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AR L VRERR LT,
%5 BT, NREROIEFFEMICEAT 2EEL B I o7, KL T, BEB=
A VBB TES W IER[ R A B Z o Tn, AEOFI-TIEE T, #_EBTDHIEWIE
MFELZE—Yaryrabt = AT ACHEALE, VI a2b—ya VBIOERERED
SNR (Signal-to-Noise Ratio) % W2k v, AFEOHFMMEEMHR LT, KT,
R 2 A VAR E W IER TR R NT T 4 v VBV AT A Lz, 9
AR DOTZOD T a—F B LT a—X% FPGA LICEET L ik, A7
AU TOFEM - MIEELZFEHR L, VIal—iarBXOERSELEEE T — 2~
J NT AL TEHME L, FOHMAME2HER LT,
RZITH 6 = CIE, RSl Ofbima ik 7z, RimL TOREN, 5% DONTT 4 7 AT
BWTEMNREME 720 25 Z 2B, £72 FPGAIINTT 4 7 AR LT ARABR
BTFCTEMETS Ry b7yt b LTRWICHTEEMERH S Z LICOWTEKL
776
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BERAN MR (YY) W ORE

T (L5, LY HPRZEREOFAEE KL TApplication of FPGA to Haptic
Systems| (FPGA ONT'T 4 7 ZA~DIGH) L, 6 Eh LRI TV 5.

INTT 4 T ADTODINA T T ZVHINIREREN 27 S R0 N— R U TV Z A LD E NS
AT LTHY, FEERENERIND. D72, WHIFHHE 2 AIEE7: FPGA (Fidd Programmable Gate
Array) &3 T 7 ZVHIBNC WS 2 & T A B E L X OEBERIECNT T 4 v 7 T — ZERL
(B IE R ERE S BT 2 D EWIRE S D . AR, A 7T T VIS FPGA 215§
HZLT, ZOXOIBREMEREENEOND ZLAFEIETDHE L BT, NTT 4 7 ATBWTHIZHL
D RMBREE & OBfMEEICE L CTAEITHDLZLERLTELDTH .

FB1EIIFMTHoT, WROWIREEZ LD EE BT, FPGANSZHBENT T ¢ 7 ATHA)
ThHZ ExERLT.

%2 FTIE FPGA MINEEHRIERDOEBUKT L THRITH S Z & 2Rt & & bic, BIRAZH
R D 3FEEE% FSM (Finite State Machine) (2 L W 179 FiEE /R LT-.

% 3ETIEANA 77 T HIERIZE W CTES S5 SR OMEREFREUT & 2 8N & FHEIC
FHL, FREOICHIZEWTEHERBIEMOUGEFEEZ R L, N1 77 7 VHIHERICBN TN
ZFRAE L7z,

HAFTETIE FPGA NARITHD & ENDHLAMENTT 1 v 7 ilfl & NS T KR TR T
EoRy MCEHL, BEREROTHHEOANTT 4 v 7REHZF 0 R v FOIF2EIC KT L.
1D FEART 3 HHEEOHIBEINFAIRET, T A2 WHNCHETIUTE BEZECT 2 E R AEEIC -
TS, TNE~VAZ—AL—7THELET 1 AHDFEKH#EZ 3 0 ~A 7 afb L v 5 B
TV TR W TCEHEBT A Z LIS L. £, IR T 4 — Ry I NRAETHDLH I L&
FEEL, FOHEMAMEZBH LM L.

BHEETIIVAY —AL—T7RICEBEEN O 2550, NT T4 v 7 T —2ERICER T ST
— ZJEMHEIC DWW TR L7z, FEREC I XBERCRIX BRI K 2 e 2 Wb 2 & ¢, F v
T4 U THEERIENE, MIENFEEICRD ZEE R Lz, 2, ThEERICER LZ0A ks
RLTE.

6 EIIBKECTHONIREE F L0, WMl BEOM R E R~

PLEEF DI, KiSLTIEFPGA 27T 4 v 7 VAT AEHAT 52 8T, ZABELSCT —
ZJERE O CEALIZ /2D 2 & ZHEFRIICEBRIMIRLIZL DT, NTT 47 ARBICBWT T
b TR EHFET DL E AL IR0,

XoT, KimxXoEF I L (%) OFMNESTHIEERHDL O LEROD.

_— =




L %3402 5 K 4 N e

F A 38 H
Metabolomic Identification of the Target of the Compounds Modulating Filopodia
Protrusion (7 « =T ¢ 7RI E OPRRE & A & R v — Mg 2 A TR R E)

INGTACENIZ ot L 2 =— 7 IR AT 5 Z &0 0, N TG O TA B
TRENTT D I NS F e P—NEH STV, 2O I A a Y —EEHT 5 ECHE
B DDVEBINEE 2 Ff > T/ Ny LB DOEGS & 2 OFRY T ORIE TH D, ZD XD 732755
DOF, EH DIIE TV MBI ST 57 ¢ ulT ¢ TR & ST 2 WE 2 EEIR & 0 BER
L7z, ZFORER, Zarxz) Py AGPA)LE Y P APADOFRICE Y 7 4 RF 4 T
A TR 5 Z L2 R Uiz, PA 1Z2 by KU TREEEHIHERICH D Z L VEIHIL T
DM, GPA DIEBIE ZnE TR Th -7z, £ 2T, GPA L PADHFRICL 27 4 kT 17
TR 2 T3 57200, Fox 13RO GPA OIERBEfRAEZT T~ T, I HEMRERO(LA
M54 75U —L 0 GPA &RIEEICPA & DBFIIC L VW 7 ¢ udRTF ¢ T 2 THE ST DA A R
L7=& A, RERIHER] 2-7 A% o 7 v a— AN HOTE 2B 5 2 L 2 RWE LT, 20z
EMD GPA LFRFERZIIGIT 2 Z EAMEIS L, A X R — AT L > T ZivE CYERIFEE
DARATH 7= GPA N7 /Va—A TV AR—2—EH L, £D 7/ a—ADHY AHEEE )
Hil95 Z Llc KL IREER AR 2 Z L2 R L, LK PA & GPA 20fHT % &, Thth
2 hay RY 7REREE & AR R A B35 2 L1 & DN ATP =3 L — 2 B O S, 7
¢ BRT ¢ TR AE RN AE T 5 Z LAV ST,

—J7, DADOIFERIL, < HOTHEL TODFENFIDILTE Y . 16> TOSAOREHE R 2]
T WA R e TIEER & 720 9 5, AREEIL, A L~V TR A ORISR T E %
R DIBREBE LTz, ZOFEFREANT, DWSWET A 7T U — X0 iR E 2 1
RLIZEZA, 25y ML, Zo2{EInThy, I has KU 7 IEREEHEA &
DOOFFNC &0 23 AMMROMIN ATP B AFRFRANCHD S87- 2 LD FEESTHITN TR 240
HilLTWA Z EDMER SV, D2 2T TIE 770 23— 2 ORIBEIN~DELY A A
T v T E P D F L0 BSADRER Z P 5 EE A O L

1 KitagawvaM., et d., Chem. Biol. (2010) 17, 989-998
2 KitagawaM., & d., Biosd. Biotechnal. Biochem, (in press)
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T (L), &t (B IR R OGRS KX, TMetabolomic Identification of the
Target of the Compounds Modulating Filopodia Protrusion (7 ¢ 2R ¢ 7Y E OEESR
& AR a— MR 2 O TAERIEE) ) LU, BREENOR S TW5D,

INGFALEM E W TAEMBISRE RN 57 L A Fa D—if5E% & HICHEET 5 72D121,
== RAERIERE AT DN FACEM ARG L. S HICEDOERNZ RV EOREEITI 2 L
NRDOND, £ TEEIL, 2=—7 REMENE BT /N0 FALEMORBD T, 7 4 1R
T4 TR E DIER 21TV, S SIS T DOERNZ 37 BORIEICER Y AT,

BRI TFmCTh Y., EMBIFORBIZEML TE Ty I WAL A r U —FRICO W TR L.
FDEBIRDIEEDTOITWMA L 72 2 F T T2 BAERITRERE OWFFEIZ DOV TS 2 3R =T\ 2,
R TIE FEEMMT o T WMEMERN O O 7 RN T ¢ 7 TERHIEE OEREITTERE IO T
WANTWD, FHITET. K 3000 KOWMAEBEIRE Y 7 4 v RT o TIRHIEWE 2 27 ) —=
> 7 L. Lechevalieria sp. 1869-19 kD EEFRWRIZ IR /)72 H I DIEMEZ R U7z, WIZ, TGPEAREO B
B - R AR TSR, RKEOREIRICE 5 gucopiericidin A(GPA) & piericidin A(PA) DHFH IC
K074 BT 4 TR SN D Z & &2 R LT,

HETIE, GPA & PAOOFRIIC LD 7 v ART o 7R E DA BT OFFHTIZ DUV Tl =T
B, PAIEI by RUTIRSFAERTH L Z BB TSR, GPA OFEAEIEZET
RHATH -T2, BEHZTIINVGT ) I v I A7V —=2 T OFEND GPA BEFERFHZAERT 5
AREEZ I L, S DI AR —ATIC L > TGPA R L2 — A R T v AR—F —IT/EA L,
ZDTNa—ADOEY ABRBEEZIHIT D Z LI I VR EZIH T2 2R L, F-PA L
GRA Z 42 L. ZNENI b FU TR & MRRER 24925 2 &I X0 Milai ATP =
ANX—ZPE D S, 74 2R T 4 TIREHFEICHE T 5 2 L 0me Iz,

IR ClL, FEREVNB R UIBIE R ER OBRR HiE L | £ DFEFER RIC OV TR TWH
Do FHBHEX. RPERILEAIDERSLEROMFE T TT 4 AR T 4 TIEREZAE L2 &6,
ZDT 4 aRT o T IR A FEEE SR L~V CEE IS DY A ORI RN E & PR5R 3 2 2BR
REME LT, ZOEBRREANT, IV APET AT 7V — X0 RERIHE AR L& 2 A,
1,4,5,6-tetra- -C-acetyl-2-O-mesyl-3-O-benzoyl-myo-inositol & 1,2,4,5-tetra- C-acetyl-
3,6-di-O-tosyl-muco- -inositol O 2 {b&WRNe v S L=, Zo 28T nvInd, T har Ry
7R EEIREA & OPFAIZ LV B AMIEOMIEN AT P &2 HEMICHED SE7-2 Lnh | ERRIC
BN CREFER Z I L TV D Z E MR S 47z, EHICZ 0 2{bEMmITWT i 7L a— XDl
FAN~DELY ABR AT > 7 %M 5 FIC L0 BN ADIRFERZ MG T 2F 2 50T L,
BHECTIIRETHY | [HEARRICBW AR THN 7t e KT 4 TIRDOA T J—=7
O RPEE . R FRE & ) REEZR RIS L CTARBFZE THUZ CE-MS 2 & 7R b — A RHT 3
B2 FEBL 720 952 L1IZHONWT, FETHNLIEEEROMAZEE 2 TEm L T\ 5,

PLE, KESCTIER 7 4 0 R T ¢ THEBE & WS 2=— 7 RARIEMERZREH N TINET
TEMERE AR O/ AL E A TG L. & DI/ FALE M OIER) 3 F[RE 22 A 2 78 v — Lt &
WO FTFIETERT 272 E, 2O ORRIZEZROIFAEDFIRICERT 2 & ZARZ0, Lo
T, KX OFEF I L (BF) OFMNEZITLERPHL LD LERD D,
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Advanced Motion Control for Tasks in Open Environment
(BREREE F DX A7 IZRBT HmERE—aray fra—))

A, T30 X 9 2HREE T CidZe <. AMOAEIEZERO L 9 2MREICB T 51
Ry hOFIHANLEENIZUOHTWS, Z 2 TREE L IT., vR v k0BRSSt
G ENRE SN TWRWERED Z L2, 20X RBERETICEBITS, ADE
EXEAZENE LizaRy MREALSIUX, mR v MRS A & BB 2 6 S EEH T
L7eb, LL, BIREIZBW T, vy MIE > THENDHELDFEL, BHIC
aRy NERZET D, ANRRKRHXEDEDA 2T 7 a rOREITWEEICE
M-WNEECTH o, £ T, KL TIIAELICH L TR AR N AT A EFEBT 50
BRI A LI, BBRE TOX AV 2 EBT A FIEERR LT,

F1ETE, AIEOE R A OB ZIR AT, BHERE FTOX A7 (ZmiF, AL a
A NRHHER E Z A7 OFLR D, ZODEREINRDBMETH D Z L 2k,

552 ECIE, IS LIS, BRERME S IO, 7Y v Rfl#ZEZE L, #
DISHBIE U TEREE NS T T INAZEZBL LT, N T T ZHEE X, RO 7
4 — Ry 7 2Bl HmfREAER O Z & Th b,

55 3 W TIX, RIQEAEGI 24228 Lo, RIAQEEAERIE & 1%, # A7 ZiEb) 72 R IZ 3
TFAH NLEETIONAT Y v RHEEEE LTE L2 AHIHADZ ETHD, ZhiZ kL
0., XA OEEMEEBSICEEIRT D Z ENAREICR Y, EHER X AT TE 2L EREE
[CEBLAMRRIC 2 o 72, RIRIEERIE OB E LT, —HHEI Ja~vra (7575
VI, Z2BHREI 7 a~ 7 a ", 75 Z U1, fERRSNA T 5 T UEIEL TTEAN
A 7T 72 EBL LT,

%4 ETIE, RIREEREZ S HIC—BbT D 7= OB o8 LV EE) F R A 24
L7c, TefEd) Tl JEEAMNALE - HEE - FFE T X TomEEH DR
ETHIENARETHY, ERITHD Z LUNDOFMEME L L, I ORREER)
BXAEHNT, ERAAMAANAT RNE2EH LT, T AT NTIE, EmEREeAR Y NOEE
L. RRFCOR T 40— RNy 7 IREH IS,

H5 T, D ORIEMEZ M ESE D, DR—=2ANEA TP —RZEE LT,
PERDHELA T — %, MERIEZ B E LTBY ., R EME DR DS %
Pl EED, BETDHR—2NEA TV — B2 BANELE R 2D 2 LN ATBEIS
720 DEEORIEMEREE KR E S BE LT, MEROMNELA 7T — L J_R— 24 ELA T
P —NEfAB DR, MEEIONAT Y v REERZ#ER LT, TO—IcHFlE LT
NA T T VHIEZ B LT,

%6 EICT, ROz ik lz, FH2EMNOLHE S EOREFIELMASDLED Z
LIZED, ARKEAGE DA B2 T 7 a U MEET AHBEE TICBIT 52 270
EHARETHLZ 2 Sk LT,
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B2 E B R  HA% () ek ek

T (L), L% B AERMOPALEERMm L [Advanced Motion Control for Tasks in
Open Environment] (BHEREE FTO X A 7B 2 @mERE—arary br—u) LEHL, 6EMND
EREhTns.

DA EE AL EDBRFEL 720, v ARy b ARG ML R OB T2 T 2 4 A7 FATHEE
MBI > TETWND. ZHUE, B, AR, JBFBREOMOM TN FEET 2 ToOE—T 3
vay ha— LRI e DL ARRRSUIE, AMELISRE L Ca N A R A i B RN I & R AL e
BEAEATLHZETHBRETOXY 27 FATORDOH LNE—T g v ay b a— Likitik 42 B
ISR LTebDTHD. TN L FRRHZZDFIMEZRRA BN THEEL 2D TH D.

FIEIF R THoT, 1RO EE DD E L BT, FRKEICRBIT X A7 EBLUZIZZ A7
DFLl & ENEFEBLT D20 A MR DBBETHDH Z EER LTz,

92 W TR TO X X7 FATICHERAMLE L 1D A7V Rl A0 HilE oS0
TRSHICEBTE L L AR L. o FEREREMEE A T 7 ZVHED, ZOFEICK D REE
IS UMb RBRICEBITE L2 oL,

%3 ETCIIBHBRBEICBI DX 27 03, RIAZIZ BT HALE & DA TV v RN )RS TE
LT EHERLIZ. EOREE, B A7 OBNBRIRBONEGIHIICE 5 L0128, ZOK
RS AR & BT IC L W R BIAT A D L Db Z LR L. ZORERE, ZHBEON
A T T T NVENELCTLEMEDE A TT T VEER E OB 2 2 7 PNHBICER T& 72

554 B CIIATE CRRE L 7o R AR A B R IR L, BRI DX X7 & F4TT 5 OITER] 72
BronEB FRAOFIRELRE L. ZOFEZEMT 22 LT, (iE, EihE, KERESopy
PR A SRR U A AN D 2 E M A[REIZR Y, X0 Rl Al EIC Ze 72, Bl L CTENA
Na Ry N ORBEMEITHERDANTT 40 v 7IE#RE L TT 04— RNy 7 SHDHH LWETTHIENE
TRRBLEOFMEL R LT

855 FCIIm N A Mo IR EEHIENE &2 DHIEICIEET 5 2 & C, A 7Yy REIR A S IC3E
TEX DT AR T LRI, RIREELAGDOEDZETHRAIITNEVIEREND T EERL
7.

FOEIIFECHONIEEE T &0, WX RORGHmZ iR~

PLEZEF 210, RFRSUCIEBRRE TOX AV ICRIREREE A 7V v REAZEATHZ L TX
MEOHHE—arary ha—/VRalRE/R 5 Z L ZBERIICERIITR LI O T, AR > Ml
BBIZBWTCTEE - T EFET D EZARDRI 0.

XoT, KimxXoEF I L (IL5) OFMNEZTIEERHDL LD LERDD.
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WEF o2 AT L EY g VREERHWEAAALZAZT v 7 L— X1 AT

A, b7 o2 AT L ey a VEE WAL R 2T 4y 7 L—ZIZBW T,
L—ZMREA 0 E &L 0 OEFUHEOFIEICET I L0 TH D, Uikl —FiL, H
BEALIE DIEE DT O, FllCEHREEZEETHOMLERRNVEDOREIRFEND D20,
AR ADREOHR THRD THHTH D, —HFTCZOL—XIZRA ORENFIET 5,
Thbb, TEOEEEET L EE RN OZER~EE G 2 EEK & OO
EAEMNSD 7 Ty ZRSy & BAEE SO OTF R B EEMMEREZ R T S8 5 g,
FEBILPHIECE N2 & D B REENHIR SN D BEENFET O, b X
L—ZPERENN LD DI T REMETH D, T TRML T, INHE2EET D
FHEIZOWTH EF A LT L EY g VIREDRE S 7+ —~y 2R LB ZT-
oo TORER, ZOL—XIZEBWTH - NER IR X OVE 0 fREE 72 B 8 B A f i
EERREL, TOAYMEZa L Pa—FTIalb—ra 2RO THLMNT L,

AL 6 ECTHERR S D,

1EFIFmTHY, AMRAEOEREHN, VL—XOMMBIORNMAZT v 7 L—
AN BT D ARMIEOMLE DT Z IR TW D,

2ETIE, M EFVH LT LE D g VIEDRETR, N AXT 4 v I L—HDE
EHEBIORZOREIZOWTIRR, BT VXNV T LBV a UEE WA A X
T4 I L—FIZBITAEIZOWVWT/RL TV,

SETIE., 2OV —FIZBWT, ITEEZOEGFME T (SINR) OHboEE
KThHDHIEERNPOZER MW T 2 EEEB L OEE BEIZK 5 /v TF S22 W+
THHEERBEL WD, BIIHEEFICEENDI M2y MEEEHWT, w/LF
XA DPRIERFE 25RO, REWE O IERME2 L7 ) B AR LIE T 2 JFEICHE SV TV 5,
HEMY I 21— a0k, ZEEEICE TN TW I ARER LS O E )t e e
. TEESO SINR REEENDZ EERL TS,

SEICIRETHMESFRXEHWZGE, BALESZREF IV ALV T —NELT
BE. MEMENRE LS AT D, 4FTIE, ZOMEMENRSLILT HRHELEZBET 5
WMHRZRR L TWD, ZO/RBETIE, ARl T—RN0. 1 RKEOHEKTIZ., rZ
E5DSINR N T —7 ) =B LIRIEREEICRDZ EE2 R LTV 5,

S5ETIX, FEEHIEEOHIREZE X 2 & fae/ B B ERIELZRET 5, B2
[ € B AZ RSy DR E T M~ BE 2 K S5 2 & T, BEIBIEO A% &5 fifEE Tl
HT 25D Thb, stE I 2L —y g ik, i E i LZ 2 >0BEH
BEHME = B IE O i BR 2 8 2. TorBEiit S dv, DoBEBERIESND Z EER LT
W5,

I 6 BT, KigXOMIEZITV., IBREOHFIMEEZRL TV 5,

YLk
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WMOCHEAMENE . EA BERRRTERR Tt TR

Al BESBRRTER Tt AR R

B2 ME B R 30% (A O 2 BN S

BERAATHRER LTy EmE ER

b (L), &L (L%, BHIBEZERHOFAEERm X, METo2rTrreya ik
EERWIEAL AT 4o 7 L—FIZBT 5098 LEL, 26 mrbEkIhD.

TDNRARET 4 v 7 =TGR & BRI R 25T E S, (L& Z R E T HHERE
bbbl —XiREA AT HZERTIE, BREZEETIMNERLRWNE WS FENRH 5. BEOE
WEICHNDSER & U THEREZ WD Z & T, L—XEA BRI L U728 miE o v 2 <
AT O MENT2 L, 1 ORI E BGERBRE LV —X HiED 2 S ORRICHNS Z L2k v E
WHFRIRZhER M\ LT 5 &V RS S, KEFS OB 72 & TR AT T T
5. B X BRRERNHD—FHT, FEOMENTFETDH. T7hbb, TEOBEES L EER
D OZER~EBEERT 2 EEE & OB OTFOEE BN O OBELEE K & BEE SO OT
WA BERAPERE 2K T S W2 S, E 53 mMilil T & v 2 &S IR fREEN IR S D
MEERET NS,

AFHL T, NS E2UET DL HECOWTHET AT LE Y a VIREDES 7 4+ —~ v b
IR UGS EATV, Hi e N R R X OE O REE /e BB B MR IE AR E L T D.

1EBEIFmTHY, KFEOEFRLEEN, L—X OB L0, AZT 4 v 7 L—FHEIRICE
T DA DOALE ST 2B X TN 5.

2ETIE, M ETUHNLT LEY g VEDIEER, BIREOEEHFIEIZOWTIRS, BTy
ENTLEYa UHEERWE AR ZAZT 4 v 7 L—FIZBITAEIZ OV TR L TN .

3 ETIE, ZOL—HFIZBWUREESTOE TS T (SINR) OHLDOEERETH 5k
BRNOZER MW 2 EEN B L OEERFEICE D~ AT SR EZMET 5 HFiEEREL T
W5, BRBIIBEEFICEEND M vy MaBZHAWT, /LT SAORBIERFH %2R, REH
DIEMR LT DA LIBE T 5 HiEZEA LTS, FEEY I 21—y a it kv, ZEE
FICE ENDREW Ry OB ST MEE LR, ITEEE O SINR DWEINDHZ EEZRLTWNA.

SEICIET H2MEF XTI, REROL TV B EERT HEECERICL Y v LT 2D F %
B BRWeER (LLF, BAELEZREZLE W) Z2HNWTWS. ZoFXTE, BAE LSRG
TN VAN T =N E UGS, EMERENE L ST 5. 4 ETIE, ZoMERENSLT
LB T DU AIER L TWAD. ZONFETIL, V77U B BRSO SRS & 8 ks ©
R L, HEF LU SWTIRE SN DBIEEZ B X D0 % > VARV T —I12 X D REE D5
ERETDL. ZOBRBRSE~Y A THZ LIV IMERREOR EEK->TWD. BRI 2L
— a3 AT HERERHI A2 TV, ¥ ARV T — 8 0.1 K OfEIEk T, A5 5 DR % 0.5dB
REICIA 2D, =7 —7 VU —kf & IZXFSE O REJLIIEMEGE, 3 X ONZIEFRED SINR 2345 54
5T EERLTVAD.

5 FETIL, {55 HiEORIIR 2 8 2 2 @y e /2 B8 AR A2 IR ET 5. BRILETE B IR
5 DRI ~DOHBAZ ST 5 Z & T, BEIHIEDOA%Z MUSIC £ (MUSIC:Multiple
Slgnal Classification) 12XV &ofRETHILT 2D TH D, FHEE I 2 L—Ta 2k tE
e 2304 U 7- 5 5, WRfdh - Curhs L7- 2 OB E) B )ME B 8iE o HIFR & 48 2 C AT X
A, DOREEBENIESND Z EER LTV,

6 MM ThHY, KL THOLINTHERERIEL TV 5.

Ulb, KX oEHL, M ET 2T L EY g VIREERAWEASA ZAEZT 4 v 7 L—FIZRBIT D
REREMEER SO RESE B HEZIRE L, ToaMEzH oML TEY, 1% E,
TEETFETDE2ARDRLV. Lo T, KaXOFEFITEL(LFH) O 2T BB H
H5HD LD D.

-14 -




L H 253411 % K 4 lky B3
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L— WA BN & 9 5 RN L TR O LR 2 B S 58

TBEIR CEREE L AYVE U D &Rk PR~ OMTEI A E U, RIS TemiE MR o & s i
RHENREEDS S [ E 2 Shd, MERIEINREROBEESILKE TR L2 800 HA, AARTELZ 108 A TH
. 65kl LD 10200607588 LT D, BIfE, IR KIREIE S U GREA & —_ s a ABRRDA H &
LT%, L, FAREEENIRE O AR FIB@ERESL 3\ T3 b— AL, A7 > MAETITE HITTRE
RGBS | ML STV, AIFSE T, L— YA BR & 3 2 RV A RN T S A A TH D
Photo-thermo dynamic balloon (LLF, PTDB &FES) ZHWIERGAZIER Lic, ZOHEL 73— AmEH
(ZIEREAFIRTH] (<258) MENG 2 2 & C, EIZZDORAEGD Z LA ER L C\D, 12, MEREHEL AT
1659 % 27— AR VARV S . SO MBI 2155, BT, mAEHIEOEfH BN X
VTS, B EIRAROIFIACd S TR AHIIE IR A T35, PTDB I3, ~Vb— AR & IERHH]
NI GRETTREL IO CDOT /R AT D, £io. 7 I—2 REDRESIL SCLLT &/hE L, B—hEiE
BLTWD, ZDOXH 7T ADOMHREIZ L > C, PTDB 555 Tl BRI ARG CI S~ -/
BERETRIEOFEANFIRECH Y . MRS ERIC G2 DEMERORE R (LS D 2 ENTED, L, Nk
G L IREEHROBR, BLOZFOFHEIIMGISN TR LT, PTDB R OSSENEGIH I 5237 > TV Vg
VY, AGHICO BEYIE, PTDB ONEEEA AR 52 D882 TR I VR L. T OBER & 150
BOBURAALNCTH 2 LIt D,

%13, BRI L& ZOIRIRETH DRI, v F =y 2 ARRICBE LTz, 552 30l A
TROBMER & BVIERRIEA~DIGHZ R, & BITARIZE CH - S T O R % Z ORI E LT, 3 3
O, MBI OT M A TRFREARIG L, ZOIRRIEORS & RiGE R LT, 34 % Cl%, PTDB
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FINZHHGNNZT D ENREETH L 720, HEVIUfEICIND Z &l oTz,

AWFSE I A BER 2 AW T 8O B o e DRt 2 . BUBEMTAI 2 FiEEZ VWD 2 &
THEBECH OGN L, THEMITHZRFRE O R L i 2 2 & TR R O X 0 s 72 8 %
ARE L L7z, ForH MBI LA EEEMRBIEZ v I 2 L— 3 U CE D BN
52 &T, BHERRE TN TR LN DB R 2 FANC TR 5 2 L 2R L LT,
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TILiEE ., WEABAMEE T ORI AR v b (BIEEIR) 2R L, 77 U U EBNCE
KT 28N E, T70b b RO J1Tk L TR 2B 279, 72720, +o72ED
TRENTE DREICHOEREIT D BTH 20BN H Y | BRI REE T T FCS HIE Tk, &
RO 1072 ~107 mol /L OFAPH & 7225 L 912, BB Z +ICHIN L THEE B Z b7 < T
RBIRN, ZDT, BEFRR EAKERE T CHREERT AR T EBIERT 256, ARNEREE
EIIRELS ERDEBPE T TCOMEERERS INTND,
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0 —7 2 Lo, @2 RRE DD e R B VAR |21 A FTRE 728 LU NSOM-FCS $:fic ik H 2 E &
S>TW5, 7272 L NSOM-FCS OE, 7' a— 7 it 5 O RfEES O ZEM 7 v 7 7 A V38N O
FEIRITx L CHURICZ b T 2720 JET — X OENTIZ T —7 ¢ 7 7 7 S NRAT 5 vl getE 3 a4
INTWD, £/, e —7 MmO BN E T, AR OIEHOEE N K& B2 5 2 &N
HMHLNTEY, Zhb T — 2R s2 6759,

DX BREFOL EARPRTIX, B EEOES A 2 BUERIZEE L, o iEBcESE 021k
HIEMEICE D ANT-3H RS I 2 b— 9 VBB IR0, NSOM-FCS DOJIERE RN SBROARE %
T D720 FiEEHNLT 5 Z L2 HIE LT 5,

B1EIIFmTHY ., ol R, 7 EBEFERICI T S FCS JIEICE T 2 uHEEm . 725
NEAAFZED B 2R R T\ 5,

B2ETIIAMIEDORME L 72D FCS OfRNTEERG & SRS 2 BT 2 8 INKL 1 O EBGEEN I S
THEF LTV 5,

EI3ETIIANETEB IR I ab— g VOFEEFEICHO N TR TNWS, BARAICIL,
NSOM /B 7 1 — F B DB ST DY I o L—3 3 > BHALE P 2 7k 84 5k T EE 0 >
Ral—vary, ZL5WNNZINLERE Lic, RO FEN 2B EMES D I 2 b— a3 &
DINEIZFER LT 5,

BAETITIY I a2l —rvaryOfREZRRL, BONTTHAREZEHL TS, £7 . EMEREA
B OO E ETOERCS v =2 b— 3 VORSRIZ, BEOH T AN EE LIZfATiRIZ L - T
TA T AT ARETH D Z EWNHER STz, 7272 L. B0 OFARSONEIL 7157 SR 5 45
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PEEOEEN R 5 7 e — 7 e AR O BB U, B ER o0 B MR R E RS B R
Bd, BT B3 iR B O T L EMiTHh D &0 )RR A 157,

FLEITHmTHY . KO REZRIE L, SHBRDOEBLEIZ OV TERITND,

PLEBES 21T, KRia e 5 fREE D e BEVE R~ FH AT RE 72 NSOM-FCS JIliEIZ%F LT, & DfiF
WEOEBERIEHZ 527260 THY, T /73 Lo TFICBNTIE R TR EFFTLHEZ
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BIMHIIER SN TR, 2 TR T, BB OY 7 27 0 CTEENS T
NI=TLAEEICEENDS I 7 ezt L, ZNOOENRY NG ERGT 5T
EERET D,

F1ETIE, TTHEE R E LT, ~7 2 OREL B EIOEEEEIZ OV T,
7 8 OFEDPHRERERLO T RV IZOWTHAT S, £ LT, ZORSRLOT Y O E
Z 3T THIE T L, SPring-8Ic Tig T& 5297 27 o U CTHEE % AW T, MEWN
HICEEND 7 OB AT MG ERD D &) RKEFZED B EHRT S,

W2 ETIT, By RBEE LS O NACTHBICOWTIAT S, T CTOMM %
ik ~7- FCSPring-8 COCTHAT A& T 5, £ LT, R - lBEELHA L, BES
D DR A IR, B2, SPring-8 CHUS S 415 CTHIE D RIG MR 2 MGk T 5,

%3 ETIX, MEN T & iR TR0 8 805 0 6 ATt e e i 3%, MR L%y
B 51, MBI OB TR 2 T+ 5 72 DI B Th 5 O T RAEEZHT 5, WG
TR BN SITEN AT MVEOBIRICEL 2 Tk LT, REDENM Y AR
DD FVE, BEROEN AT NGNS & DIEFEIZIB T DAY MVEHEET D TFIA,
Z LT, BEEDOEMRT MG BRERY MV ERIET 2 FED 3 =i T 5,

A FCIHIREFIEOFMZ R~ %, BEFIEIL, MEZIRG LI Z2ERI#% T OCT
W5 2 7 ok 2 FEEHE LS 7 ol 02T MV ARSI S
FIENOERESND, BT, B MG ERSGT 5 FiEE, 27 afifiofch g
AR BREDAAITIE LD ENH D 0WHRFITEH L, 2D 2RIV EESSE 257
45, STRERRE VOB A2~y F o7 T52 & TEBBENRMEIOLTE L4
Bt AEOFE - B2 2T 5, £ L TED I, MEEARKEWEIZE LTV 250tk
TBIER, BERIOEN Y VG XL D BART MVEHEEL, ~ v F o735, FiZ,
BG SNTENART S E TTICETBRE 2T+ 5 Z L 2 E 2. B~ M5 %E
R ERT 5,

5 ETIX, AFELMHIET A, 2HEOEREZITVWELET S, £7. X0 D¥
BEEZE LTV =0 AGEORBEIERRL Y, K~y TF o 7V FEOFNEE EE
T 5, FORER, v v F U VA RIONE TR L. B2 572015
REEENE LN TS, LT, BEBICT VI =T L8855 EST-BEOCTHEND
7 v IR BRI A B L. RSEERL D TR OB AR L TV 5,

%6 BT, Kl Ofmzil~, S%OWEERBELZ RL TS, Ik
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MEF TS558 Cld, MEtOZeM - THAEZRGET 2720, MEIRIEI NS EToI I EZh
IZE VAT 0T HOBMRE R T EER AT T 5 Z ENEE L SN TS, MEOZ 1
Hikdm CTh 2k (kD) RERBEY & - TSN ZRmETH S, B UM~ E umd
FEARLE, TNEN—EDORESR IR > TRV, MEHZKEWIIMER LTBEIC K~ THIF O B
LT RONEST D, WTE, Z0OTR) OREE 3RTTTEIET 572018, ik SPring-80
HAXH (20keV) THREGSNIZH 7 I 70 CTEREBAHAWOLN TS, LarL, ZhHIFAMET
DFFTRARLTH Y, EBFHMHIIFER SN TRV, K, RO 727 v CTHi
MOHT NI = AEBICEEND I 7 vzt L, Zh O OEMNNT N % @IS
DT FEERREL, BGEEERICLY Z0aMEE R LTV 5.
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NOIE, MENO BT 2 BT+ 5 72O ETH L O T AAIEEE, Bl T 50 63BN
7 MV OBISHICET D 0ERTFEEZRL, TROOFEORHKEBBESEZH LI LTV,

FAETIE, BEFECOWVTHEMORNTWS, BEFIEIL, MEOZEEAITES NG OCTH
N7 a2 AL, i Lz 7 el O BN MG E UGS 5 FIED DR
ENTWD. BT MUVEOBRASICE L TIE, 7 afiEoh b BRI < BB MmICIES D
ENRHDHBRAICEER LB~ v F U 7 FIEERE L T D, ok 1 2 IR I 06 W EdE
B L, RERKRE WD T2~ v T 75 2 & TRRENRMEIOZE S M BB RO I -
MR ZHEE L TV D, 550 OGERL 71, FEEARKEWEICE L TWD O bIER, BEMmOZE
PR MG X OB MVERTEL, ~ v TF o T H{To TS, B, BISGSNZEN~T b
N % TTICE TR T35 2 L 2l E 2, BT MAGOERKRELTFEEZREL TS,

HHETIL, BEFIEORIMNEZBGEET 2720, 2EHEOFEREZITVELE, Mz iTo T\ 5.
EP, TROOEBELEERE LTI =7 LAEEORESIERBRIC LV, IBREFIEOFINEE T &
L TWD. ZORRELT, v v F U ZTHEFRIME V) @~y F U IHEREBEONDL Z L
ZRLTWD., Fi, BBICT AV =T 05855 E-T2BOCTHEE D X 7 v 72 B2 B
BL, FERRIOT R ORBEHBE L TN,

FOETIE, mXeRoftimaet 5L bz, A%OREERBELRL TN,

VLB, KRSCTIELETERIGOY 7 I 7 a0y CTHENS T VI = LAEEICaEn5 3
7 afiikEE L, TR0 OEMAY MG ERIGT 2 FEICE Y, EREE MBI O L TR
DIEMTNARE L 725 2 & A FRAICFERANR LI b 0T, Bifg T8, ME TSIk VT
T¥E - T EHFETLEZABDRL R0,

LoT, KiwxoFEEIIHL (I%) ORI EZTILIERNLL LD LERDS.
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XML ¥ 1578 PPX (ZEH3 5098
WH~—727 v 75 XML IZT — X O, FH oid - 4L A
EFHxICHBABEIATWS., ZOoXEHEHBRITIENASCHEE E & LICE
BHLAMEBRETCH DL XMLORNEEZEEICLA T U ML T ENXIE
HEF-E, HTML O ¥ 7 % 5 2 52 Z L2 & o T Web 7 7 7 ¥ T FE R
THENTED. Z0 X 97 HEHBIC XSLT X XQuery 72 & O F] H »
I R L TWDHER, TOa—F 4 v 7 T8EMT, FRIZHTML & %
TOZODOEEDO=— X TEH V.

A B %2 T ix XML ﬁ>E HTML ~ @ Z #2 % 17 72 9 PPX (Pretty Printer
for XML) S B2 T 5. PPXIZIBEMKT — ¥ X —R % L THEED
:&%ﬁ%ﬁamWHWngfwvfméﬁn/fv%17~wsWL/—
Pﬁﬁoi&é?~&%L XL TRV AT U N FEERET
LTI KM EE X EE AL L.

it,iiﬁu@XMTﬁgﬁ TR AEFEEORE S — RO HBIEF %
R 17T ,n®mﬁ% Jy— kN, FA—VY oy, EBEH KR L

572
DM & AT D ?@fﬂ®ﬁﬁﬁﬁ%%EMLt.
Bz, o XML Zrto#d&E 2 XKML CHBMIC HTML fE3 2 B &) L
47?FL%%%%ALJM%VX&VX@%%%%K%@PKV
47?k5@&E7Wﬁqu%%%Lk.

AF i E B CTIiX W3C @ Query Use Cases ([ PPX Zm@ M L, 76 % 7
wXMwwmﬁﬁ@i%hﬁu:omfwwxm;ofﬁwﬁﬁ%%f%~5%
SHORBDVAIETCHD MR L. £/, XML ¥ — % ® HTML
f\@ﬁ@_ﬁﬁgz F 4 7O W T, XSLT X XQuery £ VW & 4
N E WD & E Rl Lo T L T-.

E{i&
=
M
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B 25 BA K % Ph. D. HAE S

Bt (%) &R OPAGEERH T XML B 1558 PPX BT 2498 CEL, 5% X
DR STV D,

XML (Extensible Markup Language) |, &b SN XEOFLREITH OO~ —7 7 v 7 55k
THY, B, LFEREORESEBROET T, BTREIRS, CEOMBR EE4 7258 IRN
STHHEIN TS, XML 7 — &% OFEIEZH & HIRIE, Hi, MR E & BICHEERERETH
. XML Z{EEIZL AT 7 LT 5 HTML IZE# LT Web 7 7 U HIZFRKRT 5728, BURTIE
XSLT X° XQuery ML LN TNDED, TNHDOEREICL D a—T 4 > ZI3EHE/: DT TR
HTML (b %179 720 D EFED =— R|EE .

AHFFETIZ XML 2> 5 HTML ~DOZ #a %1772 5 PPX (Pretty Printer for XML) SiEZ2E L TV 5.
PPX |Z RDB [Z%F L CRIEED Z & 24772 9 SuperSQL [ZHESWNWTWA D, f X 2 F—72 XML / —
RN ORI DT — 2B L TRARD LA T 7 b HIE TR ZIT72 5 72 OISy A 8N
L7, F£72, FRlCCEFLO XML CEEZR LN/ — R OIAF ZR7GFT 572012, TOHBNEIZ
V—h, IN—¥rr, EEAIBRZ EOWLBREAT O NEF RGO KAEHE T 28 A Lz, I, &
7 XML Z T D% KB L CHBNIC HTMLIL T2 HE LA 70 MER 28 AL, XML A >~
AR ADERHERICIE S\ LA T T PHERET VI Y XLEREL TN 5.

FEAM SE8R Clx W3C @ Query Use Cases |2 PPX Z il L, 76 O 7L XQuery Bl 5 5, 61
IZDOWT PPXIZ Lo THEMARFERT —F 2GRN THDL Z L 2R LTS, Ft,
XML 5 —#% D HTML ~DZEH MBI a1 —F ¢ 72O T, XSLT <° XQuery & 0 & A FEME 2 &
WZ EEFERIZE > TRLTWA.

FEONFIIROBY THD.

F1EIFHRTHY, YEOE R E BRIZOWN TR TN D,

F2ETIILMIDOTETHD PPX SHENRG LT 5T — X ET /L EEXOHARIT OV TR
T3,

FI3WETIEPPX SRBICL DA I A F v A ZABEIE NI DONWTIRRNTND ., I AZ~ A X
%, HONLORRERD XML 7 — X OREENR 302> TWDIEEIL, 7l 7B A7 U MNE
B2 ANWTEREICHIOBEEZREL, TOMREELI LD THD. ZOTHOITARIFETITSEM
AY I SC L NEFFARAFRL O AETHE A 2B A L TV D0, RKETIEZ N SO0V TE OLAE, i,
FEETFIEE MR, EN D ORI HOWTIE 21T > TV 5.

HAETIIPPX B L 2 HEEEIEH NZHOW TR T WS, BEEEIEH 1L, Y —Z XML (%
13ZF D —4y) ZIToMELE HRICKI T 5 HTML BHEEICEHRT 5 50T, F07=DICHE)
BIGHAEFAZEALTWS., HEEERIZE 3EDO N A X v A R &t AR EE 2 > T\ 5.
BN a7 7 < PEEEEE LW OILBZSICHIINGE L 2L L, ®5L7ed XML T—
A OWEE T 0 7 T RNERNCH LRV THOIAEGE OIS ZETHD. —T, Tars TR
BEEITORWEOIC LT — & L MR ROM THEEE AT O Z LIXTE RV, RETIZZ O
7Y XLEFRL, fHMEZ{T-> TN 5.

WHEETIIEME LT HEOMEEZRIEL, A% OMEIC OV THRRTND.

DL R 51255 300F, XML F—2 O HTML ~DORE S 0omEDEHZ AL L, F Ofifikik
ELTPPX SiE2IEL, TOARAMEZHEE LD TH D, t> TUMFFRORTI, Z& D
e & U CHMN U CHIZEIREI AT 5 72 DS B & 72 D @ E /R AFIERE ), B L OENRF#MNH D =
LERLIEDDEEZS.

Ko TEHmLOEFIIH L (T%) OFNEZTIERRHLLDO LD 5.
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KELS BT D ENKITOHFETRESN TS, LovL HA (35 S REDHIEI N R #E 72 - 7= 72
B, HA O/ JERE L iR S TEIC BT 2 D 7e v o 7=, (S 13, VB Ly o LK
¥ (DCP) ZHRfEL LTINEKER S 2 A TIANSRETHZ LIk, BExoEiEs o HA
F ) FEROERNC KT L=, AR Tl 0 HA F / fER MBS 5 2 A Bz W TR LT,
72 HA &/ il Bepk 5 2 & OIS 2 EF O HA & B-U =L 7 A (B-TCP) OBAIET
b5DH ARV AL T A (BCP) A/ERL, Zofla@E stz oW Tt Liz

1R CIE, Ml & AR OF EAERICBIT 5 mds K OEATIFRIC DWW TR L, AF9ED B %
WA,

H2ETIL, EEICT /HEEEATS HA BLIOBCP L v FOfERICHOWTHREF L7z, s
TdHDHDCPDOLL v hEFEAR DTN H Z L T, 2Ly FEEITEL 30~100 nm F2&EE O e
PR HA fEdh,  EE 20~25 nm ORGSR N TRIZ 72 o 728K HA f58h, JE & 25 nmiig 260 nm 2D 7 L
—ZWHARRZER L. 51T, M#HERC7 L—2RoF /#ERmZ267 5 HA XL v N &k
5 2 & TEE nm~%% um ORI - CTEDILTZ BCP XL v MRS L.

FIETE, T/ EEEAETOHAN L Y MCBEHFMREZBELEET D2 & T, HA O/ i
IVE I G 2 DB O TIRFT L7z, ZORER, XL v RZ#EK LTV 5 HA bk O —Uchki 1
A ZPRTTHI1EE, O LICHFE LoMROBEENIEl S s Z EAVHB L7z, & oIk A
3100 nm LA F O HA ETIXEHEMIIT T R b — RICHa 5 2 EAVHEIBA Lz, Z uidksda o,
W2 XD EEMENEFICLE R A XOEEREZ TR T 5 2 ERRARRIZR D720 TH 5.

55 4T TIL, 5 3 L FIERD HA -/ fdb R i S BE 2RI 5 2 2 BT DWW Tt L7z, 30 nm
LLF OOt it b I EAARI B IR R OTE MR T 27~ L724%, 50~100 nm O S Tl
72 HA AT EE~SHHE SR HI N o0 400 B2 25 ot E 23 1) 97 % 2 & ANHIBA U 7=, RRHE RN 2B 2 H
ICHAVNE MR TH Y, EFICHERBEEROY A XL EHFEMB L 0/ NSWZ ERBHlS . &
DT, T/ M OIS I SRR O HERE MR B e & X T B DWAE BINL N, AT
W7t A X Th 5 50~100 nm Ol B CREHESEIE OIEPMED M B 5 Z E oo Tz,

% 5T ClE, BCP OGS B TEHINEIZ 5- 2 22O W TRET L. HA O 4 LRI/
g ECITB MO AEFERIHI SN D Z EAHB L. L, 7 uffEo BCP ETIEEHF
A O BEECHETEITIH ST, MR T VD 73 A7 7 2 —BiEENEE 72 BCP Rick~R 74
2 m B9 2 2 AV U7, E A En gl Sz i BT, BRI R EICEEE LT
W2, Z3UE BCP XLy FOHMLIZ L D HHNS DN T A F U HHENE R L2720 TH
5.

6T TIE, fifme LTEETHEONIMERERIEL, /& S MkIc X - THilaz 4 5 7-
OO A% O & BEIZOW TR

LUk
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B2 E S B RF 30% et T B RuE

T EEE T HKEET LA

N SRAENT X B HHBRTEYE O Hil1E 6

KIREDEKS THLHKEET XZ A N HA LB ERBFED 7D A EA B LTIA< HW
SR TWD, ARME O RS I ARBEIEICET L Z L AR ENTWVDR, HA OF /1
& & RE A M BT A LI TR, RAFZE T, 7/ A7 — L TEERRERER § D HA
A, BELOHA EB-UR=TINT T LD FHRY IV 5 BCP bz AV CTHEHER I
DOAEECHR 2SI 5- 2 5 I OWTRFT L, OIE A YE S 2 WO IHIIRIEYE O HI I RE 2
FRM LM B G O 7= D O BB 2 A 255 Z L2 B E LTWD

1T, Afa &R E OMAEERICE T 2017838 i L OVEATIF RIS DV TR L, ARBFSE
DHMEZBRRTND.

W2 BmTIE, RMEICEHERT I HEEZAT 5 HA BLONBCP XL v hOfERE L Z otz
WTIRRTND, FRETHD Y VB T DK % B2 5 5o CABR L, MR U CTEUL
HAEITH & T, T/ A7 — )L OHER « #HIk - 7 L —2 kD HA FES D DAER S DXL v |,
BLOEHE nm~F um Ok - THEDONTZ BCP~L > FZ2H T\ 5.

% 3T, HA T/ i D S 2 R Ve FMIICE 2 DBl OV TR T 5.
J fEdn O I OTE PRI TR e R i U TR TS 2 8, HA RSSO — b A
RO & B 72> THIRIRESEE DM I S D Z &, S BITRLF-H A XA 100 nm LL T OSA A
TR =2 RZMD 2L 2R L TWA. 22T, MROAFICVERBEER DR &R+ A
ZADREABRMNRELZEI TN,

W AFETIE, HA T/ S5 DA S 5 REDSERHESF IS S 2 2 IO W GRR TN 5.
30 nm LA F 0 Eh b CHREMESEHIIR O TR M IR R & [RAR IS T L7228, 50~100 nm O #E 5 Tk
T 72X Ly b & P SHRHE SRR O RIS PEO B E N M B35 Z E RSN TV D, ZOJEIA
E LT, BRI AR TN WRH RIS B OV A XS &, F /o fEE b oL
v N TR OBEE CHE M B2 2 R T EOWEBNZ N LR L TN,

% 5ETIL, BCP XL v N OWGIHEE N F IEMIAIZ G- 2 2 B EBIZ OV TR TS, HA 04
ERERIZT /7 fdn E I E MR OEFRITIR T L0, AFL TV DSHIOEEITLE L TR
D, E£77, Bopm ORI HRERL S U7 BCP XLy b ECIIAIOEE OBIHI T IH S 4, M
JTEPEIIRE M ET D2 Z ERHLMIL TS, b OFERIE, BCPXL v oMbz L 5
HNT T A F RO & BES T TERI TN S,

FOETIE, fMie LTHEECTHONIBRERIET 2 & &b, Mgz kT 257204
BtomEHE B KOS %o L BEIZ OV TR TN 5.

PLEBES 51T, RFmSCTIE, KET 3 A FRMEHTI T DA & T /7 fE DS HIRRTE IS 52 5
WREZTERICRETTT 2 2 & T, i N TESCRGMEIOBIBIZ o7 N5 e m A zR L, ¥
Blkdt ot 2 52T 5. Zhb0m L, ERMESEICBN T, T% Lk, T 54 5L
ZANLIRL . Lo T, KR XOEH I (L) DFAEZ T BB H DL LD EEDD.
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Characterization of the Hydration Structures of Proteins through the Database Analysis
and Its Application to the Prediction of Protein Hydration Structure

Protein Data Bank
(PDB) X

PDB 22A 150 K
17984 480
11

N-H, (n=1-3) O-H C=

O E LEDHI LY | EHEFEIOWR
Il AT REZ oA - HE D OIS 2 T 5 70 7T D aBTE LTc, A7m 7T AITKY
TR S IR FoAiE, BEEAENEICAAE L, K107 1 b o Ol ZEHE 2K F A
Z—0, MAE—EHEESROEEFmOKIGE, FREREO N A A Em)fE S KRG
bz LSHERL TV, ZUHORSRIT, ZOKFE T v 7Z 23, B EEKAE &
BEEOWRE, ZEME, ¥ A7 AL OEEEERT DT2OICEHTH L Z & +mornT b
DT %,
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Characterization of the Hydration Structures of Proteins through the Database Analysis and Its Application
to the Prediction of Protein Hydration Structure
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MR Z “OBEERRaBE L EZELTWAS. EHIT, MUNEROF Y REHVIE, EEICEY &
U022 Ebafeled. Lizi-C 2BEOMN L7-F D 25 E CTE 2 REFHMEEZ 2
BRI EEFRL TV D.

HAETIE, MNFHOF VIR A2 ERT A0 EREETH D, WET 4 A7 LA O
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ARFHCTIE, AR OB REREIRRE G DR M/ NF OF 0 R FIEE ML LTz, £70, WRRRE
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2 I SITIO: ) B DIFA AT~ T 2455 Z LI Lz, ZHHOFFICESE . FM-AFM &
LU COHAMRER =T 2 E N TEZEEZ TN,
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Dynamic nuclear polarization of ?°Si nuclei using lithium related centers
in isotopically controlled silicon

Quantum computers (QC), if realized, can overwhelm the performance of conventional computers in a number of
calculational tasks. A hydrogenic donor in silicon is one of the most promising candidates as a fundamental
building block of QC referred to as a quantum hit (qubit) towards realization of future solid-state QC. Application
of donors as qubits requires in-depth understanding of their structural, electronic, and magnetic properties.
Moreover, control of their interactions with nuclear spinsin silicon matrix is needed.

The present thesis reports investigations of magnetic properties of lithium (Li) hydrogenic donor related centersin
silicon by electron paramagnetic resonance (EPR) spectroscopy and dynamic nuclear polarization (DNP) of host
23 using lithium related centers in isotopically controlled silicon. Lithium is the only non-substitutional
hydrogenic donor in silicon that forms a complex pair with an oxygen atom very easily. Thanks to its low
ionization energy and inverted ground state energy levels, long electronic spin decoherence time (T2) and short
electron relaxation time (T1) that are favorable for construction of QC are expected.

The present thesis is composed of six chapters. Chapter 1 is an introduction and 2 provides a literature survey on
lithium related centersin silicon. Chapter 3 provides basic principles of magnetic resonance. Chapter 4 discusses
EPR of lithium related center in silicon. Significant narrowing of the isolated Li EPR and additional hyperfine
structures of lithium-oxygen (Li-O) centers were observed in isotopically enriched %S single crystals.
Unexpected splitting was found reflecting the principal axis of the formally assigned trigonal g-tensor being 3°
tilted from <111> crystal axis, i.e., the g-tensor of the Li-O center actually has a monoclinic symmetry.
Furthermore splitting of "Li hyperfine lines into four components was observed at temperatures 3.5 K. These

findings provided accurate knowledge of EPR frequencies of Li related centers that are needed for high fidelity
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operation of Li quantum bits in silicon. Chapter 5 reports dynamic nuclear polarization (DNP) of *Si nuclear
spins induced by saturation of EPR transitions of lithium-related centers. Both isolated Li and Li-O complex
centers showed strong EPR absorption lines in the temperature range 3.4-10 K and led to very efficient orientation
of %Si nuclear spins. The temperature dependence and time constant of °Si DNP are investigated in detail. The
%S DNP of 0.72 % was achieved at 3.4 K by excitation of the Li-O forbidden EPR transition under illumination,
corresponding to a ~352 fold increase with respect to the thermal equilibrium polarization. Possible strategies are
discussed to obtain >5% 2°Si DNP that is needed for realization of quantum computing. Chapter 6 provides

conclusions and outlook.
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To satisfy the requirements for high stiffness and lightweight vehicle bodies, it is necessary to
imagine the figure of the entire structure from the viewpoint of load transfer and load paths. The
parameters U* and U** have been introduced based on the internal stiffness and the internal
compliance to express the load transfer.

In the present study, the load transfer and load paths in motor vehicle compartments are studied
using indexes U* and U** at the initial stage of a collision. After obtaining the deformed body by a
dynamic crash simulation, indexes U* and U** for the extracted deformed body are calculated
statically. Since the main part of the compartment retains its linear elasticity to ensure the safety of
the occupants, the author points out that linear U* and U** analyses can be applied during the
initial crash stage, and develops a dynamic-static method.

For the study of a truck compartment, the author originally introduces a substitution modulus
method to reproduce the material and geometrical nonlinearities. The index "m2-4msU**" is
proposed as a sandard condition for the truck cab. The distribution of U* is compared with that of
U** and the characteristic difference between these indexes is revealed. It is shown that the main
member of this cab transfers the loading effectively, and the corners of a member play an important
role in the load transfer.

In the study of a passenger car compartment, a separation structure method is newly developed.
The front end and suspension parts are not atered from the actual body, but the material of the
compartment is assumed to have simple elastic property. The calculated U** distribution shows that
the floor member plays a paramount role in the transfer of the impact loading and the shearing force
in the floor panel distributes the loading to body sides. These results show the effectiveness of the
new methods that use U* and U** in vehicle crash analysis.

In Chapter 1, the research background and the objective of the present study are introduced.

Chapter 2 of this thesis contains a review of conventional load path theories covering internal
stiffness, indexes U* and U**, load paths, and histograms of U* sum and U** sum.

In Chapter 3, a dynamic-static method and substitution method are introduced and interpreted for
the analysis of truck cabs. Nonlinear properties can be expressed by introducing the substitution
modulus method. A separation structure method for a passenger compartment body is demonstrated.
Using these methods, U* and U** analyses can be applied smoothly to crash problems.

In Chapter 4, the calculation models for a truck and a passenger car are described. Boundary
conditions are also shown.

Chapter 5 focuses on the verification of the above approximate method in actual truck and
passenger car models.

In Chapter 6, the results of U** analyses for truck cab structures are shown. It is shown
numerically that the floor member and the floor panel play important roles.

In Chapter 7, from the comparison of U* and U**, the author shows that U*analysis is adequate
for flat barrier impacts, and U** analysis is effective for deformable barrier tests.

In Chapter 8, the histograms of U*sum are discussed to examine the entire truck cab together
with each path. The histogram of the main member has a sharp peak that shows a highly efficient
load transfer.

In Chapter 9, the histogram of U** sum are discussed to examine the passenger car compartment.

Chapter 10 summarizes the research findings and concludes the present study.
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lonic liquids are expected as the alternative electrolytes for eectrodeposition of various metals. However, the
mechanism of electrodeposition in ionic liquids has not been studied in depth. In this thesis, eectrochemical
deposition of nickel and iron was investigated in a hydrophobic ionic liquid, 1-butyl-1-methylpyrrolidinium
bis(trifluoromethylsulfonyl)amide (BMPTFSA) containing Ni(TFSA), or Fe(TFSA)..

Chapter 1 gave some backgrounds about electrodepasition, ionic liquid and the electrochemical deposition of
metals from ionic liquid.

In Chapter 2, electrochemical reaction of Ni(ll)/Ni was investigated in BMPTFSA. The Ni(Il) complexes,
presumably existing as [Ni(TFSA)z] can be reduced to metallic Ni. The diffusion coefficient of Ni(ll) became
larger with elevating temperature. The average activation energy for diffusion was close to that for viscosity,
indicating the diffusion of Ni(ll) is mainly determined by the viscosity of the ionic liquid. Chronoamperometric
measurements showed that the electrodeposition of Ni on Pt involved three-dimensional instantaneous nucl eation
under diffusion contral. It was found that the morphology of the deposits were related to the temperature, the
applied potential, the concentration of Ni(Il) in the e ectrolyte and the type of cations.

Chapter 3 presented the effects of additives on electrodeposition of Ni in BMPTFSA. Addition of acetonitrile or
acetone led to the changes in the coordination environment, the shift of the reduction potential to more positive
side and an increase in the diffusion coefficient of Ni(Il). The nucleation/growth process of Ni was not affected by
addition of acetonitrile or acetone. Addition of thiourea, coumarin or saccharin did not change the coordination
environment of Ni(ll) but change the nucleation/growth process of Ni. The overpotentials for Ni deposition with
these three additives were dlightly larger than that without the additives. The morphology of the Ni deposits was
affected by the presence of any additive. These results suggested both coordination environment of Ni(ll) and
adsorption of the additives are important for controlling the morphology of electrodepaositionsin theionic liquids.

In Chapter 4, the Fe(Il) in BMPTFSA, considered to be existed as [Fe(TFSA)3]", can be reduced to crystalline
Fe. Addition of acetonitrile changed the coordination environment and the cathodic current density but did not
change the nucleation/growth process, which was three-dimensional progressive nucleation under diffusion
control. The crystalline Ni-Fe alloy can be obtained. The composition of the Ni-Fe alloy was dependent on the
deposition potential and the molar ratio of Ni(l1) to Fe(ll) in the electrolyte.

In Chapter 5, the metal nanoparticles (about 3 nm) were obtained by electrochemical reduction of Ni(Il) or
Fe(ll) in BMPTFSA. The size of Ni nanoparticles was reduced after addition of acetonitrile into electrolyte.

The results revealed that the BMPTFSA ionic liquid can be a promising el ectrolyte for the electrodeposition
of not only Ni and Fe alloys but other metals. The quality of the deposits can also be improved by addition of

some additivein theionic liquids, as known in the agueous sol utions.
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Theoretical study on the f - f transition intensities of lanthanide trihalide systems
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Development of Brain-Computer Interface Based on Sensorimotor Function in Humans
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Damage Assessment of Shear Structures Based on Autoregressive Models and Substructure Approach

This thesis is devoted to improve the damage assessment measures that have been studied by many
researchers and to propose an effective damage detection scheme with as fewer sensors as possible,

especially for the large scale structures.

Firstly, the improvements on the damage assessment method based on autoregressive models are
proposed. To improve the noise immunity of this method, the distance measure of low-order AR models
is used as a damage indicator since its advantages in computational efficiency, emphasis of high-energy
frequency range, and less sensitivity to spectral peaks caused by noise. In addition, adaptive component
weighting is introduced to relieve the noise effect further. Moreover, a method to choose the optimum AR
order for distance measures is proposed to solve the problem that the order of the AR models and the
order determined by Akaike information criterion or Bayesian Information Criteria is not the optimum AR
order for the distance measure. The effect of varying the data length, number of parameters, and other
factors are also carefully studied.

Secondly, a substructure approach to local damage detection is proposed. Every substructure is
confined to one DOF, which can satisfy the identifiability of substructure easily. By cutting substructure
with overlaps, ARMAX models can be directly used to determine the modal information and detect the
damage. Substructure approach is to divide a complete structure into several substructures in order to
significantly reduce the number of unknown parameters for each substructure so that damage detection
processes can be independently conducted on each substructure. This method doesn’t need the
vibration measurements at all degrees of freedom.

Moreover, the identifiability of substructures for civil engineering structures is investigated, and a
structure division method is proposed to make the substructure identifiable when it is not strongly
system identifiable (SSI). To clarify the identifiability of the substructures, the substructures are classified
into three types. The structure is divided using the proposed structure division method, and then the
support vector machine (SVM) is applied for each substructure to detect the local damages.

Finally, the conclusion is given. The damage assessment based on autoregressive models and
substructure approach is proposed, and it can detect and localize the damage accurately. The use of the
substructure approach makes this method work efficiently in identification of large scale structures, and
moreover the damage detection processes can be independently conducted on each substructure.
Thus, it is also suitable for use in a parallel and distributed damage detection system.

- 88 -




MLEREDES

WA 453481 & K 4 Xing, Zhenhua
AROSCERAHNY . 1A BE ME R BN HIR Ph. D. =l ®

ElESS Ji% S NS C Tt Kk R

BEMEFR BN T UEH IR Ph. D. ZANC T

BEMEERRR A RTRR AT 8 (T57) i e

&+ (T.5) Xing Zhenhua # D18+ 57 55 K iw SCIL. [Damage Assessment of Shear Structures Based
on Autoregressive Models and Substructure Approach (AR E7 VI L O 7 A N T 7 Fxikic L b8 A
Wi & OBEF) ) L, 6 EL VRIS,

KFw L, WEY OLBVEROZKNI 00D HE~VAE=2 Y 7| 3B OME T, "EE
RO D7t 2o T, BEDOIEL LOEORELRNT 5 FEEZREL TWD, FFITE
AETHEEMIZFE B LT L L E CORBEMRIE b TRESIZ, 02 oiIciT ) FIEERE L
bDTHD, K LOWRKITLEL T D@D Th D,

F1ETIEL, AKmXoOBFE e BRI W TIRNTW D,

F2ETIX BARERET VDS 7 A T AERER I ES SHEEFHETFIEDO T T A IRBOIE
FEEREL TV D, stEEZ SO, B RLFX OB ZEFH L. /A XITER T 25 A
7 Ve —7 OEBER SE 5 AR REERIRT 57200 5 TH 5, AR IRIKIR
NI, B, RHERERLE, X JEFREHRER EPHNLN D08, A CILIEM 2B LR
MWTERNWZ & 2R L, BWERRBOF 2R ETELREL TV D,

FI3E T, RATREEZRET 27200V 7 A N7 7 F v iBCESBERMTIENER IR
TWb, Y7 AT 7 F iR X2 EERNZINE TICHZHIREIN TV DD, AFETTT
A2 T 7 F v DEREZONEO R OIEEFROZ TR TE D RUICBWT, BHRRFETH
%, HETIX2 o0 Y OH, FRHM T3 SO SO THERMETREL T, YT AT
7 T iEEDOIMUOREED DEHIILTE L LW, WHILEERNRETH Y, U TV X A LALEE
23 L7 FETH 5,

FARETIL, INETREINLY T A NI 7 F B I 2BERMTIRZEALEEREN TS
22030 e RERTREYEIC DWW T OERR 21T > T D, 7 A T 7 F Y HEICOWTOREITIL, 7%
O OrEEE OMAEERZBET DHLERHY, ANV—T AT LERDZ LR LT BT, FEA
REVEIZ DWW T DORMFZAPRITR LT,

FH5ETIX, YT A NI 7 FriEE T 2MERSOBBRENEGWIEEIZ, YAR— T L
~Tr (SYM) ZEHT 52T, 3T A NI F YN CORGIIELFFET 2 FIELZRE L,
R FEOMEHHEIPEZ KBRS TW 5,

6 HIL, AR EifE L, fPRoBEE R LT,

Db, B30, ARSCTIRESNTE-TIEC XL - T EMOZEHEDOT- O, HIBME & T D
BEZZ DO THRWE IR > CTEMICHREIT 5 Z L 2 RRICT 2 H DT, RFFEORMRITT
FEHFET D EZANDRIR, o, MROICRKEMEEY 72 £ O AFEE LI X TR D & 5
720, 2L REZEMAHIFSNS, Lo T, K LoOFEFIIM (TR DOR 22T 5HE
BRHDHHLDEEDD,

- 89 -




L %3482 5 K 4 Ak

T CE B
SREGIE T REEE A I BT 5
A UIRVE LT AP URVE U TFHREA Y TIZE T AR

OO A U AEEEO B BHE AT CRIAT 25 2 & Tieko= L7 hr=7 A%z 5
HHSEEDORBZ BIET A hu =/ AT, AV UAEHEOINTHD AL U DR -
RHNZOBEL 705, FRHT, BIRAEDRWIA B Ui 4E RIS 2 LN AREICZehuE, —xr
X —Huf OO T 7o\ MEAEHRIRESORES 2 FO Z2 W B CIRBEDHIE 7 EINEB TE 5. Z ofll
A ARERHET A T 27 ANHARSELHRTHH AL LR B 71, flA B RO
HRTEE LT, A « BRI 62 < OIEHZEDTND. AV VRO E 7 ORE
I3 LABEE T O TO Mvy & L TOAEREOZITEL THY, ThaEHRT57ELT,
SRR R ARSI T B~ A 7 mhERAE IR L < MBI Tn .

AT, BRI G EIERESE 2B L, TN DDA VIR B TR A AR —E
TEBBISR CHAWA L L R— R A B L CHETHZ LT, AR BV 7 RbNCAE S
R TIHEMA B AR Z BEE L7-.

1

AFHSUILA T O 5 FIC L Rk &S 5.

B1ETE, ARCOEEROENZRN, & HICAE FRICET 2 Pk 52 7=

H2 BT, dBEMERSIER OE A B EE L WA Y VR v T ORIEE, 72 HONTAR
|
I

=

W 30T 5 5 b BEEZNHIEIFFLCH D A B ih— /L R OM AR 2~ 7=
F3ECH, MR RS RERAES BE BT 5 A LR B L S A B D
HROBRNCONTIAT, HRIBORBERIRIT A E AR/ NSV AU 2L, AL AL
FES D~ A 7 SRR IIET D Z L2k, Au ZEET DBOAE R e T
A L AOHRD B AR L 7=

54 T, TEREMEERIA YaFesOwn(Y IG) HlHE PUEATRICISIT 2 A B Rk v 7T 2l
{51 F 27 ADFBRRAT=. ~A 7 mEE L LT m— Ay REIRE Ky hT—2 7
TAY—EfH G D 2 LT, BEIRERIADO LR DA B AR e 7 O b AH
E L. ZOFBEEHNTA LR B S REOIEERAAEATIE L, 2 ORI
1To7.

#5 FHTIL, AL Ot BT

PLEIZEY, &REABCBIT AR A T I 7 AL A AREIRET A EASH Z LT
7o KU LD EONTZHAENAY Y ba =g AT 2A0&EHE 52 57200108 86
T, A LAROIEE PO IR E 7B 2 B3 2 LR S NS,

-90-




MLEREDES

WA 53482 = K 4 I Bk

WMOCHEAMENE . EA BERRRTERR Ph. D. (A /A
Al BESBRRTER T+ ik Tk
Al BESBRRTER it (5 W% IEE
A HFAERFPEEM R STERR it (T%) i Bh

1t (#H%), B (%) $HE—&E OBAGERGA T BRI REE S IR T 5 A

EURUE TR AE MICEET A% L, 25 ELVHEKIN TS

B OFFOAY U AEEN RO H BEZHEBICFHIAT s Z LTk L7 he=s7 2%
Bz DERERED B A HIE T AE Y b r =7 A TlE, AV UAEFEOHNTHD [ A U]
ZRNRANTAERR LT 2 FIEEOMNINEFE L 7o T D, FiZ, BRiZ2 LRV A v
ZHEICERD Z ERFTRRIZ R AUTE, =R X — B2 6D T 72 ME IR & VR
RN L ®%@ﬁ&ﬂ%ﬁféé ZORMAE R ERACT A T I AeE U TAENKT DAY
VRVE LT, MRS TS OmE N DIER ZEDO TS, A URVE T ORE
1T L IREE O TO M s & L TOMEBEOZITEL THY, TNE BT 5 FED
—D2 L LT, MM EBEEA BRI D~ A 7 B S S TR R S .

Z ZCARFRSUCB W CHEER T, MEBEI R EEEEEZFR L, ~ A 7 oI
LA URAE T B ALY R —BIREBBR TCH LW AL U R— A R 2@ CCRIEL,
AEVRUE TRV AE R BV TiHEA Y i OBMEMIICE D LA TN D,

1 ETIIARLOE R L AR REN TS, 2 ETHE, WALV E—LEROY
BARIR AR U7 B C, BBHERE R DWW A B R — R VAR ey 7 ofl
EEDNRINTWS, Fie, BBHC T~ A 7 a i EBMGOREZEETHZ LD, X
v AR — VBN EMOGEEN S B T T 2 EBRTIEEA MY LTS, 3 ETI,
NI81Fe19/3|352A e RIS R 3 B ESEICRBITAA Y VARV U ITHERA Y UIROIED #

BTV D. FEEMESETEEIZIZAE  ZEMSEIC< WD Au 2V, Au 8 OEE %
Wmé@fLXE/T—wt EIDO~A 7 alwEERFEEZRIEL TS, AuBOE SIZK
FTODAE R E Y THEAE OB EREZBIIL, TORRZWHAIELZ L T
%, ABETITEAWBATED A UR B ZHIE R & IRBEIEA R YFesOn(Y 1G)/ &
Pt EAIEE VY, AV R B JHEE ORISR E R EE T ZE L T D, 22T

BB OBEKE L BICAE VRV B TEMETTHIELRAB LTS, Z08ig%%s
AV IR Y TG E R OER) XA A S DY CET /LT D Z L R ERR 7 iR
REGTWD., FBEETIHE, Mwmst o Tng.

L EBET 52, HEFIIEBEABICBIT 2L A F I 7 AL A U RE LR, AL
WAy TBGOFEMAE M LT, AW L 015D, A B i DRk D2
fiREGAL L, fFRkOAY Y hr=7 AR THFHIEHZ 525 Z LRI LS.

EoT, KX OFEHIIHML(LR)OP 22T ERPHL LD ERD 5.

-91-




L 253483 % K 4 NS

T SCE A

~A 7 ulEREEFIA LT3R ICA 720 A RERR - EBR T T v 7 +— LA DR%

AIIESEIREBIC L > THE, EIAT7xuA R, A7z FEEEREZELIES. R,
S RITCHNHIRE 2N EEE LA E R RE VWA 7 2 ua A FIZEWEREEZ AT 5. 20X 7k
A7 zvuA REFEROHNT 52 L1280, invivo DX 9IRS 2> invitro D X 91 Zfili5 THEEDEL
FERT T N7 A —LEREEETE D, ZOLHRTT v N7 — ATIEAE TR B BRGSO R, fHR%
TERRIC B2 Hs i ROk & &5 Z LR S NS,

A7z R - EBRT T v N7 4 —A01%, A7 =vA R A XA, A7 v A FlREICHd
LR ZEM DOFMRNME, T LAk,  instu O 4 SO A SR B, b gk
a0 L LT, K#RXlE, v~/ 27 aF ¥ o A NTEBFREARL, FOWKITF v
DNl ZERE S, SIRIEA 7 =0 A REBRT DT /3 A&, #ERY AT LEilAhtbdiz 3k
AT = A RN -FERT 7 v N7+ —L20OBEEMNE LD THL. KT HA 7z A R
DY A R, EREERNOMBERE L F v o RICK TS, £, Fy o a7 L A1{bd
HZ ETAZ zuaAf ROBEFERRLABETH D, F v v bkt E L TAEREAM, BRERERME,
BRAEOFERWE ENDERY AT AL aFT U EHG, DOFERY AT A ERAEDEDH I LT, K
7Ty N7 —DEE VIR, RERSHMEEZAG L, EMORT7 oA FEEER P instu TOFHIN
ARETHD. MIRICL Y AT 2 a A REEET D20, BRI LD A7 2o (4 RoVA YLK
LRIGARETH H. AL, LED X 97, S ATZ7zuaAf NER - BBRT T v b7+ — L%,
EE, WL, A7z oA FEEEHIERZE LT, TOAMMMEEZRIELT-HDOTHS.

FBIREIFRTHD. A7=0A N FEZBRT Ty b7+ —AIZB L TR L, AFZEDERR &
iR REEE F LT,

F2EITIERTHY, v A 7 a il COWM, iz & ONTIFEEeE, BEE ClIcREI N T
HATZzuaA KT A AL TE & DT,

HIEICBWT, FrY o NHNREDO Y I 2 L— gt FZRICHESWEF v oo, T LA K217
ST, Fx U NNTHERNGZ L Z 3584 % 2%k, 3IRICET /L TRFL, EDICEAL—T > Mb
B AN T LA OFEEIToT-.

WABETIE, FronN, ToAORYWEL RV AT AOWREEIToT=., F v, 7T LA ORYEIR
T NV YT T T o HiliEROCT T 70, RiSCTIRET DR AT L%, e LTRY 2%
R, R TN ERATHAHENRNEZINZ D Z L _3F v STl Uil 2 2Bl £ 72 13 R =4
HYaboBF xR, TANETNRAL A, T4 hb—2arh g ZAnBRERENS. (ERDJE
WY AT LR, B a0 2 FHOTRIK Z TEE I EMIFER S T2 2L O TEX 541D T
VAT ATHY, 1AL EOE R ZRRER 2 REIC L=,

EHETITEWE LT v o, T LA LIRS AT L& W AFEMD 2 7 =10 4 RERERD
FERAERRZ. BB LT Ty 74— H5HWT3RILAZ7 = A REFEMKT DI LI T 5 &
EHIT, HERBHANOMIRE L F v o NERICEV AT za A, Ry A XZHl#325 2 SITksh L
77 EBIT, BLIEA 7z RE3 AR L-L 24, EMETHLY /e —LP 450
BN EHLTWAZ LA insitu TEHIL, 27 =v A FOFFERENTEMEL L TWD Z & 2 502
L7z, PLEDD, KL TIRE LIEVAT LANA Tz, REK - EBRT T v 74 —LE L THER
ThrI xR

FOoREIAMLOMERTHD. FETHONIZMAERIEL, SBOBEZR .

-02-




MLEREDES

W HI 553483 & K 4 KH #E
AmCEAMENE . A BE S SO AR A Wt (T5) =& AW
Il BEMESS N A% Ph. D. HT —K

BEMESS N A% T fit] 5 ARB

BEESSBNAUEB R it (T EiE

B (s LIPS = 653 T A Hz

Fh (L5, &L (1% KEHBERRHOPAGRm UL [~ 7 vliEEiz2 A Lz 3Kk
AT = A R - ZR7T 7 v b7+ —20F%) L, 6 ELOHERINTND,

AR Lo CHE, EI AT z0A N, A7z A REBEERELZEIL ST D, FFIT,
3R ITTHICHIBE N EEE LB IE RN B WA 7 = o A RiZ@EWEREEZA T2, 20X 9 ZemE kb
A7 xzuaA REMHAT 252 LT, invivoRIZIEL S THIMEOE W invitro A2 HEZE T IE
fife TN R 72 A ZEGBR O AR R . MR I BE - 2 SEpE R0 OSBRI K & <& 5 2 L 3 HIFE
ENTWD, TDD, HEOAT = A ReVA X LN LERTE, o Enz2>
=84 RZinstuTEHHIFIEER A 7 = A REA-FER T 7 v b7 4 — L OFELRD LTS,

KL, v A 7 v Fx U ANNICHITE & BRI E BN L~ A 7 v gl 34 Uiz £ S ¢
HATZ zaA FIBRT A 2L BHEEB X Winstu 5l 2 FTRE & T 2R AT 22 lBaEh
AT zv A NER - EZRT T v N7+ —2%5%G, BEL, FlilRA 7 o1 NOEKE LT
P EER 2B L CEORIMEEZ R LI DO TH D,

W1EIIFRTHY . RO ERLNCA T 2 R - EBRT T v b7 4 — L ORI
L, KX OBRZBRRD EE B, FRERLRNCEREHALNZLTND,

H2E T, A7 za A Kb NI~ A 7 aiftihT A ZCBT 2 R, Bl O
7 xuA RERICET 2 ERMEZ R LTV 5,

W3 E T, R A AW THIEZERET AR T 20 A RERT AL AD a7 MIOWTEE
R, v 7 0F ¥ o NNTERENSERGO Y I 2 b—3 3 0, REICTF v A 3I~OHIE
K OBERIE OB DL TR KOFMAITV, A7 =14 NEl~A 7 nF v o N\OEHB LD
Fx o ROT LALD T2 DL E1T > T\ 5,

WABETIE, VI NI VT T T 40— %AW AT 20, RIERT A ZAORUWEF 7 5N,
W AT DOBEFREFIZOWTHER LTV D, RERSCPERT DR T AT M, Mlila & 85&im
5705 O EEE IR T 282V AT A TH D,

BEETIH, BIELIZAT7 =a A FIBRT A AL #EE LUTHERT A A efllAabEizA7
zuA REW s EBRT Ty N7+ —2%, TTHAA T =04 RO, Bl234 8 U FEBRANIZEHIE L
TWo, 7, A 7 e JERERGIC LY RIS ER L, 3T A 7 xu A REERTED 2
EERLTWD, RIZ, v A 7 whi gyt 2 v~ A 7 afgBliz2 i n4 25 & & iz, A
THEBRNOMBREL L, ~(M 7 aF v o A"V X228 D 2 LT, fFFilgA7 =a A
RDH A X% B 130~430 pm OHIFHIZ IV THEE 17.2% THIEICE 2 Z L 2B 6L TV 5,
IBIT, M7 aF ¥ A\ TrAUIZ LD WEOHFHEA 7 = v A RORFER, = HMEOE:#E
Z U CFMIER 7 = a A ROAEFRHRI, A R4, ffmRIGEEFHnT 5 2 & T, 8 R8 L1-
A7 xzvaA KR - EBRT Ty b7+ —L0FMEERLTWND,

FHOEIIARLOERCTHY, FETELNTMAEZRIEL, SBDORELZIRITND,

PLEES B0, Kimlid~A 7 gl zf A L3R A 7= REK - FERT T v b7
— L EFHFICERR L, PR 7 = a4 ROERB L OGTHIERZB U CEOFIMEEZ R LIZHO
THY., TORRIL. W, EF ~Af 70 - F ) TESHICBWCTIHE, T¥ S5 5L 2
AN, Lo T, KX OFEEFE L (T5) OFMNEZ T EERNHL LD LD D,

-03-




Thesis Abstract

Registration
“KOU” No0.3484 Name ZHANG, Yuhua
Number

Thesis Title
Development of a Biomimetic Tactile Sensor with Epidermal Ridges for Sensitivity Enhancement

This dissertation presents the fundamental knowledge in developing a tactile sensor by
mimicking the epidermal ridges structure of human, capable of precise force detection and
sensitivity enhancement. This study discussed the tactile perception of human and, in particular, it
focused on the features of epidermal ridges and Meissner corpuscles of human fingertip skin. The
study developed a micro-scale tactile sensor mainly comprising of elastic materials with a
ridge-structure surface and an array of strain gauges below the edges of ridges. With the proposed
tactile sensor, the sensitivity enhancement was investigated in force detection and deduced the
optimal structure of the artificial epidermal ridges theoretically and experimentally. By conducting
series of finite element method (FEM) simulations and experiments, this study confirmed that the
ridge structure has an effect on either static or kinesthetic tactile sensing of the proposed sensor.
Mimicking the features of epidermal ridge by the elastic material — polydimethyl siloxane, the
width of which is 400 um, the ridge with height of 160 um is optimal for shear force detection but
to experience less pressure for a stable output, while the ridge with height of 110 um is optimal for
normal force detection.

Chapter 1 describes the motivation, original contributions and outlines of this study.

Chapter 2 describes the background knowledge including functions of human tactile
perception, mechanoreceptors, and the state of the art in tactile sensors. Also our previous work on
a macro-scale texture sensor, which was inspired by human finger, for texture and lump detection is
discussed to show the benefits of the biomimetic texture sensor with epidermal ridges.

Chapter 3 describes the design concept. Materials are investigated to benefit tactile sensing
applications. Microfabrication processes are discussed to manufacture the elastic material and the
strain gauges. The practicable design of the tactile sensor is determined.

Chapter 4 confirms the design of the tactile sensor in detail based on theoretical calculation and
FEM analysis to obtain an optimal ridge structure by conducting the simulation on normal force and
shear force detection. When the ridge width is 400 um, which is a typical width of the ridges of
human fingers, the ridge height of 160 um is optimal for shear force detection but to experience less
pressure for a stable output, while the ridge height of 110 um is optimal for normal force detection.

Chapter 5 describes the evaluating experiments and analyses of the results. The experimental

setup and results including normal force and shear force detection are discussed.
Chapter 6 summarizes this study and discusses future research prospects.
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Data Rate Adaptation and Cooperative Diversity for Future Wireless Communications

The future wireless communication systems are anticipated to be able to fulfill requirements
of higher data rate, larger coverage, low power consumption, generic architecture, high scalability
and re-configurability. This dissertation mainly focuses on three issues related to the mentioned

requirements: rate adaptation, coverage extension and low power consumption.

As wireless communication has been integral part in our daily lives, a multitude of mobile
applications, multimedia, data access and sharing, streaming video and many other services have
been emerging day by day. As a result, demands for higher data rate, larger capacity and broader
radio coverage to deliver mobile services to as large area as possible have been constantly
increasing. To meet those demands, inevitable challenging task is to cope with wireless mobile
channel. In particular, propagation channels in most metropolitan areas such as city centers where
there are densely scattering large obstacles are dynamic in nature and do not have line of sight paths
between local base stations and end users. Thus, means to adapt with dynamic behavior of
channels, mitigate propagation loss and shadowed fading effect, and reduce dynamic range of
received signal power at end users are essential.

Key solutions to cope with wireless mobile channels are: controlling transmission rate with
channel; compensating pathloss by using power control and signal repeaters (relays); diversity
techniques to mitigate fast fluctuation of channel; avoiding shadowed channel path by providing
diverse paths. Transmission rate can be controlled by means of adaptive modulation and coding
(AMC) to adapt with instantaneous channel condition. Multihop cooperative relays can mitigate
pathloss as well as shadowing while reducing dynamic range of channel fluctuation given the relays
are able to cooperate with each other to exploit spatial diversity. Automatic repeat request (ARQ)
can add reliability to the rate adapted relay cooperated links.

With regard to data rate adaptation and link reliability, this study investigated control delays
in AMC and HARQ in asymmetric time division duplex (TDD). Owing to variation in wireless
mobile channels, AMC may select inappropriate modulation and coding scheme (MCS) a some
instants.  Such erroneous selection results in packet errors. The analysis in this study formulates a
theoretical expression to calculate erroneous MCS selection probability for different TDD time slot
alocations. Next, throughput degradation and corresponding delay in HARQ are evaluated in
relation with the calculated probability. Regarding the issues related to coverage extension and
diversity gain, this study focuses on a relay selection based cooperation strategy called selective
cooperative ARQ. A novel cooperative ARQ protocol is proposed for multihop relay system to
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enhance selection diversity in retransmission process of ARQ.

Specifically, the topics in this dissertation are contributed by the following two main research
studies.

o Evaluation of asymmetric TDD systems with AMC and HARQ
o Cooperative relay communication: cooperative ARQ protocols for multihop relay
systems

Chapter 1 gives a general introduction of the thesis. Firstly, recent remarkable evolution of
wireless communications and major requirements for future systems are discussed. A
comprehensive description of wireless mobile channel is also described. Moreover, highlighting the
key technologies for future systems, motivation of the study is laid out. Finally, overviews and
scopes of each chapter are summarized, followed by position and contributions of the studies.

Chapter 2 introduces fundamentals of the key technologies used in the topics in this
dissertation. Firstly, it describes data rate adaptation using multilevel modulations and variable
coding. Secondly, it gives the principle of multicarrier transmission for future wireless systems in
downlink. Thirdly, a brief description on asymmetric TDD system is introduced. Finally, relay
cooperation strategies and topologies are discussed highlighting achievable diversity order and
bandwidth efficiencies,

Chapter 3 evaluates asymmetric TDD systems by taking control delays in AMC and HARQ
into account. Flexibility in assigning different bandwidth in TDD systems enables flexible traffic
control in uplink and downlink according to the demands. AMC further enhances instantaneous rate
adaption for each user on the assigned traffic volume or bandwidth. However, in asymmetric TDD
systems with a significant larger traffic in downlink than that in uplink, performance of AMC may
degrade owing to erroneous selection of modulation and channel coding rate as a result of channel
fluctuation during downlink slots. To investigate this, MCS selection error probability in
asymmetric TDD systems is evaluated by both theoretical calculation and computer simulations.
Based on computed selection error probability, the corresponding performance degradation in terms
of throughput and average delay to successfully receive packet is evaluated.

In Chapter 4, a novel selective cooperative ARQ scheme is proposed for a multihop relay
system. The proposed relay system employs a distributed relay selection scheme that enables
cooperating relays to independently decide whether to transmit or not based on their channel
conditions and self-error checking results. The proposed system can overcome influence of
source-relay channel and achieve higher diversity gain in subsequent transmissions. Theoretical
expressions for packet error rate performance of the proposed system are also derived. Performance
evaluations are carried out extensively by means of theoretical approach and simulations.

Finally, Chapter 5 draws overall conclusions for the main topics presented in this dissertation.
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