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Thesis Title:
Development of 3-Dimensional Polymer Optical Waveguide Circuits and Their Applications
to Channel-Shuffling Devices

Polymer optical waveguides are needed to meet the increasing bandwidth demands in modern
data communication technologies because they are one of the potential solutions to improve the
wiring density and to reduce energy consumption. The polymer waveguides have already drawn
much attention for realizing optical circuits on printed circuit boards. In this thesis, 3-dimensional
(3D) polymer optical waveguide circuits are developed by applying the Mosquito method, and their
applications to channel-shuffling devices are proposed, which are highly anticipated components
for full-mesh node networks in high-performance computing systems.

Chapter 1 introduces the background of optical interconnects and motivation of the research.

Chapter 2 discusses the fundamentals of polymer waveguides and the fabrication
methodology. The details of the Mosquito method are discussed in this chapter. This chapter also
introduces the basic analysis of the active comments, coupling techniques and the optical loss.

Chapter 3 summarizes the fundamentals of the shuffling structures for PCBs. The shuffling
structures are needed for interconnecting different central processing units (CPUs) with full-mesh
networking topology for a large capacity system. Furthermore, the backplane is designed by
deploying the network topologies depending on the interconnecting networks applying the
channel-shuffling circuits. This chapter also includes the applications of the shuffling structures.

Chapter 4 describes the 3D S-shaped graded-index (GI) core multimode polymer optical
waveguides. As an application of 3D waveguide, a 3D channel-shuffling multimode waveguide is
introduced, providing the optimum height gap at the intersection with the optimum crossing angle
and bending radius. Several experiments are carried out, and the requirements for the optimum
channel-shuffling structures are obtained. The structural design of the waveguides, fabrication
conditions, and the experimental procedure are also explained in this chapter.

Chapter 5 introduces the 3D single-mode circular core polymer waveguides. The single-mode
conditions are also investigated using a FIMMWAVE solver. In this chapter, 3D channel-shuffling
single-mode polymer optical waveguides are also introduced, providing a suitable height gap at the
intersection with an optimal bending radius and crossing angle. The height gap, bending radius, and
crossing angles are also determined by investigating several experiments.

Chapter 6 concludes the prospects of the proposal in this research and also discusses the
future plans for successors. Through this research, the author proposed the 3D polymer waveguides
and their 3D shuffling structures to improve the wiring density and interconnecting networking

circuits by applying channel-shuffling waveguides for on-board and backplanes of the PCBs.
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FLOMELZFRE LT, RETIBAE U DMNEZIIET H1-DITNER 3 DD
INT A—=5 (FEHE r, 186 6, Hiifh @) D56 r& 0%k FIEITRINZD, ¢
ERETHFIEIIGFIE LR oTo. T TR TIE r & QI2NMATHAA ¢ ZIR 1
NESRRE CIRET D FIELBRL, TOERIZHKI LT,

AL 1 FIIMEE 5T, NV L OB FS IS B3 2 e e 2 il L,
AW OAE ST NIREND. 5 2FETIE, NV LY L EEREE R RIS
5. F72 NV HLOBKILIEFHME O 2 BRY & LTI SRk~ A 7 2T
YT T OREHEMERERHMT b RSN D, 3 ETIE NV FLESRE P —ItBIT 5=
A iR m L SV AR CEED TRIZE S S HEMSREER Lo, 7=
E— L AN E AW EENREFA Y CBRANCET 2ERNARIND. H4FET
%, B— NV ZHW RSB Em I 5. Pz, B A v #Ez v
RVEREHANE &7 vy 7 2R3 25 2 & T, 304 uHz &\ 9 @ JE R S ffee
PIFOND &N, 7 N—TIZ KD FEBREROBRPREND. KRITHRERSG LT
HEAY O =WILZEMNZ BT DALERFETFEN RSN, ¥4 YT RHRO BC A
B OTALE (BEEE n, A 6, Tl @) ZRETDERMERNRSND. HHE
TEHAMLDOE LD EAHBDEENRIND.

UEZES 51, KX THRESNIZNV PLERWZE T RE, ZOREH
W ORI A Y OALERE T IEIX =R IeZEMIC BT AR rE D fEre = B3 5
H DT, B+ L~b MRI OEFUZ AT 722 IR 2 &0 9 RIZRB W T LFH
T DT TR,

XoT, KGXoFEHIIHEL (L% OFMNEZTHERB DL LD LD S,
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Development of a Lagrange—Monte-Carlo Scheme
for 3D Plasma Fluid Simulation in Fusion Edge Plasmas
BMEENE 77 A~IZBT 53R T 7 ARy I 2 b— g STz
TTT T a - T N EORE)

iz X—iFe L THIRFF SN TV DG CIAOKEMAEETIX, Forbdrtiansd
BRI RE T A~ i@ L CEREEIC S KRB - ki T A E 52 5. 2D X5 728 - ki1
AR ORI TIEEZRET 572012, BERBICBIT 77 A~k L 2 L—y a3 Y oEtEREl,
FRZ 3 RTTALBERS BEN TS, LML, FOYIalb—ya BN, ERET T X<
R 7R (1) BEORRC AT HR & B G0 & TS A D =X ANRKRE S BAed, (2) kv, &
i, TRLX—OFMEE TR REEA D= A LNRR D, (3) BEERTIIY—ANLD
FIRISERR SN D, E Vo WHB S AT UL LLERCBIERE T 2 kbbb,
LWL D, ZTRNETEME T 7 XA~ 2B A FiEE LTERICHW LN TE AR
AT, RO L D REHEYBIBR S OB E ZBIC AN ET3RIT~ERET 5 2 & TR L
EZzoND. U oW sEiE 2, AT ClE, RABRAKL 12 AV 728 L 3 oGt E T
LEORRE &= OBIEN Y HERGEE B E LT 5.

B1ETIE, AMFEOFREED - BRICOWTRRITWNS.

W2 ETIE, AFETHWE 7T X~KET IV« PRI FE T ONWTE LD TS, 75
R WIRET L L LTCIE, —MAI7 Braginskii HRRR A o2, R FEfeo, BER 7 moE
BENT U ADOK, A AV KROPBETOZINAF—NT U ZAOXEBRNTND. TR T-I22OV T
AT T L E N TN D,

w3 B, RARER TEACEEL T AaE (LLF, MC ) 1oV, BRI/ RE
BT Y e B RS R ETFIEICOWTHER LTV 5. 1 Roeiiio BRI R BN R BRI % 5
ZMCIETRE L, Wig - RitE1T-o T 5. ARARIEICEREBER GRS 2R ET D4
ERHDHN, T4V 7 VEME, /A~ FHEE2ICR LRY 2 FIEEZHA LI L TN S.

B AT, MRMEICE LT 7T Yok (BUF, L6{E) IOV THRRTWS. g
iYL T & D MC IEDRIYED XALH T o A IE~OBEAMEZL T L B 622 TR, £ 2T, FEE
IZMC EZ XM XL ORIEICEH L, ZOf5R, EIABEOBGH e Iz L0 IEMERR 22 iRz
o TLEIZELEEZHLMNMIILTWD., EBIL, ZOMEEEIRT D722, B DB & Rk
ETHLGIET— RERE L, LGIEIZEBIT 2 E/AREOLZN 2B B EHTHH 2 L%
RLTWD.

5 BT, YU EOBENCHES X, khiilcxt L LG 1%, BT %t L MC 2 V7= L6-MC {E & /-
WCBAR L, 1IRITCDORTEDRZYMELBIL L TWD. EHIC3WICHERICITEL, AFEORK
KAETH D 3 IRITIEZ~DILEOF A2 R LTV 5.

B 6 EITMEmM CTHY, AL THEDIVZHL L R EZ RTINS,




EEDHEE

WEE S 35247 & K 4 8 R
WOCHEERNE . EE BERBRYUEEE it (1) P —/
RlA  BREFRE KR it (1) i3V iP5
2 E 3 SRR [+ (T2%) , TeknD VEE B
B 235 B W Ph. D. £73)
BEERB R EER Tt S B

Fh (%) - Bt (L) EBRFEREOPGEERFRIIL, Development of a
Lagrange-Monte-Carlo Scheme for 3D Plasma Fluid Simulation in Fusion Edge Plasmas (£%fl 555 5+
J&@7 7 A<IZBIT D3RS TAVHEY I ab—va il rIrya -8 r7h
VEDBRFE) 1 CEL, 6 EMNLERIN TV,

Bz F—JHe LTHRF SN TV DG CIADEREGZEE T, PO bt S
LE - RIFIIBENE 7T X~ %l U CERBEIZ S K28 - i TR a 52 5. 20X 9728 -
KL AR OFHFIEZBRRET 572018, BRBIZBIT 577 A~viEy I b—3a ok
REAL, FRIC3 UL EENTWD. Linl, £O¥Ialb—a B0 TE, HHE
7T AITREA R (1) BRI FAT I 10 & BT & TREA I = A LRKREL SRR D, (2)
Rif, EEE, TR —OREE TN RIIEA D =X L8RS, () BRI —
ADE DFIFIFEDR SN D, & Voo WHBIG A T T b LLERNCEER RS2 2 L3k
HDHND. LNLBRRD, TRNETENET T XA~0 2 RnBiERREFIEE LTEICHWLR
TETARERIETIE, EFEo & 9 RS MY BB R OEK 2 B I A7 BT 3 ot~ YLk
L2 EIIREEEEZ OGNS, D EOERERE 2, AT, RAERERL T2 0728 L
3 RTCEAEFH R TFIEDBSE & € ORMER 72 2 S ERGELR B & LT D,

B1ETE, AFEOFER L AR - BERICOVWTHEITND,

B2 ETIE, AR THNW T T AMEET L - MR A ET LI ONTE LD TN D.
7T AT T L E LTI, —f&AI7 Braginskii SRR A I, RiEgEOR, BERRIT I
DI FENT L ADK, A F U RPEFDOTLNALFT =T U ZOREMNTND. PR FIC
DOWTIE AT ET VA2 TN S.

B3 ETIE, BRI 2Rz e T hreiE (LUF, MCE) I22o0WT, BEFGmMHN-D
AN 2 2R BE R G RRE FIEIZ DWW Calgam LTV DL 1 IRGTHEEO R AU AR AV 2R BE L 4
52 MCIETREE L, g - REt21T-o> T\ 5. AIREEIEICHNEEERS ERELE 2%
ETOUENHDLN, T4V 7 VEME, /A7 FHESELICH LEL R FEZH LI LT
5.

FHATETIE, MRMEICELZT 77 Y aik (BT, LGIE) 20Tl TN D, fEs
W72 L T oo D MCIED R KB T 2 BE~DOEHAMEIIHT LS TRy, 22T
KL DEFEEL, FEERIZ MCIEZ B ORMEICEH L, £ ORI, EHARED G725
W KV IEMBRN R RIZ I > T LE D T 2N LTS, 61T, ZOMELEERT S
eI, RFOBE LML +25 LGiEa— FEHR L, LGIEIZEBIT HEARED (2
OB NAEHTHLZ LEZRLTND.

5 BT, DLEORFHIESE, MICx L LG L, #EBICH L MC % MV 7z LG-MC
EZFTIZBRE L, 1 RIEORTEDOZEYMAMRGEL TV D, S HIZ3 RcHFEBICHEERL,
AKFEOREAETH D 3 IRTTEZ~DIEO A EZ R L TV D,

6 EIIMmm ChH Y, AW THELNTHA L MR EZERTND.

Uk, B9 21K, WG CIADEA IEE IR T 28 - ki A o6, O Tix
FEROBMEREEBUCAT TEELRDIERE ST A~ 3 RTLT T A~k I 2 L—
Va VAT T LW A FIEA L L b0 THh Y, L% EFET L L3077
V. Ko T, KmXoFEFITEL (LY) OFNEZITL2ERBHL LD LD 5.
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AR S AT A B TRIC K 2 KIS TP & BB OSLIRE ST ST

B EAE ISR TR G 1 & O AEERCAEER  E 5 AR & 2| L CllaoE
FPEHERFOMI L L W o o AMBIR ZHIE L TV 5, ERERBUBRRE O & AE 1T 84E & &K
Ko+ & ODMEMERIC X 2EREEZ(LEZE L TV DD AmBl A2 FREL L TIELL B
RS D7D, WIRFP COBEBAE O - BIEZ M2 2 EDNEETH D, ARUFIE TITEIK
TR BB O S SCENEE 2 AT RIRE 72 A & LT X #/A 8L (Small-angle X-ray scattering:
SAXS) & 7 T A A - BMELIE(Cryo-electron microscopy: cryoEM)IZFEH L, 26D FIEIC LD
EEEME - BIROFHEITEZEEL, 2 2EREICEAT 52 & T, ZOAGMEL BT
e BT, FEAEOMSEEREOMIICER LT,

SAXS Tlx, REVE AEEIROBEL S Z — o b | B EESSAIRE, HFER EoREHE
ETHRAE DAL, ETIERBRI S TR EELZEA T 5 2 & TR FHITE 5, SAXS
TOMEHRITHE B HEREAT 72 & & R TR MRE TIEH 208 mWHNERFE B HEATENL T
SMTHEENC L 2 EHEMEE(LERSITHETE S, L L, RS FIRHEEE T THIE
o FIEIRITITR B 2 N S 3D D o AWFFE Tl 2R &M 2 F W TEEDOHEE TR D
HLHH LWEIREZS S FIEERRE L, BT L0 bENT R E ST, ZOFEE, LIk
ERRGPATHS T ZREAE 7+ b b7 0 b7 a s BORERITIZEA L,
JCRPEFEZHIET 2 7+ e BT HFEIEZAEAIE TO SAXS 77— 206, BRI & #
BERAA VELEZRE L, HEERIUZ L > TEL D U B EIEMER R D X 1 = X W &Ky fiRhe
THEE L, F7-. MEEERZH Y 740 7B ABIZOWTIE, Z7r~ 757 1 —& SAXS
PO LT SAXS 77— 426, 74 h7 b B OSAEGELAIER L, REHE SN~
#4 ~ 7 v A BIZBIT DR MIEIROZLE Y] 5N LT,

INOLOMREEHER, SHICEWVWOMECHERTENEOBEZLERLZ LA BRL,
cryoEM % W72 E AT IC 42 2 O 72, cryoEM CTHUS CE 2okl SN2 E P E OB 251X
D TRETHHESERENR SR EOFOh a7+ A—va VIEESND EE XD
N5, fto T, REDR NS EAEIREICOVWTOFRMEOND EHfEEND, LvL
2B, cryoEM (2 X 5 E FVEENEMAT FIEIIRA TH D . # MDa F2E D7 EO I E
RIZRBHZOW T DT D35 > D DI T D, AW TIL, cryoEM BOFFOIEH % 4y 78 /)
FUal—varnbSon o LA G DY D I E TCEABOEBREEZ N T D FIEE
72T BRZ%E U BEAF FE CIIMRNT 23 R W RE 7R 4 15 280 kDa D 7 /L & X el /KB IR DRI C
OIEEENT~ LI LTz, ZORER, FIFEROMEE AL NZELD T ) A— v A —F—0Dik
it 5L L b, TOEHOHHZRLF—HIZLH< Z LITRII LT,
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WEE S 555248 = K 4 Kt BEi
AN . TR B JE SR K R A PR i R
R B E SR BN A it () i A A

B E SR BN A it () P fh—

BERBRFUESYE  f (T9) Mo

4 (), Bt Bl KRHEERERIEOPAGERGR UL, DI EMATIERRIC L 2 KE
BHEAEONAEENE CEL, N\ OOREIVERINTWD, EHE ISR oAk
mo & OMAEMER, MEEHS= R —EH e SI2 L0 | Ml OtE R MR- R L Vv o
T MBI OB ZHERF - HIE LT 5, BHEDNERERE T COMBE LR, 245 0K
K1 & OMBAERIC L 28BEE (L2 R Z D, EMBlREFEfRE L~V TCIE L < BT
DI, WP CORBEONAREESCEN AT T2 Z LN AR EBZ HILD, Kiw X TIHE
TR AV OREIECENAE 2 fEHT "I BE 72 X #/NA H0ELIE (Small-angle X-ray scattering: SAXS) &, A
W AV 2 RO L CRLER T D 7 T A A - BAMER A (Cryo-electron microscopy: cryoEM)IZF H
L. ZHHFEICET 2EAEME - BiEOFTHARITIEZ PR - BE L, HEOLEY FRICEER
EHEICHEHA L TEOAMMEEZRGET 5 & & I, ZNENOBEEMFIZ1T> T\ 5,

F—ETIL, RAEOHWEIIEOME, Wik TR EOMIENFEOBEEMIZ OV TR, A4
FEDONLES T, BB LI ONTE L DTN D,

5 "RTIE, SAXS OIEREHGR L AERD S IR PRIE Z MBI L. SAXS TORE IS HILRE G
WIS 72 & L R TIR D REE TIEH 528, mWHIESREE B B E 2752 L COMMBEE 72 2
L OEPEMEZCEEGICHETE DR ZMmB LR G, BIEORMBERZIER L T\ 5,

=TI, (EROIERRIHEEIE T TR SN D 55 FIRRICFEE AN S N H H 2 & 2R
L. Z2EEMNTZHOTCEROMERRNPOL LD L LWEBRES L H LW HIEZRB LT Z
L. DI, HEMEREZE LT, RFEMERELIY ENLTND Z 2R TNS,

S VU B N OVER L8 CUd, BTBLARNT VL 22 NEARREIE DS R AR C & DAY L3 5 8 BV E O & AT
WA Lok 2 HmE LT b, HBNETIE, SEEELHET 274+ M e ErofF et
SZRAZETOG TR EE R AL VELEZREL, SR L>TEL D Y VE{EiE
M RDOA D= AL EHEEL TS, FHHETIE, HEEEREHS 74 F 72 A BIZon
T, HbRiEfE 7 n~ N7 T 74— & SAXS ZOFH L CHEET =20 b, ZOREMIREDO S
EEEEZRE L, REXMERDO 7 4 M7 v B ORERIEIRE{LEZBH LN LTV 5,

FNETIEL, SAXS K0b @ W EE TR R E ONAREIECENBABIZE TED cryoEM (IZDW T,
FOREAEE L, BEAEBIBIEIEE~OMHICBIT MEEHER L T\0b, HEETIE
cryoEM O RFIHIZ AT, B BEIEEE 2 5 781 ) 7 CF S 7 2 BB 2 VTRt A

<O HLWEAEBREMATEOBRRBICOVWTER LTS, SHIZ, kL 7L I UK
LD N AA EBFITIZEA L, £ OPEIREZ AT kT 5 & & biT, ks TR
Thole FAA VEEOA BT RLF—HEOAGUICHRI L2 2 L@t LT,

WZIT, FINEIZBWTARIFEARIEL , FERAZ2HFEREBRICE KL W5,

Pk, REmSLOFEFZ L, RIS 58 AE O AR E GO E 2L & 7T 5 72 D O Fri figsT
TIEAMBIZBRE L, 2o OFIMEE BARKMIORT Z & T, BEAEWFOMIETIERBIZKE L
Bk L2 F 25, £z, WEXSR & LAY PR EE R E 0B OMEE - BEEHEEZ B 62T L,
FrlZ, MEMICB T oRELE v o AR OBRIZHBN L7 LR T E B,

KL DOH =B E-EEDONED, FHl O @I SCANEEIZ R E 72 3= I D 2
L. FElo, KSLORED, IKKBEF EHFEGT5L2A0RD L7202 &b, KinslDOEHEIL,
it (BF) OFMNEZITL2ERP DL LD LEROLND,
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Novel dynamic critical phenomena
induced by superfluidity and the chiral magnetic effect in Quantum Chromodynamics

(ET-ESAHTIT DHBITE) & A T NAEKERITER U7 ey 72 i i 5

BRREE « BIRANY A ALFERT v v VIZB T 581 071% (QCD) OAatEid 4 #
it 2% = L1k, Fh T OEERRORMRMEDO —>TH 5, T E T QCD O
[ZiE, BEWE ORIR « ERARERE O R SIS Z T, DR S OFIENHEERIIC R
BN TWD, =Dk, "NKaUMET +—7 « T—F 2 « TT X HOR O & IREE
RETHY, b O —2F, B T@EREEE 7+ — 7 BRI O O SBEERA S TH D,
HA A UERERTIIZNL DR AOBIRZ B L TEBY ., ZOifF TOMABSR %
HRMIZTET DI CITEERREE 2> T D, DT, HA A4 U HEERTIL,
ERE LR LA TNVEBRGEHREETH b EME LTS, ZOREMNZR
BN, Ws &R CHINCERNEC DA TR TH D, BT, T4 T MRS
RIZE ST, TA TABKIILE PRI DB R BB D Z LR bI TV D,

AL TIE, £7. @EE QCD ARSI ORT R /X —H2hBim A HEEE L,
Z DOFR - BIRER R BB 2T, ZORR, BIE 7 + /v O EH AR S 2 R T
ZEERM L, BT, mEE QCD ASOEM = "—%1UTF 7 J7 AL, @ik
FESRSDZI E B2 57717 T/ <. Hohenberg & Halperin (2 X 2 HERD/3FEIZYS Tix
ELRWVH LWL =R—H VT 4 I TRATHLI L ER LT, ZOHLWNZ="—H%
T4 7 7 A, QCD IZRA R A A TV FRIE DAL ORRIF AR L IRE) 7 + / - OfH
OMESERICRINT 5720, EEER R SOEHETOBMERRGE2BHT 5 2 i,
m i QCD WE NI ENEZ T 85 LWL A 5.2 5 2 LT b,

WIZ, WHH D QCD OAA TNV "KM EE 2, BINERBSRE B A 7 VRS
RPMAICG R DB LR, 20D, B1FEEOYREZET0IERIE Langevin 7
BAZHEE L, B D ZABEZHWEMIT 21T o7, TOMKER, ROBR = =/—1
VT 477 A%, A TNVEEKENEE 1A TR DFTEIC L - T, 76RO TE
TIE NHETIVA EMEND I TANEEDDHZ BRIz, TO—FT, A4 F
IAESRIE MRS 2L, B ROLFECHAET L2 bbhole, £o, ZOH
L1, KR - IRIAFREER O FE R SOEEE T B W TN S LT D I O R & R U B AR
B TR DD Z L2 LM LT,




EEDHEE

e %5 5249 = K 4 BIEE 2
WMOCERAHEME . A BESRPUCHMZEEE Bt (F) A A
Rl BEERBEOT L (FE) - B s BT
BERBICMESTE Mt (F) PakS 7S
BERBICHMESTE Bt (F) MIL BT

F (B) BT (BF) WG B O ALK ST, [Novel dynamic critical phenomena
induced by superfluidity and the chiral magnetic effect in Quantum Chromodynamics (& -4 /)25 1)
LHGE) & T A TR RITER U728 ar R B0 A BIE) ) LU, 26 EX VM STV
Do
BRI « AIRANY A IR 2B 707)% (QCD) OMEZ BT 5 2 L3, Fhi+o
FEVERLI DRI EDO — D> ThH D, ZTHNE TOIBNFIIZE > T, QCD OFHMEEIZIEZ, N e
VHE T k=7 TN—F s T T AFOMO RN A L . BBRENE & 7+ — 7 BiRENE
DD & RS R OFENTRE SN TN D, FEXFRIEA A B3R i, 2415 QCD i
RAOBRZHAEL TBY ., TOIHGE TCORABRLZHRITET 2 LITHERERREL - T
W5, [FRC, BA A ERERTIE, B FRE LR LA TNVERGEZIRET 52 L bl
DREBRBAETHY . TORER RGN, By & R CHEICERSBELCD (04 T MEKEIR] &,
TS THNDEER D [ A TAREKH ] ThD, FHIIARmLITBWT, @mHE QCD I
FRICI T 2680 - BIERRBIR L | A T BRI RO IR QCD S Al s 1T 2 §#i - BIRIER
RARA~OEZ . TN ZNAO THRAICH 52 Lz,

B EIIFmCHY ., ARIEE - AIREE QCD OMFEDOBLK & | ARFZEEOMEN B ST
Do

%2 FTIX, QCD L ZDAME, BLT, I A TNERIRE A T IVEERBIZ SV T O
WIERBEN TV D,

#3 T, AR THO L HGRIESHA BT S TV D, BINEABREO 2= =%V 7 ¢
77 ADMH D%, EERRBIG %2 5a3 5 Ginzburg-Landau BifR & B A TR 2 50k 35
Langevin ¥, X HICENENOHERICKT 20 ZAHFEOHFENFIR I TN D,

%4 E T, BB QCD AT OK= R VX —HHEm A ME L, T O - BInEEREL
RPN TND, TORMK, BRE) 7 4/  OFEREPENRZTRTZLEEHLNILTND, &
Bz, @EE QCD AR OB = N\—H% U F 7 7 A3, Hohenberg & Halperin (& L D7k D
DEEBITEH LN =AU T 4V TATHDLIEERLTND,

5 HTIE, WRBESETICE TS QCD O A F )V KA 25 2, BIMBERRZ LA T 1
BRI RPN G 2 DB TN D, £ BFREOMREETIMIE Langevin HHER
L L, WICEI K O ZABEZ W 24T > T\ b, ZORR, RO ="—% 1 T 4
7T AW, A TNERNRE A T IVEBERBDIFAEC L - T, RO SHICBIT 5ETVE 2D
ETIVA EMEIND Y TANEEDDL Z L ER LTINS, T2, DA TR MRS D8,
PR R DI CHAT 5 2 E BB LN LTV D,

FoHTIE, flame L TAMIIEOMREN T LOLNTVD,

PLED X 91T, AWFZEIL. QCD WE DOBIRENIES T A T NWHERERIZ L - T, BN
RBGNEEINOEEMITEESNDZ 2R LD THY , BELRKETH D, FFiZ, FHL
WEI == U 7 ¢ 7 T 2 E BRI R L7 AR ORI, M= L X —WRpIicl E S
T EEABROWEORBIILS BT 2b 0L LTHSIFHMETE 2, Lo T, KL OFHILHE
+ (BF) OFNEZTLERPHDL D LR D,
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WEERS 555250 =5 K 4 ks F5

F i CE 4
HET =4 U EIRILEY SroVFeAsOs.s &2 A=
RRARERRAAA O & G L BB B B 3 B AT

AFHSCTI, MBS H 2 A v ~OFE R HIRE S 5 B EHM O AREER FE S
JEJ M ESELT00MY A%z £ L DD, BB S 5 BIE K IS
X3 DTE T D EEBEE R AR B E (woH) B2 &, F72, % U T OHIENES
ThHHIERRDOLND., TZTEHERINDLEMIERELS T =4 v E@Ribaw
(Mixed-Anion Layered Compound, MALC) To 5. KX TIIMALC DOEDTH Y, H
(REHRRE IR B (To) 38 & Y woHea DS ELEZHIEI VY Sr1aVFeAsOss I H T 5.

% 1 B TIX Sr2VFeAsOss ICH H LB %2, BIEFEHA SN TV b 5SS H 21 Lz
B DB EZOMBES & & HITh D, ZD%, SnVFeAsOs.s & V72 BBl i bt B %
DBRIZBNT, DR EDRKLETHD Z L2l 5.

% 2 BTl London HHEX/) 5 BCS Hin O E I G 2k X 7-1%, KL THW =
T VE T D X #REHT - BRIEPTRME - BLHE - SEM Bl OB 23 5.

5% 3 ETIEZLAE T SnVFeAsOss DERGFE R A MET 5. BIETAKIINZ, —HH o
EHIXR L, —EINE TRERTH DAy 7 LA (HP) ALER ATV, IKZE R 248 itk
B85, KRB0 R X BREITNE — o NHHERAER L OB - ER AR ET S.

55 4 FECIE, Z458h SnVFeAsOs.s D EEELIZ LD Jo ~DEELE @53 5. HP JLEE
SN LhEREREIOBALFED e A7 U A0 5 Bean E7 /VIC LY Jo (magnetic Jo) & H
3%, 554172 magnetic Jo 1%, MEEAIZEDY 0 TIZBWT 124, 45 TIZBWT 48
G ERT 5. Lizdo T, —#lhIE N 2SEE O Je 17l EIZEZTH 5.

B 5 B CIES A S SraVFeAsOss iBHZ DWW T, mFE FOBRIEHHIEN R E 51
CEEBIRE (T) OFREZWET S, £72, 6 = 0.116(2) 122\ T, Gorter ET /L5
woH(0 K) & 39 5. EIINE 2N 2.7 GPa D & &, noHo(0 K)S EF-4 5. Z i3k +1k
R LD /NS 6<0.116 IZBNWTEY @V poHe 3G 65 Z 8 2R LTS,

¥ 6 ETIIE 4 EOMRABEEGMICER L= EE L LT, BEEa 7 0mEE
FEALDORAZET S, BB a7 OEEEICED void B8 L, ZHUTX Y J 2
285 A em? 2\ 9%, SraVFeAsOs.s & W T2 B RERA T I\ T, void JEL THESE KR
NHN L, BEEHMO Te BIRIBRDT 5.

[ FE S CIE AR 2155 & & D30 CTHE LW il SraVFeAsOss I8\ T, BiAE
WA SEDZEN S M EICEETHS. 22T, H7TETIL2012FEIZYH THRE SN
oA AR & AR E S AW IRAEIC L D Sr-V-0 =t R {bEM DA% HET
5. 5T Sr-V-0 =t R b W% SroVFeAsOs.s ki A i DO FTERMA L L THWS Z &
T, LV EBEMIZIEWSHES SnVFeAsOss AT 5 Z ENTE 5 LIRSS,

FYEDMEMCIIFEIENOHTETHONTMAEZRIET 5. £/, ZhbDmiA
% K12 SraVFeAsOss IR EMM O X 5722 J O EIZmT 7268 27 5.
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AN . TR B JRE 35 A U it (T%) R B
R B E SR BN A it (T%) foty  IERE

B JRE S5 A U Ph. D. HAK mF

B EZR BN FL F AR Lt KHE

E+(T%). Diplome d’ingénieur ‘AW FHE O EimXiL, EE 7T =F VEIRILEY Sr,VFeAsOs
T RO BRSO mER S EREEICBET 2450 CEL, 28 Eh LMK IN TN,

MBI R 2 a 7R UCER Ui 13, sBan R A2 LB L3 5851, b bRk
W RV E, AR, R ORI R ATEE THOWON TWA, BEGM O HIT. JIE~Y 7
LED MR Gifford-McMahon #HEEIC L D EBRINHKIEZLE LT 5, 2D OB AE
WCHW D EEE O/NRIZIE, BEFO Nb-Ti 7 £ OGS RBEEERE WM IC S, XV EiRT
0.5-12 7 A7 O &S F COMERZ AR & T 2 BREREZ H WM R LETH D,

FF LT 2009 2 Zhu HIZ K0 HE SNICEET =4 VEIRIEAE Y StVFeAsOss (21113V) & =
TIELE UTo RS  O/ERL, PEREREAM. & OVAERESANIZRE T 2B LRI W THET %,

B1EIFMTHY ., a7 ke UTHERT 282 mIREBEEA 21113V OO BRE LA
KB A e L EAT T 2R R0 B, BAREIRIZ IS T 2 B O SME & L CoOBREHRS
IREE(T), FEBER A (He) B FEIRE (). L OBMAER Y 1 & 210k L T2 b3 2 THERS
IROALFARR &R | I XV IRESND T & L COREIREE ] 285AT 5,

F2RIFHTHY, BEREICETLE M. MR ET V2 SHBISE. T2 bbERyEE
& U COBIRERDOIRIR &2 1+ 5, (L0 AW R X RREr, AR E FBEEEIC W T
AT 5, WEXROEETFOESEIRE, MKE—A 2 MIE, X My U FRES L
DOFERE 2 W Tl BIG ORI Rl S 4L 5,

53 EITBEER O T E L THW: TEE T TARR S 7228 21113V OfERL 7 v+ % |
BEET S, WETOAKTERZ 21113V ISk L T—HihiE F TORWHE(R v h 7 L AHP))% i
L TR 72 DOFEH21113V-HP) DAL Fflk, fhdallim, & OZERRSRBER D) Z L 2R T\ 5, &
JEFCAR S 472 21113V 1%, 2019 4E1T Tojo HIZ L D #iE S 7= 21113V @ [ERFERIEE L&+
) OMENZEAST D, ZAUTX L, 21113V-HP I%, Tojo b D ELFHAKRFE—ThH > Th,
BT EREZ T, ZOMHEOMRRIL, WEICTHHIND,

55 4 T (X 21113V-HP OB E IR AT 3R, BREHIE, BKE—A LV FeRET 5, HIETO
B THETZ 21113V IR AL — T > TH  21113V-HP D T.13 6 K FEE VN, 21113 V-HP
IXERR KIR DA U DA RN LE O DN EE T TR SN L Bpp L BERIND,

55 BT NI D 21113V-HP Ok LMl Téd ¥ | 21113V-HP |2 3 GPa f2 £ DO Ff K+ %
FInL72581c, WHETOREIZHST, 1I0KBE TN ER 752 L 2WmET 5,

96 T, ThH DR R WM ERL & BRI B ORI DWW TR RTS8
REAM OERLICIE, Ry — 2, By —RAD ZHO L —AREZ VT WS, 4 TS OINEIC
XDFEMEIZE D, Wb IBREERT D, 1EINEICE D T —TRE2ERT D, 7 — 7 HRITAR
[, ZERRBBINCIRL 725, T— 7D J AT, BRI 6 fFE0,

57 EIX, 21113V OFEMEHER TH 5 Sr-V-0 Z T RILBEM DA F ik & AR E 5+ %2 iz
B A et O A pk & B A2 S T 5,

8 EIL, MARERTH V., 21113V AW - BInEHRM O J, LR O HiEwmERF L T D,

FRm SO, BARERRA OVERL L GFE & W D B D F 72 B3 JER RO Yl 2> BN T2 8 5 1
FE - BVLERE COMERIT o XA THE UGS, a7HEE LTo 21113V OFRZE L & OEHE(GE
N L DEEBG A~ OB WP LT L ER BRSO ORI EI VR LI DO THY . T
2l TEEFEGTDHLEZANDRLI RN, XoT, BEHEEYEZIL., EmXoEE I, LT
DN EZ T DHEED DD H D ERD D,




WEES 555251 = K 4 AL ST

+ i E 4
& BRI IR R 2 — BT BRI L X A F I 7 A D
IR & - HIENC B A AT

BRIGITEIR DORULZ A F 2 7 ZAOWEIE 1940 05 1980 EARIT T T3 7 o s ik
TREANTHFIE S iz, — 5T 2000 E{RICA D & RGN TEAfr o m EIC ey, B o s X
WELTEIRTAAE VIREIEHT A~ ) =7 A0, AV UAEHMEORNLTHD AL
METEHAT AL hu=7 2L W o 28 LW R, TR L, Rt iR Créft
A FI T AOHBERROLNLTWS., LML, WlbkZx A F I 7 2A%&2LdbT 5
Landau-Lifshitz-Gilbert HFERITIERIEM D HRXTH 272012, HERKMNIRITHEATT
LY T a s AR — L ORUNEREMEIR T, ST O DRIERE IR 72D, 22T
AT, Y7 27 gy A7 —) LTI T U 72 SR R R A O IR 2 1 )
7 A e FEERHNCTHR D FIEZ T L, IR X 2614 & S REEEIC B D HF9E 21772 - 7=

F 9, WEMEROBALD —RRICER T 2555525, ZO%A, MbX A I 7 A3 2 H
R SR (L ER R B OEE) & 70 0, BT TIEIC LY, EEMICEMCTE . flziX, 5
PEDOIRVRIEMER ORL & KR S 5532 TlE, ZEREBMELZET— KR S5 Z &M
WEIN, BbXAF I 7 ZAMXE L TEENICEED BN, L, ERIZRREEIC X
0, ZOBERREL ET — RE2BU L7 ITIE & A L, UMM IR DB RS K DM
REAEHOMIT HI0I2IE, TNEBEFRERT LWERTIENRD D, & 2 TR
7% CliL Cooperative Switcihng(CS)1E% B L, BIHEL EE— RO EEENRFEEAFEL <
T2 ZOfER, “Saddle-Node 47iE” & FEEN BB/ T, WAk Ok ZEEh M 23 R 2 21
TAHHRSE BTS2 LW TRRE LT,

WA, BRBEMER DIERIERAL XA F 2 7 AL, =2 OEIREELOBLE ) & BEfRT 5 D)
—ETHD. ~ 7 ) L, BEOREIREE R T HiE TELIZLOTHY, HH-MIZIE
AP LI AEMAMEE— R ThsD. ALV EOMEITSHMEIRIC L ViR S50,
TR PE DMK < RSN G MY 7 2 7 v v A7 — L OIRBENER TIE, #0450 HE%R%
ENTRC RS Z EMTE RV, T2 T3~ T ) VHELE I D IERIE~ 7 ) B S %
W, w7 ) UIKIREED R A HET 2 EBRTIEARE L, TOEIEIRI L. ZOfE
B, 7 X7 v UEO NiFe fll#R T, #HREC L7 REHIE R T~ 7 Ny RilR#—F—
Ne=7 ) VHRIRIEO = R VX —Z)0N 5 FREREILS R EEZHLMMNIL, ERE~S
J R O B  FREIC e D T L AR L LT,

BRI, FERIERAL X A F 2 7 ADOEZhREIEIHE U728 LWL A BBl B &2 e L
7. W73 BEOEI A — LV TCIIA Y U AEBIEORN TH D A B BB 5
25 bV BEENT 572018, AU EMILA AT I 7 AOMAEERAPE SN TWD.
UL, AV UMARE LT Pt REOESBEHEAT L L, WHIRICL Y ESETICAHE
BENERL L, BULZ A T 7 ANWET HMER S - 72, AR TIL, 2016 4412 Pt & [FIFRE
DAY VARSI R Z 7T Z ERIME STV D BRSO ER-A ARSI H
L, fHHEEBEEZRE Lz, ZORE, AN LEBIR~OLBDZRN, BRNHD AL
TRAN~OEBRI O S K/ NS MK THD Z L2 RR L. ZoMWEICk Y, BRERL
EBEASLTY, POX I ITHALE A F I 7 ANRE LRV, ERICIERIERIML X A F
ST AEETESEEZEZHND.




EEDHEE

WEE S 555251 = K 4 LS TS
AN . TR B E SR BN A it () REIR =2k
R B S B A il TIRE

B2 EFEERR 2% it (B Pk fh—

BER AR AR i (T5) L7 A

PR, ELEP) M T EEIRE OPAEE R S, SRR EAER Y — 2B 1T %
IR Z A T 2 7 2D @A &M - HIENCBE 2028 LREL, &2 8 L VR IND,
H1EIIFRTHY . IERIBRHME A A F 2 7 AWFROHE, KR D BRNRR5N TS,

B 2ETIL, EMERAL T A T I 7 AL A UMICEAT 2 EBHERNE LD LTV D,

F3ETIE, ERICHWEFRFOEREFIEESEIEFRENE LD LN TN D,

%4 ETIX, IERIERMEZ A T X 7 ZAORFRHISEIREIZL A2 % L7 Cooperative Switcihng(CS)
EOFBE L ZORGEREREN T L O LN TND, BULEEN KRG, R X A F I 7 ATHAL
ki EORUE & U CRAIPIICTHIRON TR Y, SERMALT A T I 7 AMERHET 5, —F,
BRIZ2NEES D, O OBPERTEMEBIEE TE TR o7, BME~A 7 aiflc kv Rk
FAT I A& L, SRR GTEM B ZBCAA v F T35~ A 7 a7 v A MGk
(MAMR) CliE, EEARICBWTEIMELEMZ2 BT 5 2 L NEB TH D, £ 2T, WLEEMDO=T
FNX—DOIEFERZ | 7OV AR &~ A 7 a i ORIFEINING X 26 A A~ T2 T RED B
% CSIEEBR LT, TORE, mlE~4 7 alEs 97 7 v g NiFe fiffIC 5 2 7256, &
EHRIZ 3 5 =k L X —[RbE 3 37 RS TR+ 2 2 & 17 BLELT Ol EREIk ChERE
NN E 72D 2 728 MAMR ) EEE R 257,

%5 FETIL, 100 B2 E TH/IME L 7e v A &= 2 CSIEIC LD, FERIBEA A I 7 A
\ZEEHI IS BN D DI B S 4 7 X 7 1 g NiFe i CBIEE LTz, ZOf5 R, Wb OmgrEEs) A
DIINBBETH X U TR LT A E2HA L, ~A 7/ a~ T X T 4 7 AFHHE LD LY |
Zivhi“Saddle-Node 773l A FEERICE VIO TRBIZE LT b D TH D Z L B3I L 72,

HEETIX, AL VIROIEMEA A F Iz AL LTHMbIS 3~ ) VBELBHARICERL, A
DSy B RERR & IR BEIR TR AR R A £ Lo, RIS TR T ) A — VREER T
X, BRI RD b, 22 T3~ 7 VHELESE W T~ 7 VIR R A T
RLEBRPEEZBRE LI, ZOFE, %77 0 4§ NiFe fI#R T, HEEC L 7 50BN T
BJ—F—Re~7 7 VEEREO TR VX —EE SHEREITELZE2HLNIL, R~
J VRO @R I ERE T DR R A L,

BT ETCIL IERIE A A F X ADEE R LT A B U R BR R L 0 FEE
REEZAT - 72, A HUEMHEASERCOD DK X ekl 2 A & Uil WV 2 06T, sl
REDEBEFHRIZE D . A IRIC K DIERIERUL X A F X 7 ARhE I S b BER S - 7=,
Z 2T, SOl D/NS 72D FREMALIC L BE& L RSO AL Uit Ak LB TFEICER L, A
v A DR M & BRBEMEIR & DTN R 2T, O/, A U b B~ DR
D, WEEHELD BIEFITNE L, SOICHEEDRBIZFEA LRV EERA L, £/, R
(REFE OERMEEICHERT D22 HT LA U IAEMEEIC LY . 2D OEBRERENFHHTE S
AIREME 2R Lo, ARRRIE, Er 72 A EE) &R AR 2 W A B AR O FREEZ R~ T H DT
b, AV bR AMEHBICRESBERT 2D TH D,

8 ETIX, A XOfEREE LD THEMEBRI TN D,

Pl b, ARGwsCiET ) A — VTR D IERIERIAL X A F 2 7 A DRI « B - HlEC B
THHLWHRZEZLOTHY, AV ha=7 ZAOEEWHE, THEHAICKESBEMRT 250
Thbd, £oT, KigXOFEH X LERD) DM E2Z T HERNH DL LD LFBD D,
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B35 12 & 5 %1972 poly(ethylene terephthalate) 7y i =12 0 BH 5%

Poly(ethylene terephthalate) (PET)iX, £k4 Ze HiZ CHWON A ERMIAED 1 > Th 5, ATEK
YD IAITE - T PET SUSOFEIIHIMEINICH 5 —F7 T, FOMIIIIRZBREICH L TE
BRI72FENRA I TEY, BEE I TWD, 2070, BRERAR ALY 1 7)1
EOBFBRD ST D, ARAEIZ K5 PET QB IBFI72 54 F CHUGRIEETH VY | PET
DFEHEA W Z L CTE 720, RAR PO U YA Z ~EA RN E L TER ST
Do THET, HxREEDINDG PET NREFENFE SN TNDN, ZO0RIZ—HL T
W7D, RIEERGITIEE > TWRY, FHF I, PET offEEE ORIETEIX, BUKA72 PET &
BUKH 223 & OO BEAEHBEEDIRI NERETH Y | Z O AN OBCEDN DRI 72 /31T
DIRMND EBZ T, FITAMETIE, INOOMAERZNET 2 FEOMRBEEZEMN L L,

%5 1 B TIE, PET #rRAYS RIS (PETase) DIEMEZ | £ OFFEAN 22 K dE A 2 R ) L Coleg L
T2 FEIZ DWW TR %, PETase (FF DOEWEER(l = 9HIIKMINTWD L H 2, REMNIE
B LT-BE TH D, AFETIL, PETase (2 X D PET iSRS, Mid TIRREDT =4
PESETEPER 2 092 2 & 23 100 f5 LA EOIEMER BIC el Z L 2R L, LT, 2D
IEMYEEL, 7 =4 R EEERORINAEE Ch D PET £lad 7 =4 kL, ZhizL-
THFANED PETase & OMAAEMZIME L7 Z LITEKRT2Z 26T LT,

%2 BT, 1 BECRR LA R EIEEAI ORI TIE & B RE AL A, IHEWE PET 23 fi#
%56 Thermobifida fusca cutinase (TfCut2) DIEVELFR T OW T~ %, TfCut2 I%, PETase & &\ 4l
[Al14:(51% sequence identity) % 7~ 9" —J5 T, PETase & IIXxf DT =A DK M (pl = 6.1) % FFD,
Z ZTCTHF A MRS ORI L ATEE~OFELRTF Lo L 2 A, 24 {FOTEER EIC
R L, AREMUOBEEICHIGHEETH 5 2 EBHL MR-, ARG RITENERT
o D RETEMER ZHEH L TV DI HEOL T, BEROEMNZMED 2 &7< 48 RFHLL L E L T
FISFRETH o7z, X HIT, IHHEAED OMEIZE R Lo A REA X0 E S 2GR BA
FLK G62A/F209A 12BN T b FETEMERI O RINIZhEANC OS2 I L, 24 Ref R RIZ 80T
B S PETGRS LS 3-5%, JE X 200 um)D B Z 90%LL HIKF &b 2 &t 2 /R LT,

AWFFETIEL, WD T, FETEPER O EM 2 RIS E DY TaReIT 2 2 & 03%EAYIC PET-#EH
WOMAAEH ZUE L, PET fRIEMEZ RigCm L2 2 & & R Lz, 2070 R miE kAl
DOEIMTIET, BERIC X D PET RSB W CTHBEMIC /R 95 E2 515,
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WEE S 555252 = K 4 w0 A
AN . TR B E SR BN A it () wmA ET
R B S B A Tt Yok
B JE S B A Tt [ 1 AHR

BRERBCEEE Bk GUEREERY) R X

b (BT, L (BT IR OPAEERGR ST TBEFRIC X 530372 poly(ethylene
terephthalate) 77 fiE FIE OB EBE L. Fim. Aim. fiom. KOOIV EERK STV D,

Poly(ethylene terephthalate) (UL PET) (X, A MOl Ekk 2 2 THOW B TW D AR
RiECTdH 5, BIFE, PET RS OFEIIHIEICH 528, Z OB FIEIIRMER N Z W, £ 2T,
BRECIRAM 2 ) A 7 AV TFEORBENRRD LTS, —FH T, IBM7RSMT CEltn fe/e AR
il X B PET /3 FEN, LW U A 7 AT LTHER SN TWD, THVET, Bkx 72
KO FRFESRIC X D PET fEDRET ST E 23, DRI < REERBITIZE > T,
EFIT, BEFIT LD PET SREE MRV OIE, BiKAY7Ze PET & BKA 7l L oEfllEE Dk &
WRKN S D LB 2T, 2T, HAERZ%ET 2 FIEE LTCHRmIEHAZRAT 2L 28R
L. @%hE7e PET 0 FIEOBZITEE LT,

JFFamClE, 77 AF v 7 OFIH, BEICEH 2 2 ESCAELSMRIEIZ OV TR TS, £/, PET
DIEREFEONWTE LD T, ZOMEAZIERML TWD, BEICAIFZED B OV TR TW 5,

AFHOE 1 FTIX, PET 2 fiE > 5 [FE S iz PET MKy fifl%3% (PETase) DIETMEZ . Z D4F
ey £ mEM AR L C#ET 2 FEEMP LT 5, PETase (37 D@ WVEEN (pI=9.4) 28
AT LI, REDIEICHE LEMETHD, £ 2T, PETase EFFEMAEREZTHEEILN
57 = A MERETEEA ORI ZFR Uiz, T OfR, S & g LT 100 520 b iEtEnm B9
HZEwEFER L, -, HEIEHEAI ORI XY PET #iih~® PETase W EENEEIML T\ 5
ZEEBWEL, ZNEER EOBERTHHZEEHLNE LTWD, £2, 7 =4 WA miE
PEAI & A FAEH % PETase £ DT X/ BAFRIEZ K5 E L T 5,

ARFmODF 2 FCIL, 85 1 B CRHE Lo RmistEANC X 2 1Em _EF1E% | Thermobifida fusca (ZH
eI B MEVEIN K A3 fRl%SE  (cutinase, TfCut2) (2S5 LT\ 5, TfCut2 IX. PETase & &\ FEEIME
ZoRd—7J7 T, PETase &I KE DT =AM eoFmEm (pl=6.1) ZHi>D, £ I THF A AR
HEMHEAZAIN L= Z A, SiE@ 0 iErEixm L L7z, o2 &b FEiEER O FINAS PETase
DS OBEFE T H RIS Z T 5 2 2B E Uiz, F72 TfCut2 12 X 5 RS Tk,
B R B DIEVERITH D FEIEVER 24 L TV AIC b B B9, 48 BRI DL ERUSEE DN K
52 Ed oz, S5, PETase & TfCut2 OIEVEEALE L OREEDIEWICE B L, IEEO R E
L 7= TfCut2 ZHAK (G62A/F209A) ZHfG4 5 Z LICHI Lz, £ LT, 2O _EERKIZBWT
& S A O WINIEN AN OS2 IE LTz, BBl Gt Oz T oo & 2 A, KA
fattE PET GREA EEE 3~5%, JE X200 pm) DOEE%E 24 BRI T 0% FIKF &85 Z LTk L
7o ZHUTHAERE SN TWAHEEFEIZ L D PET HMRICE VT, &RbEWETH -T2,

W CIE, KR COR R 2 E LD THEmESBORYELZ RTINS,

PLEAGHSCTIX, BEEOREEMIZIS U R miE A2 A5 2 & T, 25892 PET & &R
OMAEAER 2t L, PET OS2 Kigcm E &85 Z LIk LT b, RmEiEHR o RInF
B, BERICE DT T AT v 7 RSICB W TR TEERHEIFZRET 2 LOTHY, 7T A
F o T DNRAFT YA T TEBNT, TEE, T¥EEFEETLHEZANRDRLI N, LoT, i
XOEH T L (T%%) OFNEZTIEERNHDL LD LBD D,
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PRI T V2D DT I8 1T % F T SRS ST Rk

W OFETERRIEA 42 & D WIS T ORI L DA EREIC L > TS T2, &
AN Z LB RDTIERT D7 T A =B RR T 57 n e A0T k2 B & 7
DERRINRE— RABLE I, TNHIFBEEEER L 20 5 2 & b3l AYRE SRk & PEIZAL T
Do EMEREBEN LIRS, /R a2 2 A X CHEBT 524V =0T 4 v KT X
v F AL MBRRIE, HHETHREN T~ 7 n S OREN TEETH O | T M AR T m R
& LTHIBREN, Lo L, FEH AR R OBRIIREN THY . 20 br—A b4 Tl
R, KR TIZ NA A IR TNVDOEEBS THDH L & bICHBERTEMETH D IKEEI LT L
(2D C I BRI AL TR BB E & BN ARAT L CEREfE A2 1R, SOICHIET 22 L2 BN E T2,

B1ETIE, RO FE BNEZRS, GO 2R LT,

2T KBNS T AORZEMTHL AN A N 70y 7 OB 7' XD
A 7o TR A BT U 7o, il AaFn et CIERR S VT2 RSB N2 T/ i~ L iRRE L
INEDOFV T 4y RTE v F AL R EZNICHI S BIRERTEFWRT ) 7 a v 7 BB S
NHZEERLML, F /MmO T vt RBIT HIEHIA2E— FROFEEZH LN LT,

EIETIX.ZHERINYA N T/ T7ay 204 V0T 4y RT X yF AL NBIXOZEOWKIG
THHMABGRE R LT, REfEmifT /7y 713, HEEREICE W T c mMELmIct ) =
YTAY RTEYFALRTLHZETH /vy R —RIEMIZRE L, 207/ 1y RIEFEKEE
HCZRTANCA Y 2T 4w RT X v F A v b L CHIERNREREEZ R T2 Z L 2H LI
Lo —H, ZHERTS ) 7wy 7 id, HEMBRRICE O T4 EE N L TG 228, HHERERIC
RIZETHAEL, TD7uy 7 ~ERL e afEd L, ZAbOBGIL, T/ iidh O & 58
B L OMBEERNOHAT L Z LR TH T,

B AETIX AGERANTOAYA M ay Fe RBRICEIMER S 5 Pk M L7, iR
8 L IR OBE N EFINT 22 LT/ vy REFER BICE mm UL EORHEFACA ) =7
4y RTHyF Ay N ESHTERBEOBRNATREL 20, 510, BEFMEZ(LSE 52 & TH#
IR E DA F IR T ITH BN D A EIEE I L oS AR OREELIT LD LTz,

BSETIE, FECHONTHELZRIET 2L EbIc, SBOBLEE £ &0, K LOREOREH
ZaR 7o,
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WEE S 555253 B K 4 B ER
MOUEAHME . BA BERTCRHY Tt S 72
Al EERRRIC R T+ HE

B E 25 AR BT it (T3 R A

BERBOCANESER it (T9) Tk

Pt (I5), Bt (I%) EREZEEREODPAGERGG T TR T HITE
T AIEHEARERIER) L, SEMALERIN TV,

WP OFEERTERRIE, A 4B D WIT 0T OEREIC X DA E REIC L > T
ENTE7m. L Lt BAEREZHEOTICIHEREMREZRBAT D 7 n kv A0F ki1
BHN T ALERRERERADBE I TWS., 2 blE, BEMAE EA D2 L0
SIEEMARERIER E IR CWD. 20T, F RN E A 2 CTHEME
THAVZT 4y RT X T A2 MBRRIE, BEHECTHEEN: I 7 ofiE 2 e 6E
THY, FlBMEER 7T e A e UTHBED. L, FEHIMARE SR OB
RITRER T, DOy ba— L+ TiERwy. R, S AIRxTLOEHR
4y T 0 BE R T MBI CHARB AL T LIHEHR L, O A 72H LR
ZRRAT L CEME 2R, IOICHBT A Z 2B E LTV D.

B1ETIE, WEOEREBNEZRSN, 1RO EZMR L TN 5.

F2ETIE, RBINCTLDOEZEMTHLINYA NOF ) Tay 7Bk 0
T ANDIEH MR FERTER A S LT\, BRIt TR S - FEanE 8
WOk Sk~ LR L, D OfERMEO AV =T 4 v KT X v F A R &
ZIUTHE B AR CTE T2 T /) 7T a vy 7 B EREND. RETIE, b O
B IEE A 7o i T R DO FEZ B SN L TV 5.

B3ETI, SR A T/ T a0 DF V2T 4y RTE v F AL B
FOFOWKIETH AR E A LI L TWA, EICEGE L T EDRE S %
LAV T 4y RT Xy TF A IRFHREINDZE, F2, BEALIILUT
BIANA LD Z 2 REL, ZhoDBl%ae /) 7oy 7 Ofdhm & Rk & OMAE
AIZFEDNTEEL TS,

W4 ETE, AEEHANWTEHI =T 4y RT Xy T A M2l LTS A K
F T a7 EREBICER ST FIEICONTIRRTWAS. AL U TR &4
WA RBEEORE NERHATHZET, /oy RIRIAYA M2 I U A—F—U
5O IRF B SE AL & A 2 THERMNR BT S E-EBENEL LD, S5, H
J& G & AR L &85 Z LT, HRie EDONA I I 2T /I BN D RN E
TSI U 7 RR A 2 A S R ORISR FIEDICHFIRE TH D Z L Z/R LTV 5.

S ETE, FECHOLNERREEZRET D EEBIAROERLZE LD, Kin
BIROFEIRAZ RTINS,

PLEBES 22, R SCTIREE D LU MBI 2 IEH A 72 i bR XA RS
FHZEHA LT D E L BT, ZOAMEEZFEIELTEB Y, MEMELESTFICBWT, L
2l TEEEREETHLEZANDRL 2N, LoT, KHvoZEHF i+ (T.%) o
FNEZTHERPH L LD ERDH.
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HNEAIE 258 LT~ L UAV OilfiEl & i ~ons i

AWFFETIL, ~/LF UAV (Unmanned Aerial Vehicle) (Z&FH L, ZMELOSIND 20000 F
WCBWTHEHDOUAV Z XA MW7 +— A —3 a UITSE5HIERIZRE L,
JERBIE LT ERRICERA L. 74— A=Y a VOBKERAY —F—~DiA
WEFELLTHEET LY XLEZFMA L, UAV I 2 ELA2MET S FELE LTAT
AT 4 7 F— NlEIO—FETod 5 RISE (Robust Integral of Sign of the Error) (275 H L,
YNTF TV 2V NURTAERBET NIV ALZHEA L. 1RET D TR, IS
BDOIEREIR/NT A —HINRINTHFEITAHETH 5. RISE (FIEREHIBEO—FETH Y, &
WS MMEEZIITE S, ISHESE LT, W E S — 7L TR SE T UAV I
il S5 FIRICEA L, SNELEZMET 267 LY X AZRE L. @ 72e ]
A DRI OWTERT % LI, ERE CEEN OEERHIHRES 27 %
KBS D720, FEEREGRECHEY OB ZEA ST HHH bIRR L. FHEME A
WEEEY R 2 b— 3 VB L OMUYE L2 SRRt E 2 VO CRBR 2 e L, 1R
RO FME & DORMEMAT O 2 4 % fesl L 7=

H1ETIE, RO EE B2 L. &2 = CIIANZE ORI NE A E
TNIY RLRLAT AT 4 27— RSO LMk 2] L.

W3 ETIE, AFETHWS UAV OFETFILIZOWTIHH L. BEDRMED T T3
fih & B L O FE T L=,

FTAETIE, BEOUAVR T 4 — A= 3 VEERLOD, MELBIND SR T T
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Development of Unique Reaction on Boron-doped Diamond Electrode:
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A boron-doped diamond (BDD) electrode is gaining much attention as an electrode material due to
its superior electrochemical properties such as wide potential window and small background current in
aqueous media compared to some conventional electrodes. Moreover, BDD is able to promote some
unigue reactions such as electrogenerating a strong oxidant/reductant. In this thesis, advantages of the
BDD as a working electrode to promote unique reaction are utilized. Firstly, novel coreactant-free
electrogenerated chemiluminescence (ECL) systems by in situ generation of coreactant are developed.
Secondly, the hydroxide ion oxidation behaviour is studied.

In Chapter 1, general background of BDD, ECL, hydroxide oxidation, and purpose of the study are
summarized.

In Chapter 2, a unique ability of a BDD electrode to electrogenerate strong oxidant efficiently
combined with the high overpotential over the hydrogen and oxygen evolution is described. Generally, a
system of using tris(2,2’-bipyridine)ruthenium complex (Ru(bpy)s?*) as the luminophore and S20g* for
the coreactant is commonly used. Instead of using coreactant S20s?-, Na2SQOa4 solution was applied,
which allows the electrogeneration of S20g% from the oxidation of SO4?- at the surface of the electrode.
The results showed an efficient ECL generation could be observed at the bare BDD electrode in the
novel Ru(bpy)3?*/SQ4% coreactant-free ECL system.

In Chapter 3, the another example of coreactant-free system of Ru(bpy)3?*/CO3% is discussed,
where COs?% is oxidized at the BDD electrode to generate H202 that acts as the coreactant. As the ECL
intensity was found to be dependent on the concentration of the electrogenerated H202, it can be
controlled by several parameters such as pH, oxidation potential, time, and the initial concentration of
electrolyte containing CO3%.

In Chapter 4, using the similar strategy, ECL system of luminol/CO3? is shown. The emission was
found to be decreased by lowering pH, which is anticipated in the luminol system due to the needs of
luminol to be deprotonated before oxidized at the surface of the electrode.

In Chapter 5, a study of hydroxide ion oxidation on the BDD electrode in alkaline solution was
described. A hydroxide oxidation peak was found in both oxidized and reduced BDD electrodes and the
peak current showed a good linearity versus the concentration of the hydroxide ion. The current in a
weak alkaline solution was found to be higher compared to the same hydroxide ion concentration of a
strong alkaline solution due to the buffering capability of the weak alkaline solution.

Finally in Chapter 6, summary of the thesis and its future perspective are described.




FBEDOEE

wEES % 5256 = K 4 IRKHAM
FMOCHFAHNYE . EA B ME RS BANR R fEd (I55) KR R
IR BEEFE AR FH A= Dr. sc. nat. FoT VA, H=x)L
BEESC A OFUE SR LA T e

BSOS M () REHE W

4t (), &+ (B%) IRKHAM (o bs) B o E50055K5m300%, Development of
Unique Reaction on Boron-doped Diamond Electrode: Coreactant-free Electrogenerated Chemiluminescence
and Hydroxide Ion Oxidation| (%A V&2 NEMIZI T DFERASUSORZE « LIS 7 Y —EK
B3 L OUKIAL A A > DiRfl) LEL, 6 ENOLERINLTVD.

KR OBEREEMMELE L TR U RE F—TF LIc& A YES FEBPNER SN TWD. (EREMR
MEHZ R TEMENIALS, FREERN/DNS WD kfotk#%@’(é’]f&bé k WA, &M Z
BRACFERNCAERN T 272 EORFRRISER T ZENTE D, KamL T, 0K 9 RFrRE
RBORBRA%E L LT, iR AT L TH LIS T Y —iﬁ%%ﬂ:iﬁﬁ%, %i(ﬁk@éﬂ:%% F v
DAL TSN TRF LTV

H1ETIE, Fme LT, A VEy NER, BXULTFION, KB A A4 > OBRLIZ OV T
BL, A i@ﬁ%kiwﬁﬁ_owfimfwé

F2ETIE, MEMEMT 22 LIk EmETRBRMBIHEREISELLDOTELXA
V%/Fﬁﬁ@ﬁﬁﬁﬁigpowfﬁufwé B A X' NEME AW THIERA A4 % S BN
TR D &, RARMACAITH 2 AF Y hilgA o ZERSEDL LN TE S, FBMHAET
HHNT =T LEEERE RNV AT HS KD, FRR RIS 7 U —OBEXULFIOCE BT 5
LTI LTS,

%3%(@ EHRDEHE LT, VT =0 LBEIRIS JOURERA A &0 S BBl 3L Osm 7 )

DEXIEFFINT AT DZONWTIHR TS, ¥ A YT NEMAE AV TREEA ZL/%:EMI:?“%S
;kf,AﬁE%kﬁDOéﬁ&mmféiﬁﬁé EMTE D, £z, ZOBRALFFRICFRE
pH, BR(LFENL, WIHIDREEA & REIKGFET 522 L2 LN LTV D.

B AFTIE, FRZREIET, VI =B I ORERA 4> 2 VS EREFEFIE T AT Ko
TIBRTWND., ZOFRTIE, KEERO pH 20 85 Z LI L D RLMENERTHZ &% B
LTW5.

HSETIE, XA YTy NEME AW, HEEAMERKRIC Téﬂ@aﬂﬁ%% v DBALIZ DUV THR
NTWNDS. JRWVEMEEZ b OXAYEY NEBEZ WD Z &I , IKEAEW) A A DOERILETR
BRI S, 2 0F mﬁﬂﬁ&%%%ﬁ/ﬁf wm¢5 k%ﬁﬁbfné —7, O

{EFEFE DS KSR OFEEREICIRKF T 2 Z L 2 A L, KIS OEEREZ I TS 2 FEE LTow

HEMEZ BRI LTV D.

56 HTIE, AimLOMEER b NS HOEEIZONTHRRTND.

ML%?5_,$ WL DOFEHFIL, HWREMEMTHDL XA VEL NEMOF-2HEL LT, EX
CFFE, KB A F o Db WS TR Z BRI L, TORIMEZFEIEL b DT, BRI
DHRHT, MEHEF D ORBICKESBERT 260 THS.

LT, KigXoEFIIEL (BY) OFNEZITLIERBHL LD LRDS.




WEERS 555257 & K 4 LN

+ i 8 4
Periodic/Aperiodic Separation Filter for Control and Diagnosis

(il & R2Wr D 7= DA,/ IEJE I3 8EZ 1 v &)

FEXHr Ry b2 UD, BEMEBIIE Y K LEEZ AL L TR Y, EBAELIE
BT 2 TR e M TN CE -, TN E TCOMETITEAIEOLNEH S, il
ERO|EN 2SN TE D, HAIIRES LOERMREDON T 2EESTHZ LT, &
R 5 EEREILN I CE 5, £ 2 C. ARWSRITEHFEEWNREZ BT 572D DJE
IR BE T V2 DIREZATV, AL FEREIRE Y 1 — RSy Z il 3 KOV
B FEEEASNELINE R 2 KRBT 5 & & bic, SEER O RE 2B LA MEEDR
Wr~o iR &2/~ L,

F1ETIE, AFEOE =B I OHIZOW CELEM L 2 28 2 Tl L7z,

B2E T, A FEEY DB W TR, F, A FEEREEE EFR L,
INEGBEET D7D EMFEEIBET 4V Z AREEE LT, JELFEE I BET 2 v
ZIIETOERE ZSTEPREZIME T2 2 LR/BETHY | BEE R ~#IGT
L2, W v TF T 4 VRIS B E R A RE LT,

W3 ETIL. AW FEEWMREERIEIC SO\ TR, E ELFEE R 4L
2 % W CIRREZ JE IR EE & R IR B~ Bt 5 2 & T, B FEEILRET + — R
Ny 7 HIE ARG LT, AHIEZ 550, JEHNKEE & FEEHRAE O 4B - B3 - HldE o
EMENDHEL TWD Z L 2R B EEZ5EH L, T L TARKEEZE -3 ay
o — bR S, AW IR R WEBN T A RS L7z, SNELIC)E LT3R R 72 JE ]
/ FEJE S E B 5 2 K FE AR - DHIAE - o o e — & L A 2 JE B E R B L OVEE
BBV Y THHFECOWTRLE, SHICRiI~=t 2 L —&% ZHWTERKICZED
A% MeRB LT,

A=, B FEEAELINERIEIC W ORAR, 0 R LEEINER IS
HEpgAk X, B ELIC L ZOEEREN AT ENRMEE > TS, Tk
R B -0, FHINELEZHETE « WET D 720D FINELA TP — REEE L=, &6
2, EHIZNELIS I 2 T ARE R AR WV TR A T A IRV LA N E T B 720,
JBHEASNELA 7 — N LB E OINELA T — " EfAEDE, LD e MEEGD DT
DO RIEER L, WHIERZE L TEORDEEZRIE LT,

5w T, JEWIERMZEIC oW TR T, AR OLILLBMIEANE < T2
DOFEXEISH & LT, B FEEMDEET « v F B T e EE O B RN L A ST
L7z, AWFSEIIMA TRRO BN & REOIEEMMICER T 5 2 & T, ERBERRMEZ
FH LUz, 62, B FEREBSEE T V& 2 AN OB LR~ Uiz, E#)
FERFOME BT 2 JE WM & AEMEOIEEMIMEICE B35 2 & ¢, EERE/1tED
B O fREEZ M L5 2 LTk E LT,

FOETIL, AEOMREZENL., fime & bICBELZ R,




FBEDOEE

WEE S 555257 & K 4 MR AE
RN . B B HEFE AR % it (L5 kBB
Bl N Tt K R

BEEFEEAR U -t (T AL =

BERBOCFEA A i (T79) b IER

Fr (%), Bt (I%) MRAEBREOFPALEE KL [Periodic/Aperiodic
Separation Filter for Control and Diagnosis] (ilf#l & 52D 7= D JEH/FEJE W 5B~ «
JVZ) L, 6 ENLERIILTND.

FEER Ry FZIZIUD &2 BEMEMIIMRY R LEMWEA AL LTEHBY, Bt
SLOIENREE 2> TWA., ZHETIZ, BV UEEZ SEEOB-MICER L
TunRA MEZB ESELEODOFEZROIERNEL R ENTEE. 200D, W
\ZJEHRIRER X OGEEHNIRRE A BT X 20008, HIEIR D & 5722 5 Bk EALC E i RE
RIZHT CTHEE 72> T D . EFLICEE A, AGwSCTIE, A FEERIEZ 2 BET 5
DT 4 NVE DR EATY, JEHFEEWRE Y + — RNy ZHIEOREREEZ R L
TW5.

B1ETHE, HFREOEREHNEZRSR, EROFELZHRL TN 5.

W2 BT, A FERIIREOEEEIT, BT AT 57200, FEE
THETZ 4 NV E BB L TCWD. ZOEYIEESEET 4 v 21X, 2TOEMEE S
TR HRE AT CEX A LR L o> TV A. 5T, BEEERE-EIGT AT
DO S v T T 4 T HDS L HEEBHEERORFHEL T TIREL TV 5.

B3 ETIE, AEYFEEYREEY q N F EE—T g ay br— LB R I,
FRELIZ R L TR NA R Z2fl#R OBRIEEZA OGN LTS, ARy ML 2 ¥ A
JRMREE RIS E DD DIREARER L 72 D E, 11, 4B —% U AHEIC DOV T
ENENARFIEICESNTHER L, Zii~v=t a2 L —¥ZHW=ERICLD, FohE
EHER LTS,

%4 =TI, B FEEIAENEREIC OV TIRRTWS ., #0iK LiEsh) gk
S5 BEIERIE, BEIANELIC LD 2 OEERBEN LT 5 Z ERMEE 72> TS,
ZOMMEE MRS B2, EAWINELEZHEE - MiET 2 7D OEMINELA 7 F— 24
HLTWD., ISICEAMAELICINZ T, KERERIZ SV CHEZICS AT 5 IEE s
LT 572, BAMAELA T — R Ll ONELA T =R E D, XD
DR MMEERED DD ORBIEE R L, HEREZ® L TEOAEMEEZBEEL T
5.

HSETIE, F2ENLHAFETORLZEGROICH & LT, SR OaEEEIC
BILIARBRREFEZM 21T O 10O M, FEEM 5BEZ « V2 Ok IEZ R LT
L. IBIT, N OEBFEENT~EH L, EBERE I SGEO BRIk 2 Sy fifRE & 6]
EFarzlicbkII LTS,

FTOETIE, FETEHELNIREELF LD, KGXEERDOFEHRE IR ITND.

PLEES 512, RKamCTIEW FERMSEET c v 21 ikS5<E—Yararin
— DO HEmER LT 5 L & BT, BERICZWNIS IS mNT THEER & RN
FNSZFOHEGMEZEIFLTEBY, HE LRSI T, T%E, T¥%EHEET5
ETANDIRL RN, Ko T, KimXoFEEFIEL (L% OFMNEZITLERNH
LHHDERDD.




Thesis Abstract

Registration .
‘KOU” No.5258 Name Li, Aohan

Number

Thesis Title

A Study on Hopping Based Control Channel Establishment for Dynamic Spectrum Access

This dissertation provides a study on hopping based control channel establishment (CCE) for dynamic
spectrum access (DSA). DSA technique was proposed to improve spectrum efficiency, where
unlicensed secondary users (SUs) can utilize licensed spectrum without interfering licensed primary
users (PUs) opportunistically. A pair of SUs wishing to communicate with each other needs to exchange
control information using control links firstly in DSA networks. The procedure of CCE is referred to as a
rendezvous process, plays a critical role in configuring a DSA network. CCE in a DSA network is a
challenging problem. To cope with the problems of control channel saturation and channel blocking by
PUs, channel hopping (CH) based rendezvous algorithms are commonly used for CCE in DSA
networks. In CH based rendezvous algorithms, each SU generates its own CH sequence (CHS)
according to the CH algorithms, and then accesses available channels according to the generated CHS
sequentially. Control channels between SUs can be established on the channels that they access
simultaneously.

The main contributions of this dissertation are summarized as follows. Firstly, a heterogeneous
radios based rendezvous (HRR) algorithm is proposed to guarantee rendezvous within upper bounded
time for the SUs in heterogeneous DSA networks. Then, a modified enhanced HRR (MEHRR) algorithm
is proposed to achieve full rendezvous diversity for avoiding blocking PUs for a long time while
increasing the successful probability of CCE. Finally, the performance in terms of rendezvous channel
quality, channel loading, and optimal radio allocation manner is evaluated for the proposed algorithms.

Chapter 1 introduces the concept of DSA and the importance of the CCE for DSA firstly. Then, the
advantages of the CH based CCE compared with other techniques and methods are described.
Moreover, the scope and contributions of this dissertation are summarized while presenting the
disadvantages of the conventional CH based algorithms.

Chapter 2 reviews some representative CH rendezvous algorithms firstly. Then, the pros and cons of
the conventional CH based algorithms as well as the motivation of our proposed algorithms are
presented.

Chapter 3 proposes the HRR algorithm. The HRR algorithm consists of the multi-radio based
rendezvous (MRR) algorithm and the single radio based rendezvous (SRR) algorithm. The MRR
algorithm and the SRR algorithm are utilized to generate CHSs for the SUs with multiple radios and the
SUs with single radio, respectively. Theoretical analysis and simulation results verify that CCE can be
guaranteed among the SUs in heterogeneous DSA networks within upper bounded time using the HRR

algorithm.




Chapter 4 proposes the MEHRR algorithm to achieve full rendezvous diversity for the SUs in
heterogeneous DSA networks. Theoretical analysis and simulation results verify that CCE with full
rendezvous diversity can be guaranteed among the SUs in heterogeneous DSA networks within upper
bounded time using the MEHRR algorithm.

Chapter 5 evaluates the performance in terms of the rendezvous channel quality, the channel
loading, and the optimal radio allocation manner for the proposed HRR algorithm and the MEHRR
algorithm.

Finally, Chapter 6 concludes this dissertation while discussing the future work.
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AIEUZ DWW TR TN S, 650-900 nm DT ARAMEIL DL, KP~E 7 1 Bl EDEKRSFFIT X
BRI DIRNT LD, HERA A=V TICBWTEE L e &b, AIFETIE, BEEDER
IFHEEIRTH D AkaLumine # i L L, BRIRT I UG 2 fLAGA A 725 6 FEEH O 55K NIRLucs
ZAR LT3, NIRLucs [TV b RIKD K X L)Ly 7 = F—F Flue (2 & HEEERS AT, IF
PROMEIRIZFE L 2R LTV D, E5IZ, Flue ZHERBLT H A T /7 —~<Hilaz A7 s HICE D 1
A2 E T A, NIRLucs IIAHIfEZEENMEZ &5, AMIRICBWTHITRIVED R 2RI 2 &2k
BINTWD. FRICRAF72RIEETEN: - I tEZ R L2 NIRLuc2 % & FHEGEHE~ 7 AE7 /L
NERALEZEZA, RIROKRZ NN T 2 ) o E TR 70 GIRAMER TIX 1 61%) OFLE,
AkaLumine & IIHERHHIAEZD RN 723 LEEZ R LT\ 5.

FBHETIE, FETHELONIREELZ E LY, K LeRofEimasilXTnd.

VLB 212, K SCTIRARA A NIV 7 = U UFBERN RIRESR I X 5 R4 % 1 T/EWs
WEBRTZEEHOLNITHEEHIC, ARARZ AN T 2 UEFHERICE LTl & ERON S
NOFEDOHIMEEFFELTEY, oWbFoiicEnWe, L% E T EHF5T5L A0 7<
B Ko T, KmXOFEETEE (T%) Oz T 58KPAHLbD LD 5.
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Synthetic Firefly Luciferins for Bioluminescence Imaging

(FEMHIA A=V o T fam LTc B R 2 vy 7 = U UFFER)

EPRNEFIH LA A= 70, @REENSIFREN e FELE L CGEFFEEEZED TS, 72
NTh, REZNVEMRENRIIEESZ LS 7 =T — P OBIGBHIE AENHL SN TE Y, Aok BT
TNEHOT=F ) TS ENTWS. LL, BERICET IR EA LT, BEEE R
AN T 2 ) DSEEMEITZ L. D7, REZ VAR OISR ZET 5720120, ARk
N7 ORBPMLEAFRTHS. £ 2 CARIBLMICTIE, ARERICLL2FZ ALY T 2]
VIREROR AL L, IR OAEMIRA A —D 0 T2 RS H 0 DEREM O A2 B
LT BRECIE, (1) Ao 7 =5 —PRRINARNEZROEE (F2%), (2) AFLLy 7Y
VEHERO EE LIS ORGE (55 3 %), (3) ImRAMELEZ R THEEROBMRE (B 4%E) 2o\ T
SkL7.

1 ETIE, AR 5 & BT 5 o O stEhm) AR L 72

H2ETIE, REANALL T2 D CTHLICH LT, SEABEBHILTH DT VI LVIEAEA L-FER
7-AllylLuc (Z2OWTik~7=. BA%E L7z 7-AllylLuc 1T RADN 7 = T —BIC L HREFER#HE = T,
I AR T D 2 LR S V. AAMRSEERIZISUNT,  Pyrearinus termitilluminans H12R DL
7 =7 —F¥ Eluc FFEIRBNDHER I, BREEIZ L 2BRFRENRBICRBERNAETHD =
L RSEIEL.

HI3FTTIE, AZ N7 =Y % Push-Pull RO E L5 & JLSL T, Twisted Intramolecular Charge
Transfer (TICT) O L 2FCHEEER EORFICOWTHRIELTZ. REZ LT T2 D 6Nk
el UAF AT I RBICEBR LEHERIE, BREENRERLETAIZENOFEHATHS. L
L, RAABRINNT T2 R TELIEENME T T2 ENHETHH. —JF, A EaR
=X INIBWT, VATFAT IV EE4BRTHDLITEF U IIERTHZ LT, i E IR
DA ET25Z ENMESINTND. 2L, CNEAEDRERZfES TICT OMFNZ LD TH 5.
AW TlE, BaisLvy 72 raricxt LT, 7TEF VoA EAEA LEFEREE 5 BEAK
L, Vo7V ACBITFDT EBEF Vo VEERREZM L. 209 b7 EBEF V=K EA LR
A-11E, PAFAT X EE L OFERD-1 L LT, TICT OMHIC L 0 AHWE Y H8 & IR -
sk BB 2 STkl L.

B 4 FECIX, AR A A — 2 ZISHICRNT BRIV v 7 = U UEEERREO A
BUZ DWW TR 72. 650-900 nm DOITHRAMEIR D IGIL, KL~E T v B 7e EOAKRS I LD EN
WIRNZ EMD, EIRA A=V U TIZBWTEE L &5, BEICITRINE S IEE RN HE S Twn
LZH00, TOEITIFEHEOATH Y, EMIECEREHICBOCHERBRZ R LIS OI% 1 filE
DHRTHD. KFETIE, BAFOIERNFERTH S AkaLumine Z I L L, BIRT I &2/
FRIA AT 6 FREE O EIR NIRLucs %2 &% L7=. NIRLucs [TV TN b RIKDE X NIV T =T —F
Fluc |Z K 2 BERF8# &2 52, ERAMEIRICR N Z /R LT, S 5IZ, Fluc ZEERETH AT/ —~<
Jaz Rz S HICEY 1A 72 & 2 A, NIRLucs ITHIlaBOE @M 2R 6, AMIERICB W THITRIME
WPRSZRT T EDHER ST, FRIC BAF IR YE - R E A 2R L72 NIRLuc2 % £Z T
a7 AT NANERALIEE 2 A, RIROKRENANLL T = L H_TH T GERANTIE 16 £7)
DFENE, AkaLumine & IIHFIAIAEZD IRV 72 IEMEZ R LTz,

BHEETIE, SECHLNMEBLONMEMNTZF LD, AFEN G725 TSRO EHIEA A
— DU ST DIREE R AL Z LT, AFROREEER L.




FBEDOEE

WS 555296 = K 4 MHE R
FMOUERAHYE . A BEEF R FH A2 Dr. sc. nat. FoT VA, =)L
Bl BEEFE AR FH A= T+ [T NI

BEHEFR B R R it (L5 S S

BEREFR R PR it () JEAR DD

T+t (L%, BL (L% MmEHEEIEHOAFE K CIE [ Synthetic Firefly Luciferins for
Bioluminescence Imaging] (ZEMIFEIEA A —T v 7 &R LT GRAZ VY7 = U UiFEIK) &8
L, SENLERINTND.

EMRENERA LA A= 70, ERENSIEREN R TEL L CTEEHZED TV D,
RINTH, RANVEMRERITFEEN LT =T — B OBGHIENENHENL ST, Ao
BEFLHYOT=FY) IS ENTWS, UL, BEEICETIENKAR—T, 3t
HEBRZNNT T 2 ) U DOEFEMEITZ L. 2078, RS2 NVEMRENRDIGHZILET 57912
X, BNy 72 ) COBRRBVLERARTHD. F I TCARIFETIE, BEERICEDARZ 1LY
7= U UHEROBRREEE L L, WHHROEMRNA A —V v T RBT 5700 BRI % 5
FLTWD., BRMIZIE, Vo7 =T —BRRNRBEIROEE, mE ALV 7 2 VHEROS
HEE AL HRRE DOFRFE, 6 X ORIV 2 R T 78K DBARIZ OV TE L L TN 5.

H1ETIE, RO RE BNERS, WEROMFEEZERLL TV 5.

H2ETI, RANMAT T2 D CTAICH LT, AREHRILETHL T VI VLA EA L-HY
& 7-AllylLuc {IZ2>WTIRRXTWA. BAFE L7z 7-AllylLuc (ZAMBFEERIZI T, Pyrearinus
termitilluminans DN 7 =7 —F¥ Eluc FFERARFENEZ /R L, AT L DEERFFRA 23
WRHERNARETH D Z L 2FFEL TV D.

B I3WTIE, AH NIV T = U % Push-Pull B Dz Y a 3k & BS7C, Twisted Intramolecular Charge
Transfer (TICT) O#IHNT K 2T EDORRIZOWTHIEL TW5 . Ao —4 3
NEBWT, PAFAT I REANEBRTHLTBF VU ACERT S Z LT, ORI RN
THZENRESNTWD. ZHiE, CNEAOEERZHE D TICT DIENZ LD D TH D, AW
BT, BARHZNVL T2 raTiid LT, 7TEFVVEZEAL-FHERL2E 5 MEAR L,
N T2 ATBT LT EF VS NVEBERNRAI L TS, 205 b7 BF V=V EZEAL
BRI, DAFT R AL OFERE LT, TICT OIHNT X v AHWE Y H# 6 &I
P AR IZm E LTV,

5 AT TIE, ARGETHEA A — 2 ZIGRICMT BRI R X vy 7 = U CFHERRED
AIEUZ DWW TR TN S, 650-900 nm DT ARAMEIL DL, KP~E 7 1 Bl EDEKRSFFIT X
BRI DIRNT LD, HERA A=V TICBWTEE L e &b, AIFETIE, BEEDER
IFHEEIRTH D AkaLumine # i L L, BRIRT I UG 2 fLAGA A 725 6 FEEH O 55K NIRLucs
ZAR LT3, NIRLucs [TV b RIKD K X L)Ly 7 = F—F Flue (2 & HEEERS AT, IF
PROMEIRIZFE L 2R LTV D, E5IZ, Flue ZHERBLT H A T /7 —~<Hilaz A7 s HICE D 1
A2 E T A, NIRLucs IIAHIfEZEENMEZ &5, AMIRICBWTHITRIVED R 2RI 2 &2k
BINTWD. FRICRAF72RIEETEN: - I tEZ R L2 NIRLuc2 % & FHEGEHE~ 7 AE7 /L
NERALEZEZA, RIROKRZ NN T 2 ) o E TR 70 GIRAMER TIX 1 61%) OFLE,
AkaLumine & IIHERHHIAEZD RN 723 LEEZ R LT\ 5.

FBHETIE, FETHELONIREELZ E LY, K LeRofEimasilXTnd.

VLB 212, K SCTIRARA A NIV 7 = U UFBERN RIRESR I X 5 R4 % 1 T/EWs
WEBRTZEEHOLNITHEEHIC, ARARZ AN T 2 UEFHERICE LTl & ERON S
NOFEDOHIMEEFFELTEY, oWbFoiicEnWe, L% E T EHF5T5L A0 7<
B Ko T, KmXOFEETEE (T%) Oz T 58KPAHLbD LD 5.
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WEERS 555297 = K 4 A FHLT

F i E 4

R U~ —JEHEE - R A RDER G ORI BT S

INANWNT =< AL Ea—FOWRER LT —2 82N NT 7 4 v 7 OERIZ
ST D720, HEEEERNIZIIN 7 7 AN VI BN BAISHTWS., 5%ITE S
BHERR— F) EDE BT b T 24 R — KA v ¥ —ax 7 MO E A
FEEI, R— REDEFLEERE LTHRY v~ —ERENER SNLTW5D. ITHFEIE, 1€
S DOFFERIIE TR TH - T2 EEEITRESDA 2 7R U ~ — S8 B2 LR TR R &
P, K7 B R b — 7 OB TR R E 2 R T 0 A B ITER(GD L = 7 R o0 2
fLOWEREE->TWD., L, FvR— KA v F—axs NOFERIZIL, R~
— N B RO PEREM I 2 T, AU ~—JEEIK LY T 7 A SRV - 52 g
DM DONFFE T & OFREEDENRIENLIE L 7250, RIE+HDIT72 I N TV, RRZ,
27 & GI M a 7ER K & OFEERICE L CoMmGHI RSN TE 67, GI A8 K
DOEREIZXT 2EERD—2 Lo T, £ TARIFRATIE, Ao AR—FhaA %
—ax 7 MNERIZET, EEE - LFR TR AREICER Lz, 8eEa %
AIREIC T DA U~ — B B O AR 2 R E, FEBRICR U ~— B8 R A ERL L, Batm
D DOEIENFEAEIEETH LA HEE L.

1 ETIE, RBFEOE R, A ROBEIME ML, AFEOHNERLT-.

2R T, AU~ tEEKOREE &R NS, AU~ — K &R+
WL THERR S LD 7 \ZBS L TR L 7=.

H3ETIE, AR TEA LRV ~— 8 R OERGIEICOW T L. 6k
D S =2 7 s BAFENE D — D Th 2 EHEFLIE, GLR 27 2 A ATEE T d 5 Mosquito
B, A7V MEZOWTEEDT.

FAETIE, vATE— NRY 8 EROESFEIC OV TR, mHtL
— RN = —EE I OREA1L45° 2 T LA EERA L EE RN E L
ENDH. FIT, BB I 2L —a UEAFIALT, KBEECKEEEZERTLIED
D Fc i 7 RS 2 R LT, IRICEREHC RS W CER R 2R L, Foifsis 2 Tk
952 L T3dB b DA BRI Z FTREIC L=,

55T, F—0RY ~—MEZ2 HV, EEECEICIVER SI =27, Mosquito
BICTHIE GL BlaTr 26353 0 7 0E— RR Y ~—NERKAERL, v /LT
— N7 7 A /N(SMF) & OIEHREEREMEZ TN L7z, ZOR5E, ME GLA = 7 &Rk,
T— KT 7 7 A IVOXHMEIZ LY SMF & OENREFEESNAREE 72D Z L ZEFEL
2. 51T, ME G Ao 7 E K ITE R 1310 nm, 1550 nm A5 12 TR CZ2 € 72 R
RN F R 2 R T2 Edbiro Tz,

H6 WL, fhmChdV, MEWEK - LFRTFRHFGEEOERIITONTRIEL7Z.




FBEDOEE

WEE S 555297 = K 4 BRA FEIL
AR CEAMHYE . B B E FRBA R % i (L5 L G20
S N B N T

BEEF R P it (1) HE e

BERBOCANESER it (T9) L

b (L), BLE (%) BAELERE OGS, TR Y ~— 8K - L5 E 1
JFEA DOENFILICEET 2898 LEL, 6 ORI TWD.

INAIRT =V AT E 2 — X OFENBEEEE~DERIZXHST D72, 2 B a—FER
WNZ v 7T 7 7 AN 7 MEASINSOH 5. 5%I1T, HELEHEEOFEINT-ETH
BHA (R—F) RICECTHREEOZEANBFGIN, FEEEKE L TR ~—REREATEE &
NTCW5D. BEASTIE, HERDIFERIE D G TH - I-MEEE T (Step Index, SHH a7 R Y ~—
B BT LR, R, K7 v A b — 7 PR OB T R R & 3 00 A JE 4T %R (Graded
Index, G a2 7 AR U v — &R KO EZRAA~DOHFEREE > TWD. T R— RN v F—axy
FOFEBIZIE, WY~ B OPERER FICINZ T, R ~— 8 LT 7 A SRR - 5%
HEREDM DN FHE T L OB OENRIEN MBI L 70D, ABFFETIE, HEIEE - LFH DL
BEMEIZER L, BB EZAREICT AR ) ~— BRI OMEL K E, FORHTESNT
R~ — KA ER L CREHEY omshR (RIEK) A x L T\ 5.

BRI, Fmchy, Aol R, RO IEOREEEALMH L, Ao BN %
RLTWS.

F2ETIE, AU ~—NEREOMEE, HFEE ROCCR) ~—HEFRK EMETI2L-T
R ENHN) 7B LTl L TV 5.

% 3 ETI, AR TERMA LR Y ~— 8K OERIGIEIC OV THB L T 5. #iEko SI
T o 7 R AR D — > T D EEBIEICIZ, AR CTEHTS GIL B a7 2Kl ETH
HEAX—MENDPA T Y MEIZOWTEEDTND.

o4 BETIE, vATE— RRY v — Y8 L o FFR T L ONEEREIC OV GRRTW
L. RV —Y R~ —EREFO/BAITIT 45° 2 T XD EEFIH LIRS R 0
MELENTWS, 22T, EBHEMY I 2L —2a UAFIHALT, EBEELESZERT L0
D i 70 MRS A 353 LN DL IRICEREHCE S W CEBRIC RS R A /ERL L, FofsE s T
952 L T3dB bOREGHEKIMEBEZ ATREE LT 5.

S ETIE, F—0ORY~—ME2 A, EEEGEICLVEE SIMaT, EA2F%— MEIZT
ME Gl MarafT 5 7 VE—NRY ~—EERA(ERL, 7 VE—RFET7 74
(Single-mode fiber, SMF) & DWAESFFEZ G L TV 5. ZOfER, M GI & o 7 EE KL, T—
K707 7 A VOHPEIZ LD SMF & ORIRIEFEE VAR L 2D Z L 2 FEFEL TWD. 61T,
M GI B = 7 8 B3 & 1310 nm, 1550 nm A5 (2 THRD TR E R RIIRTFRIMEE 92 & 23
BREICH O L, TOERZ, HFEIIENT 2 AW CHERRIICEZ L TV 5.

H6EIX, fimCh VY, JEMK - KPR TS OEDFIIZOVTRIEL T\ 5. K5tz
WL Cagam L7, O THR T L OXFEGEIFCOBANSHE I H IR Y ~— 8 O iy
WHEEIZOWTE &, YO REEZL IR TWN5S.

PLEBET 5T, KimSXOFEFIL, SREE G RE(bT 5 2 & TREHRK Lo XEHET L OE
BhRNFEREER LT, AV BR—FA ¥ —axs FOEBRICEHRT DR EZ R TRBY, &%
TR, JGEELFEOSBFICBWT LR LE, T¥ EE5ETDE 2508070,

L oT, KipxoEEIIE L (L% O EZ T HERNHH LD ELERD 5.




NEDEE

R H 555298 75 K 4 HIt B

F i OCE 4

A YT NEMRZ M L TR AL At o 2 U 2T TR EHE AT L OB

ARG EG D NA A2 71, AmBIROBEMEOWRKRO TR « IRFRICR )T 2
ETERVWEBERFEINCTHS. R, EmBIRNE ENTOWDLERNIZEBNTY T L4
A DPOBRHNI D FOREZ|D Z &1E, "M ' I8 D REERED —
Thbd. T TARMETIE, EERNICEIT DU T A LJIEICET DEXILFH LT
EERWEAA e v TEIROBRREEZ B L. RiC, BERZEE, WAL LW
HEREGEE IR D XA YE NEME L L, ¥ —7 v MR ZRHETIE L,
ARNIE & 7THE & 3 2 IRV NERERE I OB R 21T - 7.

91 RIS, Ao REENEE LD,

2 ETIX, A Y'Y NEMOERLFMICHOWTIRR. Frlg, A4 YvEY N
W NEBOFT-2MERTIEL LT, HITAXY T U —DAE ANk TiEOR %
ATz, ZOREE, BREMO BRI btz 5 2R/ NEMOERIZ KT LTz,
FIFETIE, XTFRRALELOFETHDHA T by OEIRW DO 1 72 1 E
FHEORBEZHE L. X2 b oid, MEFTO 7 = ) — VO bicHE kT b
TF vk +0.7Vvs. Ag/lAgCl (25252 Lotz Ax v by EREH L 7%
BoNY T LY b RABD Y AR B2 b OO0, BRI A LT A Y
NEEMRZ WD Z & TliE OMLEMMICHBRIENRE LD Z LB LN -T2, B
Wil L7 A v REPIRIVNEMZH WS Z & T, AF v by ey 7F Lo
BRI D e 10 72 I E & FERRK L 72
54 TN, BRICFINSOE LSV A bl rTREZeE R Bfs L, BXLET 74~
—Y P —DBREE T T2, XA YT REH~D DNA OWERSEZFRIF L, EiEmmRE
L7ZDNA 77X ~v—p3toh—L LTEWET D2 L2 R LT, 777 ~—DlFEE, 0K
L OAIER LSO S REHC bI 2 9 DEEMEE RO Z LD -oT-. BEBLO T vi—h
—IR BRIV TS DNA 7 72~ —DOREBIGIIR OGN, ENbEMIE—& LT
OESREIZ R 720 o7, LI~ T, HEORWEH—& LTOZEENE, A4 YvEL F&
DNA 7 75~ —0OA GO RBIR Th D L) Z &7,

HSETIE, SR INEROFT- BT E L LT, XA YTy ROZBNFEH L [4H—1 g
AYEL R UNEBROBIRE AT 12, 7 1 Lo & ORI L CERIREMO IO I 7
nALEESYE, vAZ L LUTHWE. feififxtEsy A vEY RORE, B~ RA7 OFRED
FlEEFTeZ LT, Hukgth & A Y FCTHENSHE SNZA A Y RS NERBO/ERLC
R LT=. ZOFET, EOTRLHENLATRETH D720, XA YT R NEMORLE 2 L
T RHEEEZD.

56 I, AMIOMREEL, SHOEELE LD,




FBEDOEE

A 2 5298 = K 4 %I B
FSCERA Y . A P SR AR % it (17%) *E R
IR P JHE SR AR % it (L5 Fril
BEEF R FH IR Dr. sc. nat. FoT VA, F=x )L
B HE S AR % i (HERBRBERL ) TJE Fo
b (BT, B (L5 EIFFAERM O L Ar5E K T XA YEy NEREEE L

HERNAAL ARy T ﬁTt%%m%@EVZ?A®%%Jk\u6$#%%&éﬂ1w5
R RZ S DA, T v 7%, AMBROBMBCFRRD T « IBRICRNTZEDTER
WHEEZRFERTH 5. B, EMBERNE TN TV D ERNIC wf)?»&%A#o@m%_ﬂ
TOREZR D Z E1X ,A%ﬁﬁ///ﬁ B AKEEREO—-SOTHD. £ TR
EERWNIZBIT DU TAZ A LJE _%Té@ﬂk%%@?%%ﬁthKﬁ?/V/fﬁﬁ@%
REBREL, BENERE, AR I OVERBESEZ R D XA e NEmE gL Lz
— 7y NERWZRHETIE L, ERNRIEZ FTHE & T 2 SRR NEIERIE N OB R 21T - 72

B1ETIHE, AMEOEREBMNEE LD TND.

F2ETIE, ¥4 VT FEMOER LFHIZ OV TIRRTWD. R, ¥ A YTV ReRRBUN
BROF T2 ERTIEE LT, TTAFYyET Y — @A%%wtﬁﬁiﬁ@%%%ﬁofmé.%

OFER, EROESELEEINC G2 9 D #RNEBOERIZKRE LT\ D

HIETIE, XTF REALELO—FETHDHAFY b2 ORI DR A 72 1) & F 15 D BR%E
IZOWTIHARTND., AF T b o), 7=/ — VA OBILICHKT 2Ly 7% +07V
vs. Ag/AgCl IC5- 252 ZRAHB LTS, X% Fy v B LMEE O T Ly v b [E
RO T NE 5250, BBEILERZ i L7- 2 A Y& REmEZ WD 2 & CliE ORR{LEN

(AR WAL LD Z EEHOLNIILTWA. TORE, B L L= A Y& RERIRIINVE
W%%wé LT, XV RV ERY T U OEIRNOERA R IE 2 ER LTV 5.

%4 BT, BERALFEICEIL LW o b A2 llEx Big L, X7 74 ~—
U —OBEIToTND. XA YEY NRE~D DNA OWEBRG AR L, BMmERmII%E
L7ZDNA 77 ~—NerH—L LTEET LA EEZRAHL TS, HEBIO Ty —h—
NUBMIZEBWTE DNA 7 72~ —OWAEBGITIR N TWD D, Zib 0BTt h—E L
TOMREZ RTZ L3, HEMEORWE L —E LTOREEN, ¥4 YvEL KL DNAT 74
~— DAL RBERTHDLE V) ZEEHLMMI LTS,

55 ETIE, $RRIUNEMOF - AERTFEL LT, A4 VTS FOBRBRBEH L T4—L 54
YEL N M/NEMOBTREIT>TWA. 7B Lo XOFEMNZIGH L CERREMmMD S0 Iz 7
0 AEBEISHE, vAZELTHWTWS., i@tk y A vE O, BXO~27 D%
DO FNa%EHTe Z & T, fafgihE ¥ A ¥E 2 NTHEPBE SNTZZ A V'Y RERRIUNERO(ERLIZ
L TWD., ZOFETEOTREEL BELARETH D720, XA YT RvINEMORLE I L
FETHS.

B 6FETIL, R LORIER L NIAHRDBLEIZOWTRRITNSD.

VL BB 2512, AGRCTHE, HEEMLEmRCTH D XA Y REMOAERNGHI~Om@HICE LT
%@ﬁ@ﬁ%%ﬁbfkb,% EMEHMEY:, BRALF T OSBIZBWT, Tk, T EHFET
BHEZANDIR IR0,

X oT, KX oFEFE I L (IL%) OFNEZTLIERRHLLDOLED 5.
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Wideband Motion Control Utilizing Field Programmable Gate Array
(Field Programmable Gate Array # /o JAHkE— 3 o a fr—)L)

I T2 B3 C, BB IERFTE & A ELINE R 2 NI IR G X 5 2 HHE
ISR DHENL ST\ D, SELINERMEIZS AT AT I L > THIBEN D Z &35 5
NTWnWs, —F5T, VAT LHEZIRNT 57 4 VE ZE8ALIESEI2IE, HEE SO
MAEEIUC LV AT AOREEMET T HMENFET 5, 20 hb— KA 7% L,
AL TIEIN— R = TRHDO LA Y2 & THIERZH 21T 2 & T, MEEFEOM
il 2 U CHIEIR OIS H B LA FEBLRRE & 72 5 Z L # I BT LT,

%1 ETIE, AREOTRB I OHBIZOW CEEM I 22 2 Tl L7z,

%2 T, 2 BHERIERICE S v R MilER L E—varar br—Z
B DHFNCOW T L, fEMIC N~ R = TGP ROTH L Z L 2R LT,
IN—= R 2T RN K VEIERDOY T T XA DBEHETH 2L T, MR 20
flcEnZ 2O L, FIERDRFEEILAFIREICRD ZEZ2 LT, AT,
10 R D JE I Bk % 7] _E9 5 72 @D Field Programmable Gate Array (FPGA)% v 72/ ~—
R =7 OFEERS 2R Uz, AIESHIESWTHIERZREFT 52 10k, M5k
FEDOIHIZh R BT 5 2 ENFHEE 72D, HIEPERED M LS FTREICZ /2 5,

5% 3 I, WA DIERMED & 5 filE B O G F#HZ W TEgEm L2, E—
varvary he—L T, MEEOHIEAITS 2 & TS E I 2HlHMItEZ2 KB TE 5
ZEMFEIEENTWD, £ 2T, FPGA Z W T & WP RE 2 fefs: Lo,
F7o, IEESBMEORGHINHGFERAER T2 LT, EEtEE2ET5E— 3
b= VAT LAORSERE LTz, MZ T, HERTH O EE»DHES 2200
\ZBRET D 72O OHIFRAERIZ DWW TRRET Lo, 1ERDE SHEEHMEIZIE, B o5
AL FTRE 7R & HMEZREHE AL L CIEAE L TV 72D, TS 78 B W il s R AR ek
FHCBIT D X2 A7 5EIJiEt 2 RE Lz, RFEICLD, SR TRMEEESZHS 2 &
NAREIC 72 D72, HlER ORI NG T 5,

5 4 BT, FPGA ICFELET DHIHZRORK G LU FPGA & IUHEIHERIZ L - THEK
SND VAT AEEROEF ATV, IR OEED FIEIZOWTEH Lz, filigs 3
WZH=0, HEY Y —ZAEBHIEO 7= OfilEER O LI X O BRI 2 ERE IR OREHT
B DOWTHR 72, F72, FPGA & PLAFHEMEOBEITEE T 5B OREHT OV TR
WL, B LV AT AL, HE) VY —2AEBEB L OHEENEOEZ1T -1,
FIEINT VAT AMIMEIEEE ) CTEMET 5 2 E R S L,
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Development of Flexible Sensors Inspired by Bionic Structures and Application to Physical
Activity Monitoring

Due to changes in lifestyles associated with aging of the population, the human health status is
receiving increasing attention. Flexible sensors enable monitoring and recording of physiological
signals of the human body in real-time, which plays an important role in predicting the occurrence
of diseases and helping diagnosis. This work makes use of the unique advantages of the bionic
structure to prepare a variety of flexible sensor devices based on the special bionic structure with a
simple process and excellent comprehensive response performance. Furthermore, the electrical and
mechanical properties of these sensors and their applications to human health monitoring and
human machine interaction are further studied.

Chapter 1 introduces the background of this research.

Chapter 2 describes the fabrication of a flexible sensor based on a bionic fish-scale substrate and
graphene/PEDOT:PSS composite conductive layers. A PDMS film was formed directly at the
air/water interface by using the diffusion and floating effect of PDMS on the surface of water. A
highly sensitive pressure sensor was prepared by transferring a transparent graphene/PEDOT:PSS
composite conductive film to the surface of a bionic fish scale substrate, and its various applications
were analyzed.

Chapter 3 describes a capacitive sensor with a wide pressure response range and excellent
sensitivity. A biomimetic Komochi Konbu dielectric layer structure was prepared using a
water-soluble template, and it was combined with a conductive flexible film consisting of Cu/Ni
nanofibers to prepare a high-performance sensor. The performance of the sensor was tested and its
applications in human activity monitoring and human machine interaction were studied.

Chapter 4 introduces a graphene-based pressure and stretch sensor with a biomimetic nacre
multilayered structure prepared by a solvent-free strategy. This sensor not only exhibited a wide
pressure response range but also had excellent stretch response performance. Compared to the
fabrication of most previously reported graphene-based sensors, the current approach does not
require any organic solvents and therefore, represents a highly environmentally friendly solution.
The performance of the sensor was further tested, and the application of the sensor in the detection
of subtle movements of the human body, speech recognition, and handwriting recognition was
proved.

Chapter 5 summarizes the research results of this thesis and provides the future prospect of

flexible sensors.
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This thesis explores Flight-deck Interval Management (FIM), an airborne self-spacing technology to
ensure the safe and efficient operation of aircraft in highly utilized airspace by speed control. Leading
research on FIM was conducted by the National Aeronautics and Space Administration (NASA), who
proposed the current control logic ASTAR, and designed the dedicated avionics for FIM. However,
industry demand and the wish to demonstrate the technology earlier called for a paradigm change from
a fully automated, to a retrofitted, pilot-controlled system. In early 2017, NASA concluded their research
on FIM with a flight test that revealed that the current control logic issues too many speed commands,
and thereby causes too much workload for the pilots. Therefore, it was recommended to explore
alternative control logics to achieve operational implementation.

The aim and originality of this thesis is in the proposal, optimization, and testing of a new, easy-to-
integrate control logic, called IM-SP, that uses an original two-staged rule-based speed plan
modification concept, which employs performance and pilot workload related decision factors. Focus
was given on the reduction of speed commands and other findings made by NASA during their test.
Optimization was achieved using evolutionary algorithms, and a flight simulator evaluation, involving
airline and test pilots, was conducted. It is envisioned that the results of this thesis will provide the FIM
research community with tools and ideas to bring FIM toward operational implementation, so that the
time and performance goals of global and national airspace improvement initiatives are met.

Chapter 1 introduces the current research matter, motivation for the topic, and the thesis structure.

Chapter 2 explains the concepts and history of FIM in further detail and gives a description of the
ASTAR control logic along an in-depth analysis of the issues found in the ATD-1 flight test. Further,
other models and concepts important to this thesis are presented.

Chapter 3 shows the research results of multiple feasibility studies using large-scale Monte Carlo
simulations of aircraft using ASTAR based FIM on arrivals in Tokyo International Airport. These
simulations were used to investigate the spacing performance and speed control behavior of ASTAR
and to ensure arrival route compatibility under local environmental conditions.

Chapter 4 introduces the IM-SP concept and describes its design principles and two-staged
selection-algorithm. Two benchmark studies are shown, comparing the performance of ASTAR to IM-
SP.

Chapter 5 describes an optimization study of IM-SP, using Particle Swarm Optimization to improve
the selection logic for an improved spacing performance, user friendliness and ecology. Two distinctive
results, a spacing performance optimal, and a fuel performance improved solution, are shown in detail.

Chapter 6 presents the setup and results of the flight simulator evaluation in which airline and
certified test pilots evaluated FIM, ASTAR and IM-SP in an Airbus A320 flight simulator, recreating the
ATD-1 flight test environment. Pilots’ comments are provided and further observations are presented

Chapter 7 concludes this paper with a summary of the research achievements and an outlook on
future research tasks, including potential enhancements for FIM.
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