIT A A LR
— VR E A B R VRO BEL TEIII L, B - A B AR AL T
KT HETNTH D Z L 2mRT, 6 ETIX, Bb~7 afiElcl ) 2B RGHIE
RV ZIZDONWTIRR D, SrTi0 HART /3 A RZBWTERHEE ML 7 JWEEITV, TV
2N e TN 2 A HRICE DA CHE VY J 0 b Y — 2 SERERIC L D=
IWAT y RV PRERTH D Z & ard, B 7ETIEL, AFEORGRE L THRLI
TR EEN LTI 5,
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EBHEDEF

WEE S 5 6330 & K 4 HE AE
MOUEAMNE . B BEXRBTMEE ML (T%) L ik
Al BEEZREKCEAEESE  PhD. WK BT

B eSO AR Mt (BY)  REl Rk

BRI e (D% E w4k

(T, &L (T%) EFEAEROFHGERm LT EREREL L OEARIL
WNZBIT DA U ERILZ A7 AT 2098 8L, &7 ELV#ERIN
5.

A b= ZAOFLHFRETH 2 A IR O B IE, A Y UHLEHE A
ERZ N L TCRETAHIAEVHE MLV OEBTHD. A UHE ALY VELE hLY
B35 2N E TOMEIE, MDA R —ASREPHRE SN ESBICET L TX
7o, LD L4E, AV UMOMERN FRIN WS EICBIT 2 A v R—L
RO, AR EICBITA TS 2N s ZF )Ly 2 Z A VRO BEEMEDRIE
ENTWVWD. ZOHRIT, AEURBIOAE HLE bV Y BFFEOH 7= 72 B & W #E
SHEDHELEHIT, TOBELRBMREEETIEMIOBERZRTHLOTHS. 20X
IR DOYL &, RIFETIE, BBAREB XOESRILY N EAHT A VitE A Y
VELE ML IICHER LEEREZZFIT L. 2RIk, NRMEAE R —u2h BT
T O ERE LOETHELM OO E L LM T 5 & &b, MmteR
IZB T DAL T LW EFAE AR — AR EBIH L, S HICAEV#LE My
7 DEBITEIT 5 & JE WK B DZEM A7 O BEEAM: 2 S L.

AKX OHE 1 FIIFamTh D, RFEOE R EMEST RS, F 2 F T,
AR EBAL OB EAEH, A R—AEBIRT S a2 ZFI)ILT 2 XA %)
RIZE DA U ROARICET 2HGHN RO 5. 5 3 BT, ERFEL IO
Mr REDNIRAR S0, BEOERLGE L A v bV 7 it dens 2 V=B iE v
7 OWETIENTREND. FA4FETHE, BEFREALZPLHIBIT DA F— 2 RIC
BT 2FEBRNRIND., EXREEEICKHT H2AE Y R—MBEEDO R —1 > 73k
R, NERMEAE R —VHEPEFEROELICK L TRETH D Z LRSI
L. S ETIE, BEMEAR FesSi ICBIT D A UARICET 2 EBRN RSN, 2
DD R LIS REE ST A A NWH LT, AV UR— VR EAE
HER—=NVIENSNEETE 5 2 ENREN, EEESE T O R E R — LR A
EHFENCRFE LW ERH B END. § 6 FETIE, Bk SITiOs % & e & 11
WEICBITDHAE S MV T sREMEILIRIZ B3 5 RS RS 5. FE T HEEZ R E
{LEHTELNTZRET =X OHTICELY, ZORTIEZVAT Y KL BRAE
V7 BEREPEIRIRAE B KB R B 52 5 25 Z EMIAL NI END. T BETIEA
MREDE LD ELBDODREDRIND.

Vb, KEix, AV E—HRICE DAY Uik s A U EE hv s JIEIS
T2 LWHREZE-LOTHY, AV ho=7 20WHE, THGHICERNT S
HLDOTHD.

X oT, KigxoFEEIIHMLE (I.F) O IE2ZTHERRNHHLLDOLRDH.
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W 56331 = K 4 BE =
E D

Pt iZBIT B AV « fER— VB RICEE T A58

A b =7 ZAOMETIIAE U AEHEORNTH D A B RICET 2 & -k
DN ERELFEOOEOTHY . WEHTOAC UV PuEHA/FENZERE T2
MAERBRSTHDLRER— AR L AR —VARNERZED T2, & HICIE
TILE - ORLIE A EB) O T D LB KBS T o 5 HlE AR — /L 2h R OB A3
SR THH SN EamE LT, BuERE - EOERBENITONIGD T\ D, Rif5E
TIHERRACVIEMABERZAT D52 ENLAEY Y e =7 A5 THZERSROF
DERoTER Pt Z VT RO A Y U - BUETRA RIS SCHE A 7 = X L OfiE i
B L CHiTe il a2 5252 L2 HE L TWD,

AmLIFETEICL O SND, FB1ETITFmeE LT, A br=7 2RO
TRk & ARFTEDO BRIZOWTHAT 5, FH2ECTIXBEBTORT LAY U AiET E, Hul
AIEIEC N O AEINRARFER TH D AL A— R B BB R — L) 57 PR
FETORFEAG & 70 2 B, BRICOW T T 5, 2 3 Tk, AWFSIC T 556k -
FEMT IO W TR 5, 55 4 3 CTlX Co/Pt B & Co/TiN/Pt — @RS IC ks
T DR N L7 DOEZ D Co/Pt FURINZ T 2 EtaA i MV 7 OFEBSFLEL,
TIN AT L2 LICL WV REFGDERT T2 BN E RS, 2O ENDIR
T R — B IR IE IS BT DB ML SRR D 2 B LR — L R A B
M 2B RGO L EE L /25 2 L afoR Uiz, #5 BTz L v kil
L7 Pt D A B2 s — )L h B & SREEVERITIN/Pt = 8 A& 2 B D EFias L Ly
ORI L7z, BERETH L E STV o it E TO A B R — L RO
PN 72BN L 0 A B VAR — VRPN ERE R — VR L RO X 7 — U > 7RI Z ik i
WTHA L TR mRNEORFICL VB L T DAL S Lz, 26 6
ECIX Pt IZRIT 2 E-A E A IR %Z Fe/Pt 72 5 ONZ NPt B E COEIRS
f2 kL7 2B ER L 7=, Ni/Pt H$3E Tl Fe/Pt HiiE TIRFEL L 722V Pt BEERRICHE S &
A b L7 WO R OIR 2 OB S v, Pt 254 T TV 2 8E R — VRO
THETHLZLZRL TS, BTETHHEI4ENLE 6 EETOMEICLVELNL
AR A R FE L CRL T %,
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EBHEDEF

WS 256331 &5 K 4 BA W=

AMCEAMEYNE . A BRI AR Mt (T9%) Wk il

AlEE BERBATHER R (T9) o xEe

B eSO AR Mt (BY)  REl Rk

BRI e (D% E w4k

Fh (%), L (%) MR OFPAGEERm L Ptk iT 52 A - #liE
R VN RICEETH0%8) EEL, 27TELIVEkSND.

2V UGB EERZ e T AFFEOALY Y hr =2 X 2B NT, AU ER—/L
NP L DA RO E ZAUATRET D ETaAE MLy NWEE RS Z R LT
W5, AV UHR—VNROPBRILSE, Ay hu=2 Ao L E 2 H o
TETEMEELTPtHY, TRETICEBEINTZRE S - BiaT —F b, Z
DEERBITEEREEOT TR OLERLAE V= AR E2RTZ ENRHLMNITR > T
Wb, L7 - T, PtiZkiT2AESEREOMUENIEME, A hn=7 Rk
FAOAREHETH 5H. ABFZEIL, PtARX—RE LAY ho=7 ZAFEFITHER L,
s ML 7 AERRICHBIT 5 R A UHuEMH AER ORI ZH N5 & d
2, Ry BV EEERICBITA2AE AR — A RE2BIHTHZ LIk L. &6
12, AV UMAAEEEREEL XHTHEEZONTELEPHIZEWN TS, BLBERAE
BB AR OGAENRH DI EEH LM L.

AL OHF 1 FIIFmTH D, RO R MBS RIBRHND. 52 F T,
AV R IR B X OWLER— V2R, A B E B LM AERICEET 5 B0
WwRBEND. B3 ETIE, FEBRFER LU FENE O, #EoERGEE R
B MV gRIEME SIS IS X OO F I — R a2 W TCETREE ~ V7 ORIEFIEN
IREND. A4 FETIE, BENAY Y fr=J AFE T THD Co/Pt fE&EIZEIT HE
i NV 7 BT 5 FEERDNIR R 54, Co/Pt S~ TiN @i A2 X > T v 7 ZhH0
FZILLKBOTHZENRHALNZEND. ZIUTLY, PLOARE U HR—LZhE % ER 5,
FIHT Va2 T Ny a XA RIS KDEIRBE NI ~OFEPIREIND. HS
UL, B L L UL I U7 PR b D A B R — VR RICE T 2 ERPREND.
ERAE FV 7 ORIEN S ERISEE & AV R — U8 ORI SN &N,
ANy MRS TRy B BRI W T, AV R — VR R E
R VHR LB LA —) U 7ITHE D ZEAUREND. 6 FETIE, PLIZBITS
HLE R — VR RICE T 2 EBRASR RSN 5. HUEFICK L THRVINE 27779 Ni 2& T
Ni/Pt HIEIZ IV T, BB MV 7 R OF 7 Pt RERAFED B S, Zn A
EUMEERICEDERBE N7 OBAICLE2LDOTHL I ENRHLNTEN
5. BTETIIAMEDOE L O ELSBLOBEINRIND.

PLE, KimXlE, A8y bu=7 2AfEOHWETH D PLIZB T A ALY U F—L
HEB L OWE R — VS RICET DMz G20 THY, A fr=J R
OB L O TFIEH~OEMPHFHF I NSO TH D.

L oT, KinxoZEHIIHE L (L) OFiz2Z T8N LDO LR 5.
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WS H % 6332 5 K 4 Fikk K

+ G S 4

U 54 F BB LD TN L Bk KRR R B O
S ) Y 22 T A A

BTOAYITITERE L LTHIREZ LD, £ TIIEEL BR324 L THEE
T5Z LT, EmEFHCED 2 H LW HRMEEL L TWD, 16> T, EEKSTOkRE
FEBRF OfRIT, AMGBRIEMEOT-DICARAIRTH Y . ERSy O EBEZITE0—
Bibiesn, BESFO—FTHLIBFEEAEIL, KES FOMBRERS TREDY TR
EREIENOTEMEY A N CREEMICHE G L, MREZE(LZ F > TR UG Bl 72 Kb &
A2, I k0 BB TR AR~ A AL A R L AR RN O R 2R
BEEEICBAD D, L LAad D, Z OBEERBLEFEIZIBWT, U Ty NG & BEE OIS
ZALOFEIRe, BERIEMEY A b ~D U H v FESBERIIRZICARE L SN S L | EHEE
LB D T D7,

AL TIL, BREAEOKERIATHERS I OZE0 U v RS & OFE % i+
HZEEERE L, ZAHEE L2 R E R Rk 7 L 2 X U ERIK SRR
(GDH)Z x5 & LTt 21T o 7c, BERAEB'E GDHIX, [Rl—0DH% 7=y FR&
A LI ARNEERPHEIERMN TH S, KBERTTIIY 7 2=y 2R T 52D KA A
2, 89FH MU T 7 AN OREEC KT Sy 1R A &) L TR E EBj TS
ZEBHMBNTWD, AR THWEZ 74 4B MBI X 2 B ik, K&
DRI B IKEFR PN W EL EREZ PR Th D, Thad X/ MaHELENE
T DD TR OBNRETE S X ARG ST 0 D15 b 5 @ iR 72 B F B /K TN
& 2 MRS S IR L7223 & v,

(1) BB RS AT I B J6 L OVE B S

(i1) % A E 5o,

(i) 89 FH N I N7 7 VIR D 7 = =)V 7 T = L P BAKOEESE I & & B
(22T GDH OREEfRIT 21T o 72, S O GDH HEIEMEAT Ti, #RAEFRBLH D HEZ
ERENFESND E & HIT, RISEMBITIKIEL T, &0 9 2 ELEREEC SRR
INEACT D 2 L DIRME S T, MEERINAE T GDH Tld, RA A E#ERS U 7 2 RIERS
ARG L0 HHRWEFEICHIR SN TR Y . FFEOHEEICx L CHilEEN — D1t
LEFEAT— RERRE LA BRI A b~ AT DRSS RIE Shviz, 2 RIAHE
ERAT N OIE, MY TR 7 7 URRIEED O T 2 BRAIEHACE 8 X OUKFIREEN R A A
EE A HE L, BERIGEA~EENICRELS FLE T E0NRB Iz,

PLEDO#FZENN S GDH IZ2W T U HY ROMES % & TS RE R BTk DS 2L 2t
BRICHERST 5 2 N TE T, ZOMRIL. EREOERAKTHHOT-DIZ, fFEiF o
WERTPNEETHL—HITHY , OEAE~DISHRHIRFSND,
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EBHEDEF

WEE T %6332 & K 4 P2V NN ¥
BOCHEAMNE . FE BEXRBFHE MR+ i
Rl BERBOCREGE M (%) Pk fh—
BHERBICH R Bt Bt (B A e
BERESS BN HIR 1t (1L%) Ey | =Y

e (B, B (B EMKREBRHOLERG L. 17 74 4EFHMEECL S
TE I IR FEBERFERE R BLRF O R EZ G CE L, At E X VRS
TV,

BESR B B AR N CREEEVE G B AL R & 2@ U CRI O TR MHEMER-Ofi i 3 2 & o
ST EMBIRZHIE L T 5, HERERTLERE OREEE VB ITAVE O I L 28 EE b2 4
CTWH 7, AmBlR a2 REfE L~V CIEL BT 5720121, WiRP CHFEEREDN
HEE L 2 OBEZ UL T 5 2 ERRAIR TH D, BHHREIT, IR PESEE DE O LIRS
EEREAMRIT FIRE R FIE L LT, 27 T A A B BMETE(Cryo-electron microscopy: cryoEM)IZ &
HLU., R EAE Ch D 7 V7 I Rk FER%FE (glutamate dehydrogenase: GDH) % iff
gektgr L LT, EORERLUCH I L OB R SR U BT 2 @ IR MEL ER & A R LTz,

B TlL, MFEOFMTAITE 52, cryoEM 72 & OMEEMENTE & WFSEOALE D 1T & Falk L T
%
5 ETCIE, AFETHWE cryoEM O REEBLERIC OV T, HEESCMIT LA £ & T
%o FTo, MBI HREMATIE T d 2 Bt X # % A T2 XM EGEL & AR XORR A S
fEMT. BRON BERLUSAIE & 2 OMEGRIFIT TIEIC DN T, ZREnoME A FLR LT
Wah,

5 =BTl AMFFEOREE 72D GDH BESR SIS RIS HBL T D1l R 22 A% 15 % cryoEM 1285
TRIPBUB LIRS R A FLL QU D, GDH BRSO % | 3 FE S P MEAT 23 FTRBZe WM BERE & . i<
TE B BRI EALE RSOV T, GDH — fili% 3R — FRE IR BRI 3% cryoEM A& AT 4
1To N5, BUSHIHPMREEIZ DWW TR, WSO EREL ERIE AT D2 AR, £DHH
DO—>TliL, BERGAIE TOREZHOIIL TCD, F2, EFEE Tl b 0L EiEEs
1FTCND, ZIVHIELR EREIEIZ DU T, I RS & e B B M COREFR SOS O TR A A% 4T
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Spin-Chirality Interplay in an XXZ Ladder
with Four-Spin Interaction: Duality and Topology

| investigated the ground-state phase diagram of a spin-1/2 XXZ model with chirality-chirality
interaction (CCl) on a two-leg ladder, considering both isotropic and weakly anisotropic cases. This
model provides a minimal setup to explore the interplay between spin and chirality degrees of freedom
and is potentially relevant for understanding the effects of four-spin ring exchange. Additionally,
anisotropic interactions enable the emergence of various orders and symmetry-protected topological
(SPT) phases on the ladder.

Spin-chirality duality transformations allowed me to relate the regimes of weak and strong CCls. By
applying Abelian bosonization in combination with two types of spin-chirality dualities, | derived a
comprehensive phase diagram. Furthermore, | developed a spin-1 hard-core bosons approach to
analyze the phase structure around the self-dual line in the presence of strong anisotropy. | have also
performed numerical simulations to validate the predicted phase diagrams and to examine the
topological and critical properties.

In the isotropic (Heisenberg) model with CClI, the phase diagram consists of the rung singlet (RS)
phase, the Haldane phase, dimer phases, and a scalar chiral phase. Within the RS and Haldane
phases, | identified eight distinct regions with dominant correlations in terms of spin, dimer, or chirality. In
particular, the dominance of staggered and uniform vector chiral (VC) correlations in the RS phase for
strong positive and negative CCls can be interpreted as dual counterparts to the conventional Néel
correlation.

The introduction of weak XXZ anisotropy further enriches the phase structure within the region of
positive CCIl and antiferromagnetic rung interaction. Specifically, Néel and VC orders emerge for
easy-axis anisotropy, while two distinct SPT phases emerge for easy-plane anisotropy. For strong
anisotropy, a direct Gaussian transition occurs between Néel and VC or between the two SPT phases.
Although both SPT phases can be viewed as twisted variants of the Haldane phase, | showed that they,
along with the RS phase, can be distinguished by topological indices in the presence of specific
symmetries.

In these ways, | demonstrated that the combination of anisotropy and multi-spin interactions generates

rich and diverse physics characterized by chirality and topology.
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Identifying Community Places by Mapping Subjective Perceptions:
A Case Study of Tokyo's Peripheries

Metropolitan peripheries worldwide are facing new social and spatial challenges. After WWII, many
metropolitan regions experienced rapid economic growth that triggered the hasty expansion of their peripheries
over rural land to accommodate a growing population. As a result, the peripheries of these metropolitan areas
transformed into sprawl: a patchy, scattered, and discontinuous urban form that often lacks clear community
spaces. In addition, today, these peripheries face worsening factors like demographic decline and aging.
Although these peripheries are often considered unstructured sprawl, there are spaces used informally by
residents that function as community places. This thesis aims to identify these places and shed light on their
character by mapping the residents’ subjective perceptions. It focuses on Tokyo as a metropolis with hastily
developed peripheries grappling now with the effects of population decline, a phenomenon expected to happen
in many other countries in the coming decades. This thesis, organized in the following five chapters, maps
community places in two peripheral cities facing these challenges.

Chapter 1 introduces the research background, aims, and relevance. It also describes the thesis
methodology, the selection of case studies, and the thesis structure.

Chapter 2 addresses the urban growth of Tokyo's peripheries after WWII, the configuration of their urban
fabric, and their current population decline through morphological and statistical maps.

Chapter 3 features the first case study: Chofu (Tokyo Prefecture). It develops a methodology to trigger
conversations with local stakeholders about the places they feel attached to and could be considered
community places. The results indicate that although Chofu is usually considered a bedroom town with weak
community life, there are specific places that local stakeholders consider relevant as community places,
particularly informal gathering spaces like urban farms, undertrack spaces, and markets.

Chapter 4 presents the second case study: Minamiashigara (Kanagawa Prefecture). Through in-depth
interviews with local stakeholders, it maps relevant places neglected by tourism maps that nevertheless play a
crucial role in the residents' everyday lives, like informal small green spaces between buildings and formerly
abandoned houses renovated into restaurants.

Chapter 5 comprises discussions and conclusions. It confirms the effectiveness of analyzing subjective
perceptions of place to achieve two goals in peripheral areas: identifying community places—primarily small,
informal, and seemingly ordinary gathering places—and unveiling urban nodes and structures. The chapter
discusses the potential and challenges of these community places. They can play a vital role in the
revitalization plans of Tokyo’s peripheries, particularly those facing population decline. However, they also face
challenges, such as limited access to public transportation and insufficient resources for maintenance. This
section references theories from other national contexts and connects the situation in Tokyo to international
urban literature, suggesting that the method of identifying community places and the ensuing discussions can
serve as a reference for developing revitalization plans in other metropolitan peripheries worldwide.
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WFERY ~—NUELEIND. KL T, RV T7 T3 RY <~— (BBP) N TRERY ~—0D
BT8R 2 A8 L CHIE S 2 FIEE I L, 2 OFiE4@ L TR SN EETO/NS 206588 Y
~—IZOWT, EEONFHRFHIEA L TEOFS AR L.

B 1ETIE, BFARY ~—DEE - B - FROBELIZON TR, ZOMETH HEHEITIZ O
TRE L. 2L T, BETOIIRE ZNETIRT DHIRFIELHB L, APIEO B Z IR~
H2ETIE, BIRRY AF LA X2 ) L— K (PMMA) & PMMA I85> 572 %5 BBP (PMMA-BBP) %
SEIEAREASTRAL, TOPMMA 7 L2 ROEMBERITZ o5 2 & TRFIEOHIEEZ K
Ak L7z ZORER, #k PMMA OAOEEITIX, PMMA-BBP O IEOHEEIT CHETE 52 L bo
7. B, BRIk PMMA & PMMA-BBP O 7' L REGS 73 1 27 DA, £ PMMA 7' L > R
7V OELEBIRYTIX, EEEICRTFE TR ESND Z L2 RH L. 512, ZOMIEDHE
IZOWTEBZLE L., & 3 BT, AFELZASHMEORERARY ZF L2 (PS) IZEA L, #IK PS
& PS #7572 5 BBP (PS-BBP) ZiRA&9 5 Z &1LV, PS ORAEIRITHIE Z Mt L7z, PMMA
& AR, #Rik PS A DBEEHTIL PS-BBP D IEORHITIC L - THETE 5 Z & nbholz. T,
MR PS & PS-BBP O 7' L > RH3 30:70 DA, PS 7L v KU 7T 120%D OF 4 F T b
TIRWEL AT | ~39 x 104 2/ L7z, LLE2D, Z0 PS 7L RiEmu syt & AR T
Pa2 B bR R Y ~—OFLRFHIETIEC RV G Z RSN, &L, TOPST L
RO F KX OBERM: 2 08T L7 fE SR, #RIR PS LIRIZFREOREZ 25 2 L R ST,
4TI, ERLPS 7L N (LB-PS) OHNEEFEAMNT 572, LB-PS OELHEIEITZ miEfEA~
—h 7 HATOL U ZZRTROEH SN TWDIERY ~—OREEEIT & i Lz, 0Ok
&, LB-PS OBEITIE L DONFAR Y ~— L RIFENENLU TR D 2 Enbhrolz. £/, LBPS & L
YRR T DEALMEIZ DN T, JEFRETY 7 MU =7 ETEREN L2 L AR OB IERE D HiRIZ
FOMGRE LT, #55%, LB-PS # L v X B L THWEZ L XA, #IEFTEZET 2 Lz
HHET, WTICBWCOAEMMEEEZ AT 52 R bhotz. LLbEX D, LB-PS T L XRDAIE
ZAIEL DD, EHWRMEGMIRELN ESE D 2 E N ARRENT TR TH D Z LRS-,
HSETIE, SETHONIHEREBIEL, KinLofamz ik~
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NCERAMYE . TR BHERE ARSI PhoD. YR
Bl BERBRFHR Tt T NI )
BERBAFHE L (g BLE LR

BEMESS SRR 1t (T2) A B

Tt (), Bt (FY) 2A7T 5 EAERE OAEE K SCEL [Development of Orientation-
Birefringence-Controlled Optical Polymers via Synthesis and Combination of Bottlebrush Polymers (7~ /L
TR v —DEREBAIT L TR Y ~— DR AERITHIE & ZolcH) | LEL, &5
BEPD SN TV D, ARwSUE, 08, FrOLFERY = —ICBT 08 TH 5. EMBICE
WT, @B A~ — 74 DB AT T, WO 2155 72 OIS EL AR T 2360 T/
SRAFR) =P E L5 TWND., £ TRMIXTIE, ALV 7 73R ~— (BBP) ZHW
T, PR ~— OB MERTT 26 L THIET 2 FELZRE L, COFEZEL THEINHE
JEFTO/NS 22 R Y = —IZ20 T, EROEFFHFHIEA L T O R &2 REEL T 5.

B 1ETIE, R v—DERSZOFHE, I OIIEZEORBEOELIZONTIELN, £
OIETH BT OV THIREZ LTS, 2L T, HEFroIUREZOMEE wRT 57200
B R FEPH S, RO BRSOV TRRHEA TV S.

B2 ETIE, BIRRY AF AKX Y L— bk (PMMA) & PMMA {lIg8% & DR FL 7T VR
J~— (PMMA-BBP) # S £ XFAREATRALT, £O7 L KL= PMMA OFLAERIT %5y
4252 & CRFEOHINEZRGEL TWD. O 5, #ik PMMA A O#THT1Z, PMMA-BBP
DIEOEHBIT THEATEDL Z LEEXI LD TS, KT, Ik PMMA & PMMA-BBP D7 L > K
EeAN 73 027 OBAITBWT, £0O PMMA 7' L > RY o 7V oRdmERITIE, Bl E IR I
FERICHESNAZ LA R L. &510, FOMIEOHEIEICHONWTHEELEL TS,

B3 ETIE, AFEZASHEORE AT ZAF L2 PS) ICHALTWD. T4bb, #lk
PS & PS fIgHA2572% BBP (PS-BBP) ZiEHT 5 Z & T, PS OELMMEIRITHIMEZ AT\ D
PMMA & [FIEEIS, Ik PS A OEEITIL PS-BBP D IEOERITIC L > THEATE L Z L2 L
7. BRI, BRR PS & PS-BBP D7 L > REEAS 30:70 DL, PS 7 Lo R 7L 120%0D O 7
T THD TERWE MR TH D [An| ~3.9X10* 2R Lz, ZHOHDORREIY, ZOPS 7L
v RFREE, @SOS Bk S IEEETTEEZ SRR ) ~—OF LR TIEC R0 ED =
ERIRRENTNSD. 512, D PS 7 L RONFEMER L OBIHEZ 50 LI-f5 5, Sk PS
LIZEREORMEEZ AT L2 LR L TN D.

42 TIE, EFEPS 7L RaBl (LB-PS) OAMWELZFHMEI L CTW5. 9725, LB-PS O
MR 2 EHEA~Y— N7+ v A TOL U AR TR BEH SN TWAEFRY v — DR H4E
JEPT &R LTV D ZORER, LB-PS OEEITIXZDONFRY ~— L F%ED, TNLLTIZRD
Enbholz. 72, LB-PS L XRIHEHAT HEMMEICONTIE, F#FH Y7 by =7 ET
B L2 L RO MERED BRI X W BRRE L 7=, ZOfES, LB-PS & L v X EHE L THW =
Lo AR, BETEZZEE T LARNNIrb 6T, WInbEfMGEELHETLZ ERNbho
7. LEX Y, LB-PSiHL v RO AINZELZMIE LoD, ERMRMGEMIREL M ESED 2 &0
RERENT-NFMELCH D Z E bl

FSETIE, SETHELNIHEREZBIEL, KoMzl & & BICAEO S %O R
Y L RESRMEIC OV TR TN S,

PLEEF BT, AOFEE, TR ilmilc X2 7 mak L IcHEN 2 b L, PR Y ~—0
ICBWCHEBITCET 2R OMEEZ R LD, Fiz, ToOFREEHAEZBEL, BER L
R —OWRFRHF R BITo TV D, DO EMIZ IV, SR O Foi b0k e
DL v REOFIENFA~DOIEANKE L Z ERMFIND. S BIT, FiiotF st
IR ORI CZ OB HUEL 2 HE LIEED T, MEIORK = X MEIZ b SRR b RS 5. 2Dk
DI RS, KX OFEF I L (T%) OFMEZTIEERR DL LD EEDH.
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Development of bioinspired molecular systems
inducing emergent dynamics of soft matter
(V7 h~Z—DRBEREA T I ZAeHET 5
AT A ANAT — R332 2T LDOBAFE)

AR AT ATIE, BEROGTFPES LRSSy N —7 BRSNS Z & T,

EMORETH 2NN %E) (XA T I 7 R) BEIL TS, LEB-T, Emr A
T LHMEFOBENS [TV AT A EERTHZENRTED, ZOXIRpFUA
T LB LCEME T 72012, ZRETRU IV, a7 ki_"— |k, =<)Ly g iR
EWo VT M X —LIFHIND R ODEREZ WA A ARAL T — NMEF
VAT APHESNTELN, 70 RS — VR OE RGN SE Y T hvH
—DOEMRNR AT I T AEFHEETLHZ EIIRETH o7z, A TIES TOBLEND
HEHEITOZET, VI M H—DHFAFTI T AZFET L0V AT LERIE LI,

BLIETEH, V7 b~X—2HWIAbFE AT A& HE LARED B Z R LT,

F2ETIL, 2ROV I NN R DMBRES KO- Z B E Lz, N~ 7V
T I 7 a2 — AR EERZHRIT 2221080, o> 7L FELED
BEBIOENICE) ~ 7 a A7 —Lip s 7 LR ORI 2 2/ L 7=,

%3 ETIE, 2 T TAIRLL 72X 7 VAR O TR A R e 7o R 2 el 9~ <L
kD7 7 A NR—R~DORIEEZ BRI E LTc, X7 VRl < 55 FRIME EEH 25355 L
BICGEE o T I VLB LT 2 & T 7 7 A =Rk ORI A 2R LT,

4 B TIL, X7 VRO Z i & filAE A RE 2R B LB SIS B D oy XS 7 L DB
WEEME Lic, XU NVEERERT D@0 D7 a Ry — VIR E NG &%t 5
LT, IR R Ie R I RO REE AL DB A& R LT,

#5 TETIE, EREIENRY 7 —a T R — MEZ RIS T DY AT LD
B Z BAYE Uiz, JOSEMEMEEEMY D 2 7 0o A r— Vi F G b et 5
LT, IR ARV T v X — OISR OF R A2 R LT,

6 ETIE, 2RO~ Ly 3 VRIS X DEMEEOFEEZ B E Uiz, JanEME
REVEVER 3D X 7 v A — 725y TREERAG 2 RG22 & T, WM EDH TA Ce
XM O EAERIC IS w7 a A — V7R O£ 28 & w2k L=,

B 7ETIE, Ao R L OREIC OV TR LT,
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AMCEAMEYNE . A BERBN MR it (D% R K

Rl AL BRER R TPt A

BERRN AR Mt (D) R B

BRI R WE (%) FED Ak

Tt (%), &L (%) /DAEHHEREOFAEE R SCT [Development of
bioinspired molecular systems inducing emergent dynamics of soft matter (' 7 ~~ % — @A
I B A F IV ABRFETANAFTA AN, T — RS FI AT LAOR) | LHE
L, TENPLERINTND.

B1EIFWTHY, EERVAT LD VAT AE LTOMIEEZREL, ¥ 7 K
v = WAL FE AT A EBEE LT 9 2T, AFEO BB RN TNS.

B2 EmTIE, ZMAEMORERBIEICEREZSE T, ATHRE LTHEAINR TS
I NESETFVEDTAMRES RO EZHIE L TWD. KEHE LA A UEE
DIAHAEDORIHESEB/IERH L, T2 L TEEORV 7 VR 25 SE T,
RUA=FLBIOBYTF A— P A ZDORY 7 VRN T ORIRLZ 2L LTV
5. HKEOREIIA A MALORELZFEST 52 L THIERIEETH Y, itk v
7 VIR O pH 2z & b 722 o alaitE, N THfk o B CEsE Rt 234 Z L 25
IZLTWD. BT, XU VTR 7o R By T 2 AT 2 & T, WA
PHAWERU AN TGO~ = 2L —3 3 VOB, A R RT3 54
O EE WS, SR HRIEREE AT HZ L E2RL TV,

W 3ETIE, B2 ECTAR L= 7 AR THBEORIRHIE 21T 5 <<, HED
HEICEB L, BICREE STV I A ZHALNGH LET W) flifHERFEIC LD 7
7 A N=ARORU 7 VRN TR Z AL L T 5. G507 7 7 A Nk & fL A
ALY TCHEIZREZHIETE A2 &, X7 VNITEMER 2 AaATte = & TRAA
FRAWE~= a2l —Ya RNAfETHDHZEERL TS, £, V7 HNICE
BEE DR SN R MAIATe Z & T, 7 7 A N—IRMBN AL T T A DMERET S
WROFHEZR L TV 5D.

B4 ETIE, XU EHERTLED FICBGETSEEOEREEZEATHZ L
T, XU IOVEOFEIEME I TR B REE N 7 VORI AT > TV DL EITHIT
£ TFCES M COBILEIS DN RIFFICEIT L CIBEREE S RENZ 72 D & 9 1 %2 B
5L, TOXRYIIVIEOREELIZE b 72> GEITANREIC X v Wa otz
HAHIET D Z ST LTV B,

B S ETIE, JSRENCEbR- T, BEEEEFT LIV IV EZENERA LN aT
TR — &2 AW FRERRS FTRE A L T AT DO EIT > TV D, LB MER
BUEME 5 7D 03 TR DA L 0 Wiy AR OB N FHE S s 2 =2
L, ZOMEBIZE B> TEIRZME OBV IAHMNERSIND Z L2 RHLTW
%

w6 mETIE, REEHAIKERET A~ T doshiic kv BOEET 5~ A4 7 1 A
— MY A XOWE % 7T v b7+ — A, SNBSS T % D Tl o £ 28 o
BRI LTS, SRS T TORISEMN DO BRI E © 2> C, Wi B
KR A 2 AN E L, FROMBE/ERICHES N T~ 7 1 27— L rikil O LN 268
MBI ZEERH LTS,

BITETIE, SETHELNZAREZE LD, AFEONREZRIEL TV 5.

PLEZEF 21T, ARWFRITARERE L 5 T LFICEf L, LDl 7 rRr
— NS TEAGERDO~ 7 a R EAPE T 50 T AT AORREHE X UBI 2 ik
LebDThHY, Mot an s FRmmbs, #EMEY 7 h~7 U7 v0sy
FIZBWCTEL THEFETDHEZANDRI RN,

L oT, KinxoZEHIIHE L (L) OFi2Z T8N LDO LR 5.
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< VT —H AR EE S < BB e RERTE T L DS

AiwmlL, N2 OHHTHERNLRBEZ BT 22— b (FEVT 1) ORMEL
0%, R EEHEHWE VT =G RIS < BEEREET 7 L ORI
Db DO TH D, BEMICIE, ANRABEBEIMRELRETEY 741 LT RN
v 7 DEPMINAEE > TS ZES W] LW BEFERZGEATHEIL, T8 T 408
AN Z IR L, E&Wﬁ7/7%ﬁﬁﬂkbi"6DWﬁWWW B EIZBT 5w
U)7e BB A THIFTRE 7R E 7 VOMELZ B E LTV D

A LT, %ﬁﬁ@%@&xﬁ R OMBETH D, (DH @k%%@iéﬁﬁﬁé
ELVT A HTHEBROMWEITENDH D 9 21T, [FHROGBEMED RIS L > TEH)
Lﬁém,®ﬁﬁug@%ﬁiLyi@ﬁe@%m AFET HAREENH Y, THIOT-
D DAL BT SRPAFE L2V, ICRLT 5~ b FE— X U FIRIZEES < AL
B FE 7 IXEIRO PRI T 2 FIEAREL, FRABL CEORMEEZMRIEL TN D.

AFmlE, 26 EICL VIR IND.

%1ETIE, MHEOER, B, BIXOGWwmIUERZRL TWD.

H 2 WTIE, SaEEMB OGS, R ESEe T OLE Lcv A TFE—FIER

DFEEINNZEET 21T T 2@ R LB L, AEOMNE ST 2R~ TN 5.

% 3 FETIE, KX THWD /LT E— X VIEROFARIERD BRI DV TRE
WL, BEFEOERICHDIFHE L OBEGmIRILAZ R L TV 5.

4 ETIE, EEY T 4 O HEEEZ T3 5 Referring Navigable Region # X 7 %
%42 L L, Trimodal Navigable Region Segmentation Model (TNRSM)Z #£4 L T\
5. FERzZ@ELT, TNRSM 23X U T 4 BOFHOMWE DENZHMiEL, SbiZ, fil

(BT DI HROEFEMEN RS L > TEHEN T 5 BEEIZR L TIRMICH L TE 5
z Q:%ffﬁ 5L TN5.

5 ETIH, TEEVT s OHENMES THI T %5 Vision-and-Language Target
Positioning # A7 %#xt4: & L, Target Regressor in Positioning (TRiP)Z#£% L C\»
5. EERZE U T, TRIP 25 BIEMEO TR W THIHERERABLR AE L 722 WO
BUCRRANTH L TE D Z L 2L LTV D,

56 BT, K XOMFEEIT, SHBOBEIZOVTIRRTND.
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EBHEDEF

WEE T %6343 & K 4 ARG EA

OCEAENE . A BERSOCAEER [ (FEee) Bl Al

Al BHRRAEEE WL (I A K

BERBRTFER Wt (T9) SEARLES

BRER B T+ Gl L

Pt (%), B (%) MAEAEREOPAGERR UL T~ TFE— 2 NAFRICHES
SBENEREMEET LVOME] LEL, R6ENLRD,

Kimix, Ax OBl CHEFLBENZ IR T =—T 2 b (FEVT 1) OFERERD,
RELFHE LNV TFE—FNVERICES S BEHEREEE 7 L ORERICI Y AT S
O)’Ca%é BARMICIE, NS BB AIREREE Y 7 2123 LT TR N T v 7 Omnn il

B E - TLIZEWV LW BERREZ 52 T2 5AIC, T8 7 0 BMERNA 2 BRI L,
BWRZ v 72 HEIE LT, 2O MIOER B2 53] 7 B E -2 T 7] §E
RETNOBELHRIE LT D,

AFRICTIL, FRCERMROBE X X 7 (R OIS 5, /L TF T — 2 EHRICED
< BAEALE F 721X mE D T Fa'@ﬁ‘”é?:(ﬁ%i’ns LCTWa, BRIz, DEBRESEO L D
RERDEXY T 4 HTHBROMWEIEND B D O 2, IHFMOGEMENRESRMHFICL > TE
B L1525 . (2) BARNL @SRRI E B OB O#A ffﬂ‘éj PERH Y, THIOTZHD
B 2 AR EE R DM E L 22 WO IS LT 2 FELZRE L, AL CTEORIMEEZRL
TW5,

%1 ETIEL, HEoE R, BN, BLUGIUEKZ L TWD,

2 ETIL, SRR L OGS, R L SEATTLE LI AT E— X NEROME
HIALERIZ BE T 5 S TR, B X OB B Y 7 2BICR T DI HFAI A BB L | AFZEO(7E
FER TN 5,

%3 ETIL, KX THW D v v F B — X VIFHMOR A BB O BRI OV TERR L
RETEOERICH 2 FEE L OHEERRILEZ < LT\ 5,

H4FETI, BEESRCE RGBHEGBAE A E LT, T VT O RIEMHEKEE S AT —
var~wAZ & LTTHIT 5 Referring Navigable Region # A7 x4 & L, =ik, RGB [
%, BXORGBEGNOAR LI~y T A v 7T AT —2a v~ AT DI ODELY
7 4 %# 5 Trimodal Navigable Region Segmentation Model (TNRSM)Z# &4 L T\ 5, &
Bz 8 U C, TNRSM 23E 4 U 7 4 M OEHROMEEDOEWEHMTEL, S5, HEIZ Fa'gﬂ‘éf
FROBHEMENBREE S X » CTEET HRIEIC T L THERMICHALTE 52 L 2 H LN
TW5,

W5 ETIE, BEME XL RGBEGREZATIE LT, EEY T ¢ O HENEZ B LD K
JEDJERE L L C T4 % Vision-and-Language Target Positioning # A7 Z %4 & L. Bi#hfs
RCEHEIND T v K~y —7 & BEEALE ORI INLEBIAR &2 BRI E T vk 5 Target
Regressor in Positioning (TRiP) 42 L T\ 5, EBZ#E U T, TRIP AT > K~—7 L HIE
ALE O N E BIR A2 B[E L. HAALE O TR I TR 22 LR AU R AMFELE L 722 W RijRE

RN HILTE D Z 2P LN LTV 5,

56 mTIL, KX OMIELITV, SBOBLEICONTERTND,

PLEBEF 212, Keasd, iR L SiEx2 AV~ F 2 — X UIHERICEE S < BEhfe R B
B3 2E7 MBI EOREHMNZREL, FREZELC CZOANEEZHALNILELDOTH
D, LFEFGTLEARDRIRN,

X oT, KGXoFEHEIIE L (L% OFNEZTL2ERNLD LD LD 5,

\)9
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GAMPAL: A General-Purpose Anomaly Detection Mechanism
for Internet Backbone Network without Labeled Data
(GAMPAL : A %=Xy by I R—raxdg L Lz
TN E T —F B L LWL R E BRI TFIE)

Bxiery NU—D AR T H4 F—F vy by T R—U1%, SRR HES

DB Z T HAMERND L. £o, WKL NI 7 0 v 7 088l h, FHEREFTHAH)
PRLL, b7 747 OBROBTEREFRREHMT D DITE L.

AR T, Xy Y= BT A5 = B T 4 ~DBER, F 774w
7 DRFTEEBE LI RN biewn., Fiz, T4 E2 T2 20T, BEOREE
ETMCFEIELHFABLNDR, TG E T —FITERNEEL <, £z, BEXE
MT NV TERINTCREFITRESINTLE .

AN L, BER ST 7 4 v 7 O 2P HMNICHRIT 5 GAMPAL (General-
purpose Anomaly detection Mechanism using Prefix Aggregation without Labeled
data) ##%ET 5. GAMPALIZ N7 7 1 v 7 1F#HE LT, 5 ¥ 7@+ 537 > |k
EM L7 —FHREBEHAT LS. WK 7e—%20rT2572%, BGP (Border
Gateway Protocol) DfkEEFE % H 72 7 v —4EK 5 Prefix Aggregatwn BERTD.
Prefix Aggregation (X F7 7 1 v 7 ORFEICEH L, BGP BT HREHEHRTH D
AS path ® —¥AFE L 7o —%ZEMHICERNT S, = @%f/ﬂﬁ{i%{f PA (Prefix
Aggregate) &1 %. Fio, FFHMRENOTZD, 5 5D Z A LAy N TS NMIx:
TR LT 0= A ZADORRINT =2 /BN T 5. ZORRIT —2 T, FERIBENEFIC
THET VEHEEST L. GAMPAL I3, 7D~‘H‘/l’ DT HME & FERE A g9 5 2 &
T, T ET—Z 2T, WHIZEE ZRaT 5.

AREENL G H,@W@Mﬂlk&%ﬂﬁmz%%%bfwa\dfﬁ,F?74Vﬁ
DOk x 72 EIEZZE L, LSTM-RNN (Long Short-Term Memory-Recurrent Neural
Network) ZH\, 7r—H% A XOKRIT—F b, 1 DIROZA LAy hOT 1
— YA X TRTIHETNVEME L. £, 7a—P A XOTHNE & FZRED 275
D7z DIZ, 2 DOKRINT —Z OMEOE|IG 23 i+ 5 FHfifEtE NSD (Normalized
Summation of Difference) % &% L7z, #Hli Ti, F24E TRA LI RE HL 2 EMIC
1 B0 7 v —H% A XOFHIE L EZRES S PA 12 NSD 3K, 4 PA @:l:i’]%%ﬁ
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L7z, ZTORER, B¥OH-7-HIZNSD OFEHNRRKE N L 2R L.

—77, V12T 4 D DOEN B o 1=, BTIVEE L FREE IS A EHEEN KT
o &, ETNVFHIRHOE~Y T 4 7 AZERTE TWRWI & BE O BIERR
ENHREEZRZ L. 2 LT, BEPRIMESNT PACRHHEZ/HETE RN LETHD.

128 & 2OHDMBEICK L, v2 1K A L AT s BIFRNIC B4 2 B 2wl
L7cREfFsE L 7 e —Y A X% EET MLz, £/, ZoFXi#E L7z RFR
(Random Forest Regressor) €7 /L& L CTEHHA L. T A ~DATTORITLEIL 288
WD B TRTTICHIE S, £7- RFR X LSTM-RNN kv §#HEER DR, £/, 3
SHE 4 OHOBEIIK L, v2 IXETAOTREER O THIEH 2 E&R L, TR &
FERE D Ll 12 L 2 FE R AR L.

v2 OFHTE, vl ORI CHEH L7z REFER LRI, THlHH A2 5 U EHIE &
i L7, Z2OfEE, BSOS Kyxy NU—7 %250t 7n—0nNET5 PA
TIE, BEDOHSTZH DI, FRMES TRIFEM 2 5w LRE & LTSz, £z,
TN ET =R EANTER LT =2y ML DBE T, HERET 93.1%
Rk L7z, Al ReT — 2 1282 508, HHERI v © 81.8% bl EL-. £z,
vl T, BT /VFE L PREREHIZ, GPUZHWTH 4 HE L TV, v2 Tld 8 =
7 CPU ZHWTHK 283 3 Th o7, LLEORHET, GAMPAL OfFE & FEMMOUE %

WLT-.
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EHEDEE

WEE T 26 6344 = K 4 A A

AMOCEAMYE . A BEESSEAN A R it (T <Fhd X5

Rl A BEESSEAN AR it (T =¥ 5

i N it (T W K=

ENZIEHEA TR M (1) @

Bt (I5) FAFHEEREOPAEE R ST TGAMPAL: A General-Purpose Anomaly
Detection Mechanism for Internet Backbone Network without Labeled Data (GAMPAL : 1 > % — %
Y MY I R—=2 B G e LT TN E T —F 2B L LWL R FE)) LEL
PIOEMOH IND. 2Ry MU —7 ZMEICET 2 KR Fmy FU—7 Th
DA UE—=Fy by I R=UF, P ERADEFELY A N—HRp Uifx R R REROR
B2 o s. EEFERFTORR N7 7 0 v 7 BB S NEE N Z —
MTHDHTD, NTF7 49 OBEROBLTOREHRMINETHS. A ¥ —Fy "y
RN—r DL EE DT DI~ I B FR 2P AT L RN 2 BB H 5
2, BTy R = BB T2 A= 8V T 4R T 7 4 v 7 DRpEES
B LI FARDR . EFT N ET =22 HWTEFOREEET VICEE S5 K
INBVD, TV E T —Z I TAERDPEE L. S SICHRE RN T L TER SN RS
ZRIZRESNDATREMEN & 5.

1 EIARXOFETHY, AFFEOE R, BRI, HEIZOWTE LD TND.

FL2EIA U H—=Fy b NT T4 v 7 G E LT RTINS o B2 Y BT,
BIFTEDEIZHONTE EH TS,

P IARGR LT T D UL B ki n /7 . GAMPAL (General-purpose Anomaly detection
Mechanism using Prefix Aggregation without Labeled data){Z- >V CTik<XTW 5. GAMPAL (% 7
T4y B h ISR T D Prefix Aggregation & iEFE L, HEHIHANL TH D PA (Prefix
Aggregate) il N7 7 4 vV BETHT HET VEREET SH. GAMPAL IZEFFERN NT 7
4y 7 EICEXDEBIIERAL, NI T4 v BOTHNE L FERE A T 2 2 & TR
WCRE AT 5.

% 4 X GAMPALV] {2 DWW TR TV 5. GAMPAL vl % LSTM-RNN (Long Short-Term
Memory-Recurrent Neural Network)Z£¢H L, b7 7 4 v 7 BEORRIIT —H# 06, 1 DIROF
ALATYy NDINTT 47 @&ETUTHETNVEMEST S, F 8T 7 0 v 7 BOTHIE
& ERNE DS 2 BT 272012 2 DOWRERINT — Z OHIEDOEIG Z 7 i3 2 7 HEE Th
% NSD (Normalized Summation of Difference)% E# L T\ 5.

%5 5 %X GAMPAL D2 EIC[AF, GAMPALvI OFERE & fEk 7tz DD TR R T 5.
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Development of Surface/Interface Sensitive in situ Soft X-ray Absorption Spectroscopy

Techniques and Their Application to Studies on Photocatalytic System

This thesis investigates the surface reactions and the interfacial properties on photocatalyst
surfaces under gas and liquid environments using in situ soft X-ray absorption spectroscopy (sXAS).
By integrating advanced synchrotron-based techniques with new experimental setups, this work
explores photoinduced charge transfer during photocatalytic water splitting under realistic
working conditions and interactions at photocatalyst-water interfaces. This thesis consists of the
following 6 chapters.

Chapter 1: General introductions
This chapter provides an overview of the scientific background relevant to this study, including
heterogeneous catalysis, in situ X-ray absorption spectroscopy, and photocatalytic water splitting.
It outlines the fundamental principles and the current challenges in the field, highlighting the
importance of studying interfacial properties under operando conditions.

Chapter 2: Research Methodology
This chapter details the experimental and theoretical techniques employed in this study. It covers
soft X-ray absorption spectroscopy (sXAS) with different measurement modes, X-ray photoelectron
spectroscopy (XPS), and the specific synchrotron beamlines utilized for the experiments.
Additionally, the chapter introduces the computational simulations performed using density
functional theory (DFT) to complement the experimental observations.

Chapter 3: Charge Transfer in the Co-catalyst loaded Al-doped SrTiOs Photocatalyst under
Ambient Pressure Conditions
This chapter focuses on the development of in situ sXAS methodologies. The newly developed
conversion electron yield (CEY) cell enables direct probing of photoinduced charge transfer from
the photocatalyst, Al-doped SrTiOs, to the co-catalyst cobalt oxyhydroxide (CoOOH) at oxygen
evolution reaction (OER) sites. Spectral changes observed at the Co L-edge under varying
conditions reveal the critical role of water molecules and hydrogen evolution reaction (HER) sites
in facilitating photoexcited hole transfer to CoOOH surfaces, thereby enhancing photocatalytic

efficiency through effective charge separation.
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Chapter 4: XAS Measurement Under Liquid Condition and Water/Toluene Structure Near Au
Surface
This chapter extends the surface-sensitive insights to liquid environments by introducing a solid-
liquid interface-sensitive sXAS cell designed for total electron yield (TEY) and total ion yield (TTY)
measurements. Systematic studies on the Au-H,O interface demonstrate the sensitivity of sXAS
spectra to both interfacial and bulk water regions across multiple detection modes, including TEY-
sample side, TEY-counter electrode side, TEY-dual electrode, and TIY. The results highlight the
capability of electron and ion yield modes to selectively probe interfacial and bulk regions in solid-
liquid systems, providing valuable insights into surface chemistry.

Chapter 5: Solid-Liquid Interface Structure of STO and CoOOH in Liquid Water
This chapter presents further advancements in the solid-liquid interface-sensitive sXAS analysis
of SrTiO; (STO) and CoOOH surfaces in contact with water. The findings reveal significant
differences in the electronic structure of these materials under liquid conditions compared to
vacuum. Specifically, CoOOOH surfaces exhibit a high-spin state in liquid water, while STO surfaces
show partial electron filling of Z2g orbitals due to interactions with water lone pairs. Additionally,
the interfacial water structure was found to differ significantly from bulk water, displaying an ice-
like structure on STO and a water structure with reduced isolated OH groups on CoOOH.

Chapter 6: Concluding Remarks
The final chapter summarizes the key findings of this thesis and highlights the contributions made
to the field of photocatalysis and surface chemistry. The chapter also outlines potential future
research directions aimed at further advancing synchrotron-based studies of surface reactions and

interfacial properties.
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Embracing Uncertainty: Resilient Robotic Autonomy

for Rough Terrain Exploration
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People Identification and Secondary Action Recognition Methods
Using Depth Sensors in Vehicles

Our study focuses on exploring methods for identifying people and recognizing secondary actions
using depth sensors in vehicles. With the increasing implementation of advanced driver-assistance
systems (ADAS) and autonomous vehicles, accurately detecting and interpreting human presence and
behavior inside and around the vehicle is crucial for ensuring safety and enhancing user experience.
Depth sensors, which capture 3D spatial data, offer significant advantages in tracking movement and
recognizing activities and receive little impact from changes in the external environment. This research
aims to develop effective methods for people identification and secondary action recognition based on
depth sensors in vehicles, contributing to safer and smarter vehicle environments.

In Chapter 1, we introduce the background of depth sensor applications, as well as people
identification and action recognition technologies to date.

In Chapter 2, we address the limitations of traditional RGB-based people identification in vehicles by
employing 3D Light Detection and Ranging (LiDAR) technology. 3D LiDAR uses infrared lasers to
generate a detailed spatial representation without revealing personal details. We focus on enhancing
identification accuracy by overcoming occlusion challenges in vehicle interiors, particularly for backseat
passengers. Our approach includes converting LiDAR data into depth images using Dynamic Non-linear
Mapping (DNLM) and employing generative image inpainting to reconstruct occluded areas. We validate
the effectiveness of the YOLOv5 model in recognizing individuals from processed 3D LiDAR images,
demonstrating improved accuracy and privacy protection.

In Chapter 3, we address the limitations of traditional action reco2gnition methods that rely on RGB
data by utilizing a Time-of-Flight (ToF) depth sensor. ToF technology captures depth information based
on light travel time, maintaining high accuracy across diverse environments, including low-light and
high-glare situations. We introduce a novel deep-learning model for SA recognition. Our model
leverages Convolutional Neural Networks (CNN) for feature extraction, enhanced by a Spatial Enhance
Attention Mechanism (SEAM) that focuses on critical frame areas to enhance spatial feature analysis for
accurate action recognition. A Bidirectional Long Short-Term Memory (Bi-LSTM) network is integrated to
capture bidirectional temporal dependencies, further refining action interpretation. Evaluations on the
public benchmark Drive&Act dataset demonstrate that our model outperforms existing state-of-the-art
models for SA recognition. Ablation experiments confirm the superiority of depth video over conventional
RGB video for SA recognition under varying lighting conditions. Our contributions showcase the

potential of integrating CNN, SEAM, and Bi-LSTM to advance real-world action recognition applications
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through enhanced spatial and temporal modeling.

In Chapter 4, we improve the time sequence component with Feed-Forward Attention (FFA) based
on the deep learning framework proposed in Chapter 3, by incorporating a specialized time-sequence
module that enables the model to extract more relevant information within the time-allocated window for
secondary actions. This enhancement has led to a notable improvement in action recognition accuracy.
Additionally, we introduced advanced data augmentation and super-resolution techniques to diversify
our dataset, enhancing the model’s generalization and adaptability across varied scenarios

In Chapter 5, we conclude this dissertation and discuss future work.
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