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As manufacturing cost in keeping up with the Moore's Law grows exponentially, the idea of
three-dimensional (3-D) integrated circuit (IC) technologies become promising solutions in facing the
ultimate physical challenges. In recent years, the ThruChip interface (TCI) becomes one of emerging
3-D stacking technologies. TCI is a wireless interface for stacking chips vertically. Due to its wireless
nature, TCI can integrate IC products with low fabrication cost in comparing to wiring solution while
offering good communication reliability and high data bandwidth. Although TCI has been researched in
diverse applications for years, the TCI design automation and influences of physical structures, such
as power mesh and dummy metal fill, have not been explored. Without this information, designers may
design TClI too conservatively and CAD engineers are unable to realize design automation. As a result,
in order to enrich TCI design methodologies, this thesis focuses on discussing TCI extensive design
automation and optimization topics in physical design guidelines, inductive coupling coil, and 3-D
FPGA system.

Chapter 1 introduces the background of challenges in modern semiconductor industry, the potential
solutions in wiring/wireless 3-D IC integration technology, the basic concept of TCI, and the scope of
this thesis.

Chapter 2 presents TCI physical design guideline experiments in exploring the dependence between
power consumption and D/Z ratio, power mesh impact, and dummy metal impact. The experiment
results show that keeping the TCI coil diameter (D) and communication distance (Z) ratio to three is the
optimal ratio and enlarging D/Z to six can further reduce total power by 20%. The eddy current on
power mesh can cause TCI to fail. Creating a minimum space chop on power mesh can effectively
recover TCI communication from eddy current impact with only additional 0.6% voltage drop. Dummy
metal fill structure has no impact on TCI.

Chapter 3 introduces an analytical TCI inductive coupling coil design optimization methodology. The
optimization results show that the proposed flow can improve mutual inductance value by 17% on
average in comparing to baseline cases in chapter 2 and save the design time from days to minutes.

Chapter 4 presents the novel TCI based 3-D field programmable gate array (FPGA) architecture
exploration framework. This chapter gives an overview of placement, routing, timing optimization, and
noise avoidance design flow in TCI based 3-D FPGA system and raises issues that the architecture
may encounter while adopting TCI. The experimental results show the proposed 3-D FPGA
architecture can reduce delay by 25% on average over 2-D FPGA. Although the performance of TCI
based 3-D FPGA architecture is 8% worse than through-silicon-via (TSV) based 3-D FPGA on
average, TCl based architecture can reduce active area consumed by vertical communication
channels by 42% on average and thus lead to better area and delay product.

Chapter 5 summarizes this thesis and revisits the objectives of this study. An overview of future work
is also given.
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Thesis Title
Failure Prediction of Membrane Electrode Assemblies
for Proton Exchange Membrane Fuel Cells

In Proton Exchange Membrane Fuel Cells (PEMFCs), the Membrane Electrode Assembly
(MEA) remains the limiting factor for both cost and durability. While the chemical and
thermal behavior of the MEA has been well studied, there is still a lack of data on the
mechanical behavior and failure mechanism of its components. The objective of this
dissertation is to develop the mechanical model to predict the failure of MEA. On top of that,
numerical models are developed to complement the experimental results.

Chapter 1 summarizes the background and previous studies.

Chapter 2 gives a detailed overview of the structure of a PEMFC stack, and of the state of
knowledge of the materials that compose it. The constraints faced by each component are
discussed, and the importance of focusing on the mechanical failure of the MEA is clarified.

In Chapter 3, the crack initiation inside the MEA is investigated. A numerical scheme is
proposed in order to corroborate experimental results. A failure criterion for determining the
failure from fatigue of the catalyst layer is introduced and shown to accurately predict the
onset of failure in the catalyst layer. Finally, using insights from the numerical model, the
mechanism of Nafion slippage is introduced as a possible explanation for the origin of cracks
in the catalyst layer.

In Chapter 4, the constitutive model of proton exchange membrane is discussed based on
the phenomenological analysis of molecular chain deformation. A least square optimization is
conducted in order to ensure the best possible fit of experimental stress-strain curve
throughout the entire range of strains. The resulting constitutive model is shown to be of
satisfying accuracy for the purpose of fracture modeling.

In Chapter 5, the fracture resistance of proton exchange membrane is investigated. The
results of a double-edge notch tensile (DENT) test are shown for different environmental
conditions, giving insights on the fracture resistance of the membrane. The essential work of
fracture is shown to be heavily dependent on both temperature and humidity, with temperature
being the dominant factor, as is further demonstrated by observing the fracture surfaces on a
scanning electron microscope.

In Chapter 6, a numerical model aimed at reproducing the result of the DENT test is
introduced. The model is shown to be able to accurately estimate the essential work of
fracture of proton exchange membrane. The analysis of the data allows to confirm the results
of the previous chapter, as well as to further clarify the mechanisms of fracture.

Chapter 7 summarizes the conclusion of this dissertation.




WLBEEDEE

WEEE 55 4349 = K 4 Vermot des Roches Thibaud

AMCEAMEYNE . A BERDBRTHESE  mE (T Ky ER

Rl oY NG =6 T RS

BB EE PhD. SR fS

BERRAEAR W (1% Em B

&+ (%) Vermot des Roches Thibaud 42 H D #A7 &G Kim I, [Failure Prediction of Membrane
Electrode Assemblies for Proton Exchange Membrane Fuel Cells (7' 1+ > 2 Ba AR EFEHLIZ 31T 5 A
I AR HANERREE AR OMIE TR FIEOME) | LEL, TEIOHERIN TV,

AR 77 FIZRE ML, FERA IR CEMET 5 2 & h, KFEH BRI EM & L CTERA
INTWD. 5%, RRE~DOE R 2B Z 156, BEFETM K2 2 MEpsiREE 7> TERY,
KRR, flliEfg & A A2 AW HRERL S D EEERE S 1A (Membrane Electrode Assembly, MEA)
O L, EHFMESREE 2> TnD. TNET, MEA T 2217 E L OESLFIIRE
M BE T 29013885 < 72 ST E TS, MERIRAESCIRLE - HIEIBIC OV CIRIT & A ERET S
LTV, 22T, KX OFEHX, MEA OFR5ERER X O R EBR 21TV, fitlftfE 2k
FHHEEA D =X LOI L WA TAT VT EZHALNILTWD. £ LT, HENRT A—X
BEAL, HEIC BT A XEAERHEY I 2 L— a Y CPHT A FEARE LTS, £,
MEA ZAERKT DA AV AT H AV — 7 2B S&EE 2, & ST D g 2 {252
TENKE LEEETHD. KB LOBFHIL, FHax OEE - JBE T TOMAIK X GIERER) S AEE
BREAEL, BT, BEY I 2 —va b A T U IR OMEE A TT 5 FIELZIRE LT
VS

W1EIIFRTHY, AFEOE R, MBEAR LOARIED BIICOW TR TN S,

B2 EmTIE, BERES FEREEMOREREMICOWTHA L, A2 T8 &5 MEA IZD
WTOREZ R TN 5.

% 33| TIE, MEA OISR L OYEHRBRICOWTIRRTWD. Z LT, EBRH S it
BIZBITAEEREI TAT IV TEZHELMNIIL TS, &I, BERTA—FZEAL, xZ5
B ITATIVTERENRTA—FTRTZET, FEVIz2b—a LB IcRIT 5 x4
HEEZTUT HFIEZHBEL WD,

HAETIE, A4 THRIEOBRRIZON TR TS, SFEOE R & BEHmIICT T L
B L7 RIc Wk, RN SELNIIGEH) — O T AR E —83 5 Xk 51, #llicd %
NADEELD/NT A —Z /N B LIV REL TV D,

E5ETIL, A AU AHIEIZ BT HREEIREEICHOW TR TV, WK & 4+ X 38k 05|98
RER 2TV, AERHUIC KT TEE - WEORELZI LN LTV 5D,

6 ETIE, A4 RHIEOMERBROEY S 2L —2 a3 v EfTo T 5. 4 BT
A A EANT D& T, FNTRERIIERERABELSHIL WD, E5IL, RETLMITET
NERWDZ LT, A3 RWBEOWIELZ TTHZ ENAEETHDHZEERLTNWD. Fiz, &
ARAETIE, SREI L AMETXVX — L OBRNIERIEIC 5 Z &2 H I/ L, ZDEK
IZDOWNWT, EREEITIBAL S D BMESIIR O Z b HE LT 5.

BT EIIARRLOMRTH Y, BONTRRERIEL, SHBOBREIZONTIRRTNS.

PLEEES A1, RS EAE S FIR B E M O T ERER A Th D MEA IC8I1T DSR4 &
BED 7 AT VT EREEL, B I 21— 3 k0, ZRENOES T3 % FikE
EHERELT-HLOTHD, T LOEIHEITIZSHICBWT, T%E, T¥EHE545L25
DL, Ko T, R OFEEFE L (T%) OFEZTIEENHDLILD LD D.




T H %5 4350 %5 K 4 ek Sl

Fim CEH
Energy-efficient Reliable Optical Metro/Access Integrated Network Using Virtualization
Technology
(e OB o — « @laiot A bo /77 v ZAReHxr y fU—7)

A TEHREEICRBT 57 a— RoXy R—E 2 IMAE OB, BGEEEDT 7 ) r— 3
COERNCK Y Ry MU= NIy 73N ERNT 0D, ZHUTHA, Ry BT — 7RO
FEVHE BT ISR 12% D THIIN L T, 2D 95 60~80%4% T 7 EAFR Yy NT—IH 5
DD EHFISNTND, T/ EAR Y NU—7 TiE, BEOIMAE Tz IAT5 2 LIk
il 71— K> K7 7 & A% 58145 Passive Optical Network (PON) 23— RSE 1%
LTCWA, AEEREOT A L7 ay MR—L e W TR —E R B EFONRT 7B A%
NU—2 TR AR BTN TR Y . BRI EZZRE LSO YA L 72 D,

i E kv WO T 7 ARy FU—27 Tk KEEAL K= 2 Mulainz TEE M -
BN « <~ LTFH—ERNEDINETH D, ZNHOERZFIRHERT D720, 778 A%
v NI —7 OBWEAEBIHEDO A haxy NU—7 OFFRE CIHET 5, A bu /77 AHEEHx
v T —2 OB THON TN D, ARy b U—7 TIIRREERE HT- 0 OINEINAE A NS
HZEZED, T vy OEKIREEDD & L BITERAA v T EOMEER AL, AES
kDR E a4, F7o. PIREEEZZHOMAE THEGT 52 Lick Y, K22 hColfifEsE
Mom ESIRE IS, Fox 0MELRT 5 Elastic Lambda Aggregation Network (FAAN) Tld, 4%
P— B R DN ERE AT 2 7 10 7 T~ T LR R AEEE-CIIA B REEE, 3 L OIS
B EIR A TR AT TRE/ DR v R =22k 0 =T — B RINEROFEBE R L T\ D,

AGRSCTIE. EAAN IZBWTH Y MU — 7 A 2T L. & B2 28 E 1R L OW(EH#E
PEATERR T D THEARERT 5, K — B AOWRIIHNE/MGER N T & v 7 OEENIIEL U T8
JAPEREN AR LB A ) — 7 2479 Z L2 L0 EIcki) A MEEHOHNEE £ 5, F
7o REWPREEORARFT 1 5O RAIESEDNE T DB RFRIFNCEI D 2 5 2 L2k,
DA THE U CTRARBROBEGEE 2R3 5,

s ST T O L DT S D, 85 1 B CIIBHEDIER Yy NU— 212861 Dz B L, K
O HA IS 5, 8 2 ECIEBhET 206y MU — 7 8l BEIMbB L OSEEFEIEOTF
Eamd, 8§ 3 ECIIAEINUCHOWTIRRET O, MAEEE OB V) —7 2 FHB T 572012,
KA — B RAOIRHU LI EGE R FAPEE C~ A 7L — 3 U D REAIRET D, £, Bl
5 SRR E S e N & 72 D RSRERCE 15 % SR 6 D A SR R L v =57 Uk 5, &
BRI 2 b—ya i iACk b, R — 7R RSB OB ) 16.7%, Fek 35.8%h) 375 =
EHT, B4 BETIERERUICOWTIRELITY, 7 uT 7Y a B IO IMAE ORI
GI0 BRZ DNATRE R R > N T —2 O TR E LT, oY = o R 2X2 WAL T2 v
TEHAAL T Fy NU—7 2ERT 5, SBIT, 1 BORMAREED HEE B2 55O NIAE A
LB 2T 585 AR 5, AEEHCIL, WERIEOHERIC L 2 BT 57290,
F Tt v v a— U TEOKRE R D T a X U AT D, Ta N A TV ART ARV
FHNZ LY, TeF A2k 5 UDP <7y MBI XOTCP AV—"7"y s OUGESIRZ T, i
BT, b BBV Gl ortinaib <5,




WXBEENDEER

WA H 25 4350 5 K 4 (G
AMOCEAMY A B BERIBRTH#R Tt Wi A
Rl BERARTHR Tt TR ik
BERIARTFH#R Tt KB Il

BEERARTH#R L (T5%) HE e

University of Virginia Ph.D. in Electrical Engineering Malathi Veeraraghavan

University of Texas at Dallas Ph.D. in Electrical Engineering Andrea Fumagalli

4 (L%), &+ (L% EEUHE R OS00E Kim X, [Energy-efficient Reliable Optical
Metro/Access Integrated Network Using Virtualization Technology (fiA8(b i & iV 728 =¥ — -
B EA bu /T AHAEA Ry hU—2) ] LEL, &5ENOHERIND.

Ta— RN R U E =y ha—HFHOHEMN, BLWAFREZLEETL5T7 7 r—2a o
WRIZEY, 2y hT—27 b T v 7 BIIENMO—RE27-E>T05., ZHUEWR Yy FU— 71
FROMEE RS EBFITIN LT TEBY, 2D 60~80%% 557 7 A%y hU— 7 fERDOIK
EWEREBINRABETHD. —J, BIEOXRT 72 %y hT—7 Tk 2 MEO 7= DIZH S
ETENRA NNy T R—LE VS T EEOY— ERAZINET HIEITHONTND., 2O L9 eFEER
P —ERADOIFIZHT=Y, EEHEEOHRPMLE L 70D,

KL T EFROBEREZFZHT D720, A bV 7Ry NU—T LT 78 AXy NU—7 D
B, BIOXy b= FBEEANICESEZ S TTWA. Fu s o< 70 RfEEEs X OFRER
ARER YRy N — 7 DEANIZ L VEE Y — R EZNET D TIRAT A I T TV —a v
F v hU—7 (EAMN) Z_—2R (2, RN Z21EH LE BB L OEEE 2 Ek T 55
BT TS, RiSUXLLF O X 5 ITHERR S 5.

FLEIFHRTHY, RO RBIOFEEZH LML, WmCOBMEEZFHL TV 5.

W2 ETIHBEEMLENTWDI T 7 ARy MU —7 ORI, XA bu /727 v 2HAE
Ry NU— 7 OREFERSE, BBt KOS EBEIOBEREM 28R L, Zi 6 I12xtd 2 A 05t
DOALE ST 2L L T 5.

5 3B LU 4 T EAR RN EICOWTRRTWS. HIETIZTEMNIZBITA h Tt
v 7 BENE U R AEE OBRIR R Y — 7 FEEZBEL WD, b T vy 7ER% L —E 2D
AL 57201, REEER T — 2O HE R EiEE ~ A L — 3 T 5Tk
ZEORLTCWD. B 2 RAREE OB/ E 72D X9 I BERERL E % SR W 2 [RE & S S
BICLVETFALL, BHEHS S 2L —2 g VIC KV EBENDNREZTMET S 2 212k - T, BEF
EOFIEEZRLTND., EBIZ, BT NAADNT A—=FEHWT~A T L— a3 UTPES BE
BTN DWW TRET 21TV, BB ROZL 2R L T D.

# 4TI, EAMNIZBWCEEILZER T 5720, BREIEE L KEEEDZN 07
—ANHHET D FEEREL TV D, BRETIE, BEMEE~OXRE LT, Yurrva itk
DEATAMEEZEBT ARy NU—27 bR UVEREL TS, 22 AL v TFEH WD Z LI X
0, VEOTRAL ATEMAEZIL ) —RT 4 AV a4 MR2RBERILARETCHH Z L EZRL T
W5, BR¥ETIE, a7 & ORBUBRBEF 2R E L7oBRIC, ZEDOIMAEZITHR L CTHRAKRD
Pt A e T 2 BE TR EREL TV A. 1 EORAEEE S EFE RO LIRAZ B2 550 Ak
BEENAET L2012, v NU—ZERERELE (NFV) HifoRHIcE Y e 24k L, T
by 7R e EORREA RIS 5 2 & T, AN OLE LICBEEEBT L. Su vy AT
VAT AERWEEEFRICE D ZAv—T7"y FOREEIT, KIERFRXOGIMEEZRL TV,

EBEEIERTHY, AFRICLVELNIZ/BREZREL TS,

UL EZEF 510, R SUHMRTEEE DD DmWIEEEZ 2 7267 7B A%y T — 7 Hiliofk
SEDT=OIS, RPEBBED~ A 7L — 3 VB O o EHE T, S ARy hU—
7 bR\ UREERE, KBWRIEERAROBEE ROV TR LTS, 2 b ORI,
FEROMHEA T TARNT I F & LTONRy VT —7 OfferI R 2 #2845 B¢, L% L%
B2 REVEFHESND.

koT, KHSToELHIIE L (T%) OFEZTLERBIHHBEDERDD.

_10_




WEES il 554351 & K 4 o B

T m CE H
Human Body Pose Estimation Framework for Team Sports Videos Integrated with Tracking-by-Detection
(Tracking-by-Detection (Tt & STz T — L AR —Y MG AT NILEHEE 7 L —L T —7)

AN oM 2 B & Lin, F-— b AR—"VBE )5 OBHEGERT OB AN STV 5, 3’
AR OB RFOMEFRITRBERNTHOEELRFERTHY Vo I —R EEFEOT 0 ZAR—Y D
LCHIEAEIN TS, ZOBEMLIRFIBNCMZ T, FE&FO L8 FTHBNICHEETX S X
INTRAUE, ATERRRRCTE RN 72 & X 0 @R OISR ~DO BB WIFF CE 5, L LIEROE)EE
Z T NRBHEERITIT., BREAIIREE 2 — o CoHBEH L, BEENIEFITEL D AR — VB
B OBEFICH L TEL, B AR MRRBHEENEB I TORN,

KL TIL, F— L AR =BG T DO NEEHEE T L — LT — 7 % BEER 72 N\WHBFIETH
% Tracking-by-Detection |Z#t & S Z I TIRET 5, HIRDO A WG ) HIRFD 1 7 L— ADFHERH
WA L= Bl TR E 4 SOBESONME)DOHEEY 2 —v & R IRD
Fl, BEORB)OREETET Y 2 — ), TNEIMNLICEB 2 HET D, £, TRLH2O0FET 2
— N ERE LI FIELIRET 5,

K7 L—LU =273 FERINEHRAZ MWD Z L B Sz 1 7 L— L DALES DA AN
DIHNEBBHEEZAT D, 16> T, B GBI S - BIEEEE, & L <X 1O AT O E
NEBO, ELHIZH L THERBEZHETE LR EZAT L, 0. 2F b L I35 O Global
72 HOG(Histograms of Oriented Gradients)f## & 9 . Random Forests TN L 7= FH{# % HEE 12
W5 Z & T, Local 72 EAREEEAL, RAOZRBEG S — N HEIETH DR E L H T 5,

F1ETIIARLDEATH D, AR—YBGENLOT — 2L & T OBLK Z Stz R TFENYY
B < ATRBMEIZ DWW TR D, F—A AR =Y OXNRN 6 LB ORFEHE ZOEREER L., BET
57 —LU—7DEFLEHERMEE DD,

F2FETIE, SATHIEE LTl AR E— 3 U v 7T v b | ITEORTE & 5L U7 B8
DIEEEFENT D,

B 3ETIE, MR REMETFELRET 5, BHOPEBEP L LE L 70D NEBOEO%, £0D
BEARICRE U CESIEZ 7Y v REEFFHOG FFE0 D 7' » RALE E LTHFE - #iET 5
Label-Grid ##n/l#s &2 W2 ZEBHEE A 1RE T 5, EBRTIL, 1ERFETITHEE LSO Wlm AT
DOEBHEEREE LRAET 5 2 & T, IETIEOFIEEZRT,

B 4TI, BYEE R E FEZIRET 5, BB LS P DI ArE A b S vz B HOG
RO BRI OIS AR 2 B R O DlElFR 21T © Poselets-Regressor DR %175, F7-,
HEE LB O E#iFH 2 & OBBEE CTENENTE Lz 5 Oikilgs 2 Ao, BEH G moHEF
ELRET H, ERICLY | HEROBTEMT FETIIRBELHEEL SOV, R BEHNTW LI
DR EHEE D, IRBFIEC XL » THEIITZ D Z & 2R T,

FH5ETIEL, LRL2EYVa—/LOMAIZEY, BEEFEIGEN%Z Poselets-Regressor % 2 [EIH %
Z & T, BEER I T D AR B A B AR OO E, d K OVE R O Sk D AR A T By B SR
&, ZWET L FIELRET D, FERZ2m U T, MEMNEIZESRGE T N8 0B E 2 #E T &
5 EhmT, £72 HOG FHEGIR OB X D LEROEEAT 9 RFED, TOMHANGIEE S
L0 OFEZE L TNDZ L LN DTODEBMER T,

FOETIL, KRG EHRIELZ LT, S%OMEERLEEZ RS,

.11.




WXBEENDEER

& H % 4351 5 K 4 O =Eit

AMOCEAMY A B BRSO MR e (1) HA &b

Rl BE BRGNS HIR Tt A R

BE BRGNS 2R Tt [

BEMEFE RN A% it (T Wik Sk

KRR M (%) BEE SLE

b (T5p) B L (%) ARE A BT O 035 K5 3C1E. THuman Body Pose Estimation Framework
for Team Sports Videos Integrated with Tracking-by-Detection (Tracking-by-Detection [Z#iA S 4L/ F—
D ATR— Y WG ENT NEEBHeE 7 L — LT —2) ] L. 6 EhLEREN TV,

AR, AR —Y BN D OBRTF OB EANIE I TV D, AT OKRFONEEH
T b AN TOOEERFRTH Y | EEOAR=Y O THIEMN SN TWD, BHFL THDS
NISIBFEBMNIMZ T, FE&FO LB FTHEMICHEE TE 2 L Ichiud, 7 —HRIR0w
FREAT72 & X0 SR OIS ~DO RN TE 5, Ll RO AR HEERIN I, H#E
ERTRER BB NIRER Th D | AR —Y BRI 2 22 NREMHERIXFEB ST,

KL TIE, F— D AR=Y BT O NIRRT 7 L — LU — 7 % FEHER 72 NBEF L
T & % Tracking-by-Detection|Z 5t &9 5 JE THEE L T\ 5, BPOEEMMER 2B L12%I12, THH
BEORHEE Y 2 — N & PEHFRBOWEETY 2 — VNI EBEZHEET D, IHEIZ 2 DOfE
REMET DI LT, 2HOEBEZHEREICHEE LT\ 5, FERIIEHRZ AT, Bifsn/z1 71
— LDONLES DEFHANRHEDO IO REBHEE 21T O 7o, Bif) OB S - BEEE, L
LI 1D ATEGE S ENT-EZDOELLICH L THRBAHETXAFERNH D, £1-. &
it L<I3¥H D 7 v — 3L 72HOG(Histograms of Oriented Gradients) F#{# > 9 %, Random Forests
TR LB MAEHEICHND Z L T, 0=V REBERLEEI L, RMDEE L — T LT
EEETHDL EVHIRENRD D,

B1ETIE, ARN—YBURIIT OBUR L 2 flii L. F— A AR =81 2 NEEBHEE D
BEREBS, KRXoOERE BNEZRL TS,

B2 TIL, AT L L TR T —Y a U v T F v & IHEORIR TS & R LT R
HEEEIT DI RITON TR, RFHSLOMEST 2 5 LTV D,

B3| TIL, FREEBHETIELREL TV D, BHRONEEFOLLE & 7 28 0%, £0
BEARICx U CBEEINEZ 7Y v RAEER (HOGHRHM) o 7'V » RArE & LT - HEET 5
Label-Gridif 5l &5 2 W BEHEE AR L T\ D, EEO AR =Y EZ AW EZRIZEI D, #E
RFELD bERBEIC TR ERZHETE LI LEZRLTND,

BARETIE, P RBHEFIEZIRE L TWD, BEF LIS F.OICE S Db S By
HOG R o, SEHRH LM RS D AR 72 B L O [R1FE 21T 9 Poselets-Regressor DHEE % 1T >
TWo, £7o, #E L2 FOEE O Z L2 LTCEBEEICOWT, 22y E L5
OB Z AW FE HHOHEETFEDLIRE L TV 5, T2 T 7R, EkTELD b
S EE D ORI B & B A RS PR R A HEE TRE e 2 L AR LTV D, B F M OHEE
FEIZOWTHERIICFHE ATV, AZIMEZ R L TV 5D,

BH5ETIL, Py, FTYHEBHEEDHAIZL Y Poselets-Regressor Z 5 = & T, BAFRH L
V2% D AR 22 B H O E B OB RT3 2 FE RO 72 T - By BN 8 & RIREICHEE 35
FIELREL, FERIZI> TREFIEOANMELZ R L TWD,

FEOETIL, AfalEELD, SHBROBEERLELRLTND,

VL BB 52, KL%, Tracking-by-Detection Fi% & HOG H#{#% v 7= Label-Grid ik 3ll#s.
Poselets-Regressor a4 5 Z L2 X - T, AR—V WG O3 FOE 7 REHEE 2 EHLATRET
HHZEERLIELOT, HBTESFIZBNTLELE TS EHFLGETDHEZANRDRLRN,

Ko T, KX oFEH I L (1% O E2ZTERNHLHDLERD D,

_12_




WEES 554352 = K 4 AT A

Fim CEH
Gel Characteristics and Viscoelasticity of Semi-crystalline Polymers and Copolymers
for the Fabrications of Nanofibers and Hydrogels

GiEgtER X OSEEAR Y ~— IR D 7 VERE & REBPEREI I K 5
T T A NR=B LU, Fa L OfER)

3RICHR Y MU= ISR DT ) 7 7 A 3= — b Ru i ug, bR OEEMERCERT 1
AZDBIFEINT THERZMEI CH D Z LD, [EPNINTREAAIITES TS,

T T A== NE, F T AN DIVWIeRy NI =IO ESND. ZDF ) T A N—
DENRETEE LT, =Ly hrRE =07 (ES) 1EEMATNDERER SR LIRR ENR S 5.
oL, et LOSLEAR Y ~—CIRAR1 7 /MEL T LE S 72, ESTEIZRBWT, b Ak
X VIEAL300nm LA E WIS ) 7 7 A S—%A 2 = L SR ChH - 7.

M RaZus, RU~—55AHD3RITH Yy N =T IOKEGERTMETH D, KR, FAERM®R
ZHFE LI Fa s LCld, REISENE @5°CHD STCTHIRY N5 2 &) NEER T 7 7 4
—ThsD. ZOLDRREISEME NN Ra 7V OBLROBEE LT, 10W%LL T & SRR DY Z
T, ™M RO NVEERICE 02 LT b,

Z T, AGRCTIL, IR VRAE &R AR D 2 & C RIS A TSR R A F LT
L. Fhob, ;77 AN—EICE, EEESEEIC L VIRRO T ACEINZ D L TT 7 A N — 2L
L7z, Fz, BESEM AN ReZ VB ClE, Z2vAF /o —bh (FRTA ) OEINC LY BUkEFH A
TEMRZ DD Z & CIRIERERGZFFR Uiz, LTS, AL B 72N 2R T

1B, 7/ 77 A3 — hBLUV RaALoBhk L BEIc OV TR, 2 =01
R ~—/iK, =7 haAv=2271%, 7/UCEET 2 H S LU SOV TR TS, 3 FT
I, AR L LT UL AR Y ~—DF ) 7 7 A S~ EER L T)D. BRI, Al
ELTATNAYZ anF o 2HWT, AU 7Ly PP) OFEMERZM L7 Rka E L, BN
230nm D PP F /) 7 7 A —E LT, B4 BT, o HEHPIC2FEDE ) ~— N T X NAHAET DT
H LR ~—DF ) 77 AN EFEHE L TS, ZORERE LT, I 160 nm OEMEATEDE O 2-
A7) A NAX LTI NRARY LA v (MPC) ok ~—F ) 77 A3 —%{ElL7-. #5FETIE,
DT 2 FEODOE ) ~—3T 0y ZIRAHAET D7 0 v 7 aik) ~—0F ) 7 7 A 73—tz FEii L 5.
BRANIE, — o7 vy 7 OFMEVERZH 2 2 & TV AR L, B 350nm DAF L RT
FARw— SIS) ;77 A —EE LT F6E T, IBENEMEZRT T e v 7 R ) ~— KRR
KLUT, THRTA MEfndT 52 &, RRETHY 2N DIRENVEEZ R T Re el L s,
ZORER, 275 W% &\ ) (RIS EIREOREIEME N Ra Va3, T ETE, SEOMREE DD
L EBlT, ABOEELZRTND.

.13.




WXBEENDEER

wEE S 454352 & K 4 HIE

AMCEAMEYSE . A B ERBNFHIR PhD. HH 8

Rl BIERB AR TPdLE shRk i

BEMES AR (T2 R YT

BERR R P TaAT LRI LY) RBLE LR

Bt (T5) BimmE B OB KR ST [Gel Characteristics and Viscoelasticity of Semi-crystalline
Polymers and Copolymers for the Fabrications of Nanofibers and Hydrogels (igafhds L OHEEAR Y ~—IF
D7 VR ERERMETEIC K 5T ) 7 7 A R—BLONA ReFLofffl) ) CEL, &7 22X
ENTWD., Kiglaxb->T, 20156 411 A LV EELRIEICEDHETHEEN L VT, &5
WIHEN DT 4 A v v a yERENPRTTHEEL BB L, FRICTZHRBFEIARINDIZES
7z. Z0Of%, 20154 12 7 8 HIZAMEE B S L, REFEASITE O TnlHF A & kit 2 B
RENTHO LI, KREICEST. ATHAER OMERRICOE L TIZHR~S.

3ty NI—IHEEEAT DT ) 7 7 A 3= — hong RaZ g, IR OB S EHCERR
T A AT CTHEHZRMEI TH D Z &0 n, EHNAATERAICHZEESNTND. 7/ 77 A /33—
=N, T/ T ANRN=DIRIEF Y NI VR END. ZDF ) T 7 A N —DF S iR
FIEELT, =7 hpAE =07 (ES) EEMENLBHES N EZRM LR ERSH S, Lol,
FEmmtER JOHEAR Y ~—CIHERNB 7 /L LT LE S 72, ES BIZBWT, T oA Meikhc
FOVELE300 nmUTEWITEHMRT ) 77 A NN—%FlT 5 Z ERRETH -T2, A Fa b,
R ~—0THOIRILF Yy NI =T ICKkEEEETMETHD. Ko, HEERMBRLE HIE LIz A
Kua 7 v ik, IBERE M (25°C 726 37°C THIEY V- TN T A L) WEER T 7 7 X —Th bH.
ZO LD IRIREREMENA FaZ L OBUROBE E LT, 10 wt%LL F & W S (KRB E Ok 2 v T,
A RS NVEFRTERN ERETHND.

2T, KEXTIE, WROZNVRE &R ZHIE T2 2 & T EEEICED AT RRE E L D
TWs. bbb, 7/ 77 A4 N—FTIE, WIEEEICE VRO T AEMMA D Z & TT 7 A /3 —
PR b L. 72, BEREMANA e ERKTIE, ZvAF /v — 8 (IRFA ) oBmck
DBUKMEMEERZ D 5 2 & TIRBERKR A EBL L2, LTS, KXo BRI NELZRT.

FLIETIE, 7/ 7743 =0 = BLUNA Rl L08R EREIZONWTEITNS. H2ET
&, RV ~—8 K, =7 brA=r 7k, FVICET 2 E#MREER L0 RICOWTIRR TN 5.
FIETIE, MBEAEEE LTHET 2RmMER Y ~—DF ) 77 A " —fb&EFEhE L T\ b. Bk
B, B LCATF A7 a~dh 20T, AU 7rEe Ly (PP) OFMAEMERZ I L 72K
ZHEL, EEM20nm DO PP F/ 77 A N—%ER LT, H4ETE, SFHPIC2HEDOE ) ~—»
FUBEDIAET DT o H L aR) v —DF ) T AN~ FE L TWD. ZORRE LT, EEN
160 nm OAEKEETEOE W 2-A X 7 Va A L FF 2T AR ARI L2 (MPC) 2R ~w—F/
TrAN—ZER LTz, HESETIE, Hr#HFPIC2EOE /) ~—RNT7 ey 7 RICHFEET LI T vy 7 ar
V~v—0DF ) 77 A"~ bZFEmEL W5, BEKMIZIE, —HFo7ay s oOMEBEEREZMHEHT5Z & T
PRI L, BRI 350 nmDAF LU RTT A R~— (SIS) F/ 77 A "—5{ERIL7-. &6
B, REINEEE ST TRy 7 aR ) v —KERIZH LT, IRTA MERINT 52 LT, (KRE
Th Y RN OIRENENEZ RT AA Fu Va2 FRL TS, 2O/, 2.75 wt% & W ) R E IR E O
BEISEMENA RV aGiz. BT1EIL, SEOKREELD, SHBOBEZBITNDS,

DLEEF I, FEHTT ) 774 13— — bBLONA Rz kRIEROBEEMERCER T N1 A
L TCOEMEOBLENSEIL, BEA300MM & W IR ) 77 A4 3—=BLR1I0WWLAT &V )
IR EE DIRIR A W IREEISEYENA Fa 2 EfR4 2 BT, Mt K OLESR ) ~—3iK D
FOVERE EREEME AR L, SO RE T LD TS, ZEY, SHE TR TH-TZ, 1) H
££ 300 nm BL T OFH 722 i L OEAR Y ~—0F /) 7 7 A N—OER, 2) TEIRIEE 10 %Ll T
DRI RIS EMEANA Fa Z L OFRICHOWT, BIRER Y LA T/ ¥ — ORI K isigo 7
JUVRHE & RERMEZ S5 Z E CTHEITEZ H L0 ) 1 QORI 2HREZ 7. RSO E SR
- HER - ENFETREIN, L EFETHEZANRKEN. LoT, KnXOFEHIFEL(L
PYDFNEZ T HEEBH L LD LR L.

_14_




2 254353 & K 4 SR NE==CTA

P FE— R TNy FRISO BB RF (RO

AAFGEIL, IO HERRIEIE 7 AU KIS AT R e BB ARG R [ O HERUEE TS = — L
FHLIZA1F T RFIC (Radio Frequency Integrated Circuit) (23R 5415 HifliBA%E % B
(2. BRIV TFE— R« v AT RSO T2 OB it & . {HEBIHIRO 72
DICVEREICE L CRE L7, BT I W TR, s oBEAEE X Th 5 LTE

(Long Term Evolution) S50 7 /Lo K& D 72 OB IR AT OV CTRaT L,
JEE S e A PO IR b & | A R EHEIC W H O EEE 5 OIRMEE R & &
BRIEHEDSLD T2 D DAl 2 -2 L, 3E - Bl 28 U CHRRMELZ R LT, BEIC
DWW Y A P OIRBEEEIMLEMRIC OV THRE L, (KIHEE ) OEFE
HSEIRIEIEE & . RSBy BRI 2R L, 3UE - FHMliZ @ U CH M2 R LT,

FLREIFMTHY ., AFIEEOIRTH 5 E /A Ui RO BEHLRIE 2 B D & T4
DRI L SNDEIN I EDOE mA IR~ D,

W2 FETIL, LTE 7 v 3y R&HESIZHNIT 72 VCO (Voltage Controlled Oscillator) @ )i
il & FAUSHE O R T H D R RIS A B O I E AT O FEMIZ DWW Tk~
Do b T UAT F—=fEE I LT R RN 2 HA LR R, B L7 VCO T
FERD 1/3 £ THRIBZAEBANGLEH 2 IEST S Z LITH LT,

%3 ETIEL, v FE— ML THREE 72 2 55 RO RIC L A BREET Y = —
DO RAULIZHE LT, SAW (Surface Acoustic Wave) 7 4 /L2 &35 2 ZHIE AT REZR
KR EIE OEMT OFEMZ R~ 2, S AEHIRIZ AT T, ARMEE - SIE O B
FRENHDONT A RE L, AR A R LT,

%4 BT, B Y e A VoREERELIZAT, 220 N7 AT F—~
ICEDMANZEHNZVCO &, T e RT U R IFHERHWZA AT w7 JEk
BRI ARE L, ARMEEfER LT,

FEEIIMMTHY, BLENLE L4 EE TTHLNEAEN DGR E SR ORE
Zuk 7z,

-15.




WXBEENDEER

& H % 4353 5 K 4 S =GN

AMOCEAMY A B BEEFEFANR 2% it (T%) a8

Rl BEEFEFAN 2% it (T Bm DR

BERBRTHRER L (T P

BEMEFE RN A% Bt (T AR £E

Fh (F), & (B%) PREILERB OGRS [ FE— R - <L F 3 Rt
S D HERLEIE H RE 25 EHEDAFZE) L, 5w LRI TVD,

T, BELEERE O LI E B, OEDDEZ/EM RFIC (Radio Frequency Integrated
Circuit) THEEOEMIEEFA, B RICRHE TE 252 AN EE L 72> TE TV
%, B oGRS K OVEEES RIS T 2 72D O RIEEEAT ORFFE D3R AN 72 TV
BN, BB AICERICEG S B I LT, RS ECHE B I RKROMERH 5,

ATl BER OB I3 IS FTRE 2R B BRI R M T O MRLEEE 2 = — LV EBLAZ BN L L,
RFIC 12RO B AEM, BT~ A TFE— R « v L F R RSO OB i L . 1B E S
RO 7= OHEAFICB LT, BB L URMET » 712 X2 H9MEORGEE LT 5, BIEIZOWT
1L, EHTOBENMAEE N TH S LTE (Long Term Evolution) HED 7 /L3N0 REHED T2 HIZH
BRI OWTHE LT3, B YA VORI L & BB Tz & 7 5 %
{515 B DARMEE FrE & AR E DS O T2 O OHEA 2 HRE L, 7 A M v 7 ORME - 3l 218 U T
HIMEZTER L TWD, BEICOWTTEEE Y VA P ORMEEE BRI OV THRET L.
{RESTEMEN AIHEZ: VCO (Voltage Controlled Oscillator) & B ERKAREEL, T A K
F o FORME  FHEIC L ARMER EIEL TV D,

%1 HEIITFmTH D ARBFFEOXTG T d 5Bl iR O HEREE 2 B0 & EFEOIRPCME &
SNDHEM 72 EOBFFAEBR TS,

0 BT, LTE 743 ReHCfiT 72 VCO O JEEHmAL & . FHUC e 5 3 T b A FHHES R
MBI L OVES B HARS A B O N OFEMIZ DWW TR R TS, F I VAT —~ e %
M U7 BB BB A 24222 L. 0. 18 um BiCMOS 'r & 2 TRfEL 7= VCO 7 & b F v FOFHMIC
X0 PEREAN & RS ONFEMEE MERB 2 iR L oo, BRI A RIS A ® 2 ek D 1/3 1280 ¢ =
HZERIFFEL TV D,

H3ETIL, /A FE— R~/ F N ML CTRIE L 72 2 5L SO RIC L 2 EfbdaE Ty =
— LD RFEULIZKT LT, SAW (Surface Acoustic Wave) 7 4 VA B L UOIMIT DO NRNT 2 HIIE T
HRERBEWR AR L TS, A B —X L 2D EEEEIC I 1T A A AR OFEH 2 VW5 =
LT RS - BT OB FEEL L, SAWW 7 4V E ZHIET 5 2 L AFREICLTWD, F
7 3@ —F ¥ RERT UARR L, NT oo/ Iz LY F v 7HEE FEBLL TV A, 65mm
CMOS 7t A THRIELET A FF v FIC L W IRREMOFEIMEL FEIEL TV 5,

84 BT, AR oA FOREEEMbIZmT, ST oD T AT k=<l LD
ZHWZ VCO &, T e NI U R SXVEHNEAA T o 7 ERES AR ERE L,
0. 18um SiGe-BiCMOS 7'mE A THRIEL =7 A b F v T OFHIZI T, 20 GHz #7D VCO & LT
BB 7 LoULd 20.6 %D JEIRE AT LR X 0191, 7 dBe/Hz OVEBEFRIE 2 2Rk L T\ D,

HEEIIMERTHY, B1EIOLFEAEE TTHLNTEANEND, imE S H%RORBEL BTN
Do
PLEEF BT, AFRIZ~ AL FE— R« v LF N RHEGSRE AR ERORIKREHI BV TX
B D NI A~ OICHE A REE T DT, T L T EREGET DL 2 A0 vy,
koT, KiproFEE I (L% ORMEZTIERNH DD LD 5,

_16_




WEES 254360 = K 4 (LI &

EimCEH
T =g LFEER EORE - mIEEY > R —{EMEE O ER & REm

Fr~=wmh (Ge) IFET, A—AHzVar S) kv sHOVBEFEZE L, KiEE
FRA - B RB RN T A% (MOSFET) OF ¥ bkt L TERZED TS, L
L, @EHEAE n 2 Ge-MOSFET OSEBUZMT, BB « Mkt — I v 78 OVERISRE & 72> T
W5, Ge BIC&RHEFREZRE LI5S, SROMEICER R B LTEVWY 2 v hy—fE
B2 (0.5~0.6eV) DRSS, EDT=, IKIEPL « kA — I v 7 e 1525 72 DI HARI i
JE D> OTEMA L LT NS AL T D, ZETIE, A A EANEE AW TR
AT CE 72, LvL, Ge I n BIARMIY ZEA LT-3A0S, TR EEUER S, S
BOMBIHISNG. ZD72, WUVMESZFHT L Z LIIRETH S, £ 2T, AR I EHIE
DNIEREIC ATREC, WREBEMIERDONIEINN § - B—E U 7V SBIZ, §- R—E U 7HEC
FNTAMI AN ) DOHIK T I 5 i P ORI 2 05 <HRFHEOBIC R 1A, H—
Ry (C) v Vary Qi) 2Vy P) ©§-F—=7RBIHEATSHZ LT, BV EMKICKE 5
IR CORE ORI A2 L 2R UT-. FORER, EIEEE - ByEOIENE L LT A is 4y
iz S8 LT,

AT 6 FE TR SN D, 13T, BAT, ZHE CTOMRITHIZECRIT HED A2, AT
FOBFUDWTHHEIT 5. B2 TIL, AMFZETHWZ 6 - R—E U ZIEIOVWTGHRIAL, 6 F—
LRI DR E R ORAEIRHTIZ OV TR %, 53T TIE, AW TR BN EREEE,
HEFRIOWTHIAZITY) . 43T, §-F—7SNZPICC MR LIZREE P DR 6 -
=7 &zl i L, Clzk v P O LBl snsd 2 &g, Clzksd P O
DI LY, CEADRNE DL RTE—7 BEIT 10 fHFEERE 20, ROy %
FKIRITRITE A3 O—272 o7z WIT, CDBAL §- =B 7 ZATUWGIRINREE M OS H il
ToiBHI R D BEAEE DM Z R . P O R—E" 2 ZEEEDN 1 X101 em 2Ll EOiREHZ I T
— 2 v 7RI ST, BACAODBOREE L L72HA121E, 5 nm OEHZRBWTH A —
Ly TSI FORER, EIREIEHEP 2 am ICPATIAD NS Z L BT B
2B TI, S AV P ORI C W CEERT 5. SiiEGe B TEEDEL, PO
FEREE SR E N, S DR A SH7-HAC, 3.3 A(~2 @) Clkbalke 7 a7 7 A 5SS
5. WIZ, BRI DRITEOZEND, St ARSI TR, SiBICEASNERDFE
D3P DARHTOINC S L CWA Z E R OMNICT S, 51T, Si & Ge DRRFEFITENC LY
O\ SNDERNLOTHE R IR - L 2B R AR 3. SIIRE 3.3 A(~2 R )TIE, £
£ HEW SiEOREE bR TRIBEOZEAD 2 @SB RO ENRETH D Z L &/~ 3.3
AD S BEFAUIZEREITIE, C X058 MEHTHIHIZR MG B D, BUEZRREE AR DN SEEL LT
Si FRAGEHI T U CEN-EHAES, ZORERIEOFHIZTTV Y, SIFARECIX o oUsiE
KA CTH D Z L2t 6 FE, AmLDELOT, AFRBNVTORENZP D §- F—
v 7EE Si, C ORTHIHIEIEDS, Ge Hbik b~ « EiEE P R —JEHo/ERUC A 72T
ETHDH T EEBRS.

.17.




WXBECEE

W& H 5 4360 7= K 4 I S ERES
AMCEAMEYNE . A B2 HEF BN AR Ph. D. O 3
e B2 EFE RN A % Bt (T%) WA £F5
e B2 EFEER A UE R Wt (T5)  off 25
Rl BIERDBRTAEER  THEtE PN -

4 (T5), &L (T%) WWHEFEE OFGEERWm UL T v~ =0 A FER o
e mIREY R —IEEREOER EFHME) CEL, 26 EILVEKRINS.

PHEREFE R OFRIRIT VY 3 v R EICEES LD MOSFET Offli{biz L - T
BFOHNTEZ., L LI X 2 RENEBREZIZ>OHAHBUE, BN LY &EHE
ICBENCE 27 v~ =0 DERE VTl DPEREM B2 S 2 IR ER ShuTwn
%. N F v -7 <=2 MOSFET OERICIHT T, BlifRY—%+ FL
A VEBBOERINVETHD. I TREE, Fhv~=0U Akl nBEBEEKT S
T OB hiRyE « ERE Y & R —EInEr O BRI B A 72

K X DOH 1 FITEAT, ZHETOUY a L BEEERRIKROREL, Flv=
U L E O SATIIE OB IBL SN D . 52 FETIE, AFSEOBmIERIZ V=
§- R—V U VIEORBENENSND. FI3ETIE, AR THW-ERTFIEOIEMA
IS D. FAETHE, -F—7HIAELDY v R —DF N~=0 AHEREE S
FOPEN Y (AT DNEERICHRONDS. B v oREBRMLEZSEALE, Vit
RE &L TG G %2 iR L, RFEOHFIEIZ L > TY ORI L < Ifil &,
T = AREECHZY 3 - BIRERINTE 52 2R, EHICZED R
GREMERET D LTI A — 2 v 7 EME G FHICKIT 5. HB5EICE
WTCIE, FA~=U ATV 008 - R—E 71280\, v a8 HN
THATLZZLIZE ST, VORI cE 52 & and. ZOREOENR-EFE
B OFAG S, U a v ETEOFHEAL L > TR O A — I v 7 BEIESND
ZLEWREND. FE6ETIE, ARLOmNREND.

PLEES 212, PARELIIS N~ = AERICH L CRECEEED Y » R —
WNEzERT 5 FEEZHB L. ZoRNEo LiIc&EEmEfESE5Z LT,
R A— I v VEBPER CTEDZ EE2R L. ZNUHOHEHINE, nT v xL-7
N<= L5 MOSFET ®»Y— R « RLA VEMEKICEL S HDT, LPHEG N
2720 Ko T, AR OFEF T H(T RO 22 T 58N B LD LR D,

_18_




WEES 2554361 & K 4 B HEERER

Fim XEHE
A Study on Security and Privacy for Ad-hoc Network, VoIP Service and RFID-enabled Supply
Chains System
(7 Ry 7 x>y hU—27, VoIPH—E R, BILORFIDY T T4 F=—2 v AT AITEBIT
HExXa VT 4T TANNUNCEET D)

IR= VI N a— SRR L DA A —F y FORIFER RIS, Ry hU—7 %
I UToAk & 72BN L 72> TS, ZILE T, 2O OB ZBL LT 5 720l @it L O
BRSERF S 52, FGE, T UXNEBLBINIR O X2 U T 4 BN S CE T ), Rt
VYT A, A<— 7%, RFID (Radio Frequency Identification) & \ Yo 7= Ak k@IS
AIRETRT 7 ADESRHIEAR Y, Fox DAEEZ LV ENIT DL R LW AT LB KUY
—ERAPNEH L L UIGO TS, LU D, ZIHLODOT S, RN AT A0 —E R
WZIE, 7 Ry 7Ry MU —ZIZBW TR CEX 55 = A A2 O -RSGEN T 722 &, VoIP
P — B R CIIE R e e 2 U 7ok G G 2 357 5174, RFID IZESIAE NI HHROA
IEEFHUC LD T T A NUAREFRE LW ST FDE X 2 U T o A2 T T E 720 s
FET 5. LIzdoC, ZIBISx 28R L OBAER 25 U5 2 L 13O & 72 > T D,

KemSCClY, K0S - BV AT LB IO —EAOFEEZMTF, 7 RERy 7 Rxy NU—7
WZBITDE8EE, VoIP —E X, BLORFID 7' I A4 F=2—0 VAT AIBITH X2 T 48
FOTTANUAGETFEZTRR L, e, 3 21— a VB RUSERIC LD Z20A%)
MeATT. AR SCORERR A DL IR

F1ETH, HE YT AR, Avw— R 74>, RFID ZHWZV AT ABXOY—E X,
F I FINOITHRT DB L OSRRIZ OV L, ABFZED B9 L OMGERHT 2 I3 5.

FH2FETIY, R YT A ABIVAY— 74T Ry 7 Ry NU—7 28\, b
KE@EDOOE > THS FFS (Feige-Fiat-Shamir) 7’1 b 2V OFEEEZAKT 2 5L LT, &
AEZBIT DIGEHRAT 1,024 €y FOZEROFREDNEHADOAM L 7> TH Z EITER L, FREH
I L DD h, 1RO IV TN DR EMERT 2 R ARET 5. £ L TReMzm, i
FHEB XN Android 73 A HWESEANC LV, SRR AN ATRE CH D Z & &R T

% 3T TCIL, IP BEabahhed &35 ElaG v — B RITRW T, EEOERHIC BT 2 a2 58T,
FIERH 2 ODY T ARIFET H 2 & THFEENEL L WREEREE TEERET 5. £
LCHEEET— 2y hBIOER LT =%ty hEAWEV I 2 b—r a3 A DAL
HiMEa~T.

%4 % 1L, RFID 2\ iiE Ry AT LB WTE ZIcE&EX AT -8 ER (EPC:
Electronic Product Code) RS2 Z & 22 < pidn &ALt 5 H1EE LT, # 7D EPC ITHEAE
~ A Uiz ECEORBETERE N — NGB X, 8RR L7551 ZIE LW EPC 21850 TX 51t
FASEARLET 5. TR CCIIRGRR OB A BRIERLE BB K 0 P D & 71 EEIAATS
BT, I —DIEREIN LT 42 7 %G ST 5 Z & CRe7 RS ROBCEZ FIHE S T 5.
Z L CEEMRIH, BEastERB LU STV D RFID 773 A & VW= FEBRIZ L 0 Ao a R
7.

FHEL, M ThY, AELONER LOSHOMEERIEL Q5.

.19.




WXBECEE

& 55 4361 5 K 4 S KRR

AMCEAMEYNE . A B2 HEF NP HR T TR ik

Rl oY NG T Wi e

B2 EFE RN A % (7)) K

BE SRR A% () mEE SR

T T RRFHR Ph. D. MATHTOPOULOS ~ Panagiotis

THE, BE (15, B HEEKRESE OISR CIEL, TA Study on Security and Privacy for
Ad-hoc Network, VoIP Service and RFID-enabled Supply Chains System (7 KAy 7 %xv hU—7 |
VOIP —tE A, BLORFID V7 I9A4 F 2= VAT AIBITH X2V T 4 & T T A RUICH
HHF%E)) EEEL, RS ENGHERIND,

IR=YF T Ea—ZOEMHERRIC L DA ¥ —Fy MEROE KN, Xy hT—27 &9
UTohkx 72 BB A BGIE T 5 72012, il K OVABSEERE 5 50, F8RE. 7 U X VBLAHEIN 7 & D
tXa VT NI ENTE e, — ., Bt V7 (4 2 A~— K7+, RFID (Radio
memmemmmm*@ﬁﬁEET%&?ﬂ42@Hﬁ%@*‘ﬁ%\%KEVX?A%%~°

ANZIRINTE L LIEDTWD, LIPLARRL, 7T RAyZ Xy MU —7 TIHMEHETE 55 = H R
%mwtmﬁhﬁﬁ VOIP H— & A TIIHE L 72 ilEH e A B L 7o SRR R 30, RFID C©
FEZIAENTHERORETRIUZ LD 77 A N UAREE, BEFOEX 2 U 7 ¢ HIFE T Cidst
ERVEEDRSH S, Lﬁﬁlof\ ZIDICRT D3R B LUK 25 U D 2 L id, BB OG- &
iﬁo“@z‘é

BT, 7T RARy 7Ry NU—ZIZBIT HFGE, VIP —E A, BIXORFID V774 F =
~//7<7A BIL2EX2V T 4 BROT TANUREFIELRRE L, WG, FHREY I
L—a rBRXOERICEY, 2 RXOAMEERLTWD,

FBLETEH, BREE VT ANA A Av— 742, RFID ZHWzT AT LB IO —E X(Z
BIFLEX2VT 40 7TV T 5L R L, KXo BRI EALEM T 2B THn 5D,

F2ETIE, BRE L VT AL ARLAY = 74+ EZHNDLT RRy 7Ry FU—27I1ZBWT,
URMFRFED O L > TH 5 Feige-Fiat-Shamir 7 2 k /L OB EA KT 2 Hik L LT, Miklic
1024 vy FOEBOFENEAEOAM Lo TND Z LIZHER L, BREEAZER LoD, ZR
SINDLZEMNEZMRTEDLFAEREL T D, £ LT, 2ot HimsHE S L O Android 7
INA R FHWTEFERNZ LD %%ﬁfﬂﬁ%ﬁ%%ﬁﬁﬂ%f%5;k%rbfwéo

FIFETIL, IPEFEAMO LT 2HFEFY —ERZHBWT, EEOEEEICET 2 FE s &
WEEE2OD7 FAZIGHETHZ k XU FRELEE LW KRREGREF RN FEL R
R, EBEOWEGFREL L OERK LT —2 8y FEHWT, #ELHFX0EHMEEZRL TV D,

% 4TI, RFID ZHWEHEFLY AT JMIBWT, X ZICEX AT ER (EPC:
Electronic Product Code) Z i < % Z & 72 < B %@E%ﬁ“éjﬂ%&k LT, #27®EPCICHIZ~
AT Lf:i?%@ﬁ[a;&%muu _‘j-‘—‘/\ %% ntquEZ))ESZIjJ L/f; IZIE LV EPC %@ET% 6ﬁ:‘fﬂ
HEFRRL TS, LT TIL, BRI E R Z . %ﬁﬂ% ﬁ& FUMEMmDF JicEX
AN, H I —DEREMNINM U T2 H 7% —FEICEiET 5 2 & T, BaRRREEROELEEZ ATRE L LT
Wb, £ LT, LZarkiEH, ﬁmd%%iUm%RHDTﬂ42%%wﬁ%% 0. BEHFRO
BIMEEZRL TS,

FHFEIIMMTHY . K LONEB L OSHOMREEZRIE L T\ 5,

Lk, REaSCOFEFIL, 7 REy 7 %y NU—2 28 2%GE, WIP —E 2 BLORFID ¥
TAF 2=V VAT ANIBT DX 2V T A BILRT TANURETRIEEARE L, TN OFMME
ERLNZLTEY, T¥E TEEFGETLLEIARDRLI2N, KXo T, KR OEL LIt
(I%)@%{JA%X j’ég*ﬁi))%é%@kwu&)6

_20_




WEES B 254362 = K 4 PR e

T G SCE H
MRS R 7 IR D RESIERR DT & £ OFKRERTATh

FESHIERRI X, & o X BOFRRREMiO—FETH Y . RITH T BOZEM. 74 —NT 4
T BTG LTS, < DX LR 8L, IE LS BESHERT AT D I L TTEORKREE
T 5 Enn, PEEUERRODIRREZ AT L, ZOMREABET 5 = LIS o U B2 BT 5 |
TIHFICEHETH D, ARG TR, AW X7 EIZB LT, FESHERROMAT & 7 DOF%RE
LA T 72,

(1) Cathepsin VV @ N-glycosylation & ZDEEIDfENT

t | Cathepsin V (CTSV) D N-glycosylation (Z- DU NTHEMTA1T-72, N-glycosylation FHEHITé 5>
=h~A 2w OTZEERR, MALDI-TOF MS (2 K AT ORE RN 5, CTSV 23 Asn? & Asn®®
D 2 7 FTC N-glycosylation SFLTCV5 Z EZHIDTHLMI LTz, 51T, CTSV @ N-glycosylation
23 CTSV ORIENERS, HMIEsh~Do3k, FERTEMEICEETHH = E7r L, CTSV @ N-glycosylation
DOEEMEAH BN LT,

(2) CCN1 & O-fucosylation & & DREEIDEMT

t I CCN1 & O-fucosylation | Z- 2V NTH#T 24T > 7, CCNL iEPEHAMin L D R LY =
> b CCN1 ™ MALDI-TOF MS |2 X A 5., 4316 S4072 CCN1 13 Th**? ¢ O-fucosylation &41C
WA Z EZDTHLMNT LTZ, & 51T, CCN1 ¢ O-fucosylation 7% CCN1 D~ T UHilgZ A L7
HIBEA~OFES . FIMSA~DSWNEETH D = & ZHBNT LT, £72. CCN1 ™ O-fucosylation
w25 & PRSI Pofu2 &/ v 7 0 4% & CONL D43l T TR Lz, 16~ T
CCN1 ¢ O-fucosylation |3 Pofut2 (= & ¥ fildiit S, Th*2i231) % O-fucosylation 75 CCN1 4347 il
L TWDZ AL LI,

(3) R-spondinl ® C-mannosylation D#E| & FEER ORENT

t bk R-spondinl (Rspol)?> C-mannosylation {22\ NCHEMT 21T > 7=, Rspol IEFZE BN L 0SS L
72U =) b Rspol @D LC-MS I & AT 5. 43S hr- Rspol 1, Trp™ & Trp™od 2
C C-mannosylation =415 Z & Z#IHTH BN LTz, F72. Rspol @ C-mannosylation 75, Rspol @
HIRIPNEARS, ARSI A, Wit & 7V OBRIEMEIC B CHh D = L LN Lz, 61T,
Rspol @ Trp™ KO Tip'™® ™ C-mannose S8R ORR 21T 72558, & b Rspol O Trp™ax4%
C-mannose #&ff%ss & L C DPY19L3 Z[RlE L7=, DPY19L3 % / 7 X7 > LT=FED Rspol D53k
B2l L7k 5. Rspol O/ IEEEI I L=, 16>, Rspol ¢ Trp®¢> C-mannosylation |3
DPY19L3 (2 X v fifE X 41, C-mannosylation 73 Rspol D73sZHlliE LT D Z & BN Lz,

ATRGEUZ L0 . pWH 73T BT T DHESHERRO EEEM N L E 720 | A% OB A D
MR D723 5 2 L NI S D,

.21.




WXBECEE

wEE S 454362 & K 4 PR thiE

AMCEAMEYNE . A BERBNRTFHERSE (T 7K SR

AlEE  BIERRATHR AL A IERR

S N T ik R

BE SRR A% @) R Wb

(L), ELER)O PPN EE R OPALEE R ST, [ & X7 B2 1T 5 PEHE
HROfFMT & 2 ORSREFTAN ) LB L, 25 B DR S5, ¥ /7 HEOFFRZEMOBRIT, Fkx
IR 2 - LV TR 5 E CHUEARRI R TH Y | wHFEILRY, L @2 OEEM 2
LTETWD, KX TiE, ZNZIVEOEMEIEA~DOBEENRBINTNDEX NI ETHD
[cathepsin V (CTSV)J. CCN1J, [R-spondinl (Rspol)] ® 3 2D X L /7 G ITxt L, BESHEAF DT
EamL, TNENOKEICE 2 582310 LT,

FLEIIFRTHY ., ¥ oV EOMRREBERT 5 ECTORMRZREM, FPESIEMORE TN &
ARFGECTHER LTIz Z o X7 EIZHoWTHERR L, R0 B 2T\ 5,

W52 BT, CTSV @ N RUBESHEHG & 2 DB DN 21T > T\ 5, CTSV X Asn® & Asn®* D
2 7 BT N BUFESHERG S TR AU TWE, ZOFEITR SN TE LT, HREMRI LTt T
Molo, FEFIX, CTSV OEFIFBLMALA BN L, KR L7- CTSV 2 MALDI-TOF MS fi#tr+ 2% =
LT, CTSV @ Asn? & Asn®® o N BUBESHERT 2B S\ L7, S 51T, NAESHEME = 5723
WS ELR CTSV ORI BLAE 2 837 U, BpAEADRBUMAG & bhidfigd 24795 Z & ¢, CTSV @ N A
PESIERRDS CTSV O WCEEBTGMEICEHEE ChH Z L 2R LTz,

%5 3 B TlE, CCN1 o O BUBESSERT & = D EI DT 21T > T %, CCN1 i Thr*? iz O g
BN TR ST, £ 2 TEFIL, CCNL ORI A #f32 L, F5% L7- CCN1 % MALDI-TOF
MS fiZtr+ % = & T. CCN1 @ Thr**?o> O BB EMi 2 B ST Lz, & Hic, O FUpssiiEaiss i
T B RV RA CCNL & - Ehle EBR°, CCN1 @ O BUpE &M & filit 42 L B2 b -EEHET
b5 Pofut2 /v 7 X7 L EERINS . CCNL D O BUESS &R CCN1 O A HIFEI L Tng = &
ZHLMT LT,

% 4 3 T3, Rspol O C RUBHERG D% E| & FALMESE DM 21T > T 5, Rspol 13 Trp™> & Trp™®
D 2 7 FT T CHRBEERIN THI S 47z, £ 2 THEAIL. Rspol ObFIFEBAMIL A2 B L, KR L7
Rspol % LC-MS fi#tr4 % = & T, Rspol & Trp™2 & Trp™* o C AU ERi 2 S Lz, & HIT,
C BUBEERI N 2 & 7RV BA Rspol Z{FEL L | BpAR & i 326k 217 5 Z & T, Rspol & C Ul
{EAf N3 We° Wit o 7 T VHIRIEPEICEE CTHH Z LA /R LTz, £/, B MZBWTIERFEETH
7= C PR REE O [FE bk 7o, HEEE KR K OBEREEIS D 55k 5 . Rspol @ Trp™* iz k4%
C RUBEARSMESE & L C DPY19L3 2 ¥ TRl L, £7- Rspol & Trp™l2xi4" % C RUbifiifgfzss &
LCDPY19 77 X U —LISD X NS L TS aREME 2 /RIB L7z, [RIBRC, RE LT
DPY19L3 % / v 7 X ¢ 5 Z & T, Rspol DA SN Z L2 /R L7, kXD,
DPY19L3 |Z & % Rspol @ Trp™° > C BUMEEARAS . Rspol D4y A HlH L TN 5 = & 2B 5282 L=,

WEETITRIELE LT, FEICEIVELNTREDO T LDIZHONTRIRT 5 & & bio, FEHE
HFEDRELZIZOWTIRRTN D,

A SLOFRRIL, & H 2 X7 B OREHEEM O EEMEZ /R L7210 T < BESHERT O 7 BIRRIE
BN, A~ —H— L LTORFEVEIZ DWW TE L L, A% OFEHENH 2 I & LI moiaiiEeR
Wik OBHIFICE AT 5 Z LI SN D, &5 CAPHEMOMIT TIZ. & F THID T C AlkE:
BREROREIZEY | Fiiz/e C RN RBRSE OFIELZ RET 570 L FiIC b CTERREVE
BESATND, LoT, KX OEL I HEL)DENEZ T EERDH DL LD LR 5,

_22_




T 254363 5 K 4 RA FE—

T G SCE A

NIEREME D T ICEE DS B 7 R L — a U ARICET M58

TR, —HOBFIFIZ X 2 HL0 AR ORIRROPSHA TIIfRR X 720 MESTREDE M L CE Tna. fh
Y, OB 5 E D EFE ORI CIRE ST, FREICEIh 2 YHE L B i 5720, FREOE
TR ITEE—BITED D T LD L. A ORI R T T, A I L 2= 7R
— 3 VWD,

UL, SEEOENREDD, FREORZ SFMERIAEN R 2 5728, YBEENE DREf -2 7R
—La v E(TO T EIIESTII . Er, HONUOIERFIENRD IR, GRS IlEEha 3
THURDAT R — a VIRV AT 2T OEERHT D ENTER, FERI A T 572012, 37
GDRIp DU EFICLY, BEGROIEE AR, RN T a7 R —y 3 U a BT AHHADNEThH
D.

Z T, ARSCTIE, BEA AT S EENER R, BRERRR AN TR E A R LTI T O B CARR 7
aATRL—vaEARNa TR L—a VBN, EOXEREEAONCT S EEBNE Li-, HEENE
ARSI AFETT5 Z L2 3E T2 7 7 a—F & LT, &8 EOINTEIE VT, B0 0038ES
VTR & 72 5 PASIEIRE SUTIZEH LT

SHBEET NVOREDT=0, 22T —~ DL FEBMENBHH R TR — 3 AL VT 27 4 357
S TIEB L, ZORNEROREZIT-72. IEEIO BZ-E O GEEOMEREEZ, ROl R 5
HBNETAAED T N—TE L, TDaATRL—a a2t Uiz, TORER, CHmE b A BNE D%
HEty NU—2 0, BEATEAERECER T2 LW ) T 4 —< U AZHE L TN D Z &b otz

4 X SF S T OFEN OB LNy NT—7 OFEEE | ST A LB ST T T LA B
L, {EENAMOIE, [EEIORGEE BN, 2Ry hU—Z OREEEL D 3 OBk SN BRI TR L
—3a Y OSHRET NVERE Uiz, ARET /WIS, BN SAB OB HE & LT, BROIHEEITH
BHPNDOREET — 7 2 a v, INERR T 0t 2% —2b—)L b UCERET A3 IoEERER S, Z L ¢, 3%
LT — N — NI RN A 7 — M DHERE 2 592 LT FERIV M HEREE D 7'F » 74— A0 3 D% L
7=, LT, REHEEHIEAS R IEOREEZ1T-T-.

1OHDOIAEET, YFEDGEEE U CHIOIEZT ORI T —7 v a v 7 extg b Uiz, 16k, i
TLOFLIRD S T3t 7 mE ADOFHINCR LT, XEH K> TR SNASNER OS>y N —2I25R
LT E BRI R AR R LT, 32— R &g b LIc/mtnd U CHREIEARGE L, TR L oxEE7 ' AD
R S PREFRIE L OB HER LT-. ZHUC KDY, REEOT mv ADO T2 O ATHE D AT

2O HDOIHBIAFY, FEfREE S A~ L U CRREEL, V2T VAT AICL D IGENE TR T D e AR kG
& LT XIS EE DB TEEINE 2 RE L, 1HBIOFEEE, FhiE L7IEEI~D T 1 — K3y 7 B
DFHIND LIRS — 2NV dG T Lis. RIS LT — 2 — U TS E, JEEjE 77— Ry
7 IR SN AR T DR A F O T = T U AT A E W CRSERRE BN DO SR A T o T, T — A B
& LIERGRIEDRER, D7 —<IZh LT, TRBRGT & TR s S v, 178 7 LS ~DA v Z B a—
THEOFRERIND, KFET—7 > a v 72 X VIEEN B OIACESREA1TH Z LS & L TEL Qb 2 &,
ZLTC, F—bb LUEEGEEL, SIEHOHER Y NU—2 2l U T A TEIOEST 4 — RNy 7
EATO Z LD, IEBOERSHT SATENOIAEIC D703 D Z LAV RET-.

LUEDRERD D, AGHSCTIRAE LTI SHEE 7T /MIESS, iREA AT 0 FRIC L0 ARN= TR L—a v
DXFIAENARN T2 Z L AVRSHU.

.23.




WXBEENDEER

& 55 4363 75 K 4 Rot B

AMCEAMEYNE . A BERBNY  HR T+ [ e

Al BEERAYE AR TEME B BX

BERRBNRY A% (T #HE W

BEERIRY: A e (Ts)  #E ®A

Fr (15, &L (%) WA —FRHOE 2GR ST TR ERES I ES< A
KA TR — 3 URICEET 20158 L, @6E L VRIS TWS.

WAE OHFFED B9L, R E ORI IRE SRR & 72315 0 HFE N 54 23 8EIC 3 L,
MHEANH ORI CIRERRILZ1T ) AR IR L —v a v OXEFEERET 52 TH 5.
XEOT T —F L LT, IEEEDO S ORI ERK & 7 5 NEIIEIESITIZEH LTV 5.

BAERMIZIE, MEEHY —27 > a v AT X 0BEYEEDNE O HO I 2170, BEMRRIZmT
TIRBNEORGEITHBIMEO T a v A2 5. £ LT, &t LaiE#E%E 7/ —2 & L CEMA
REETOMREZFEE LU 27 VAT AL VIEBIO X ZT o . FEREERICEI Y B Z AT S
KFE T — 7 va v TOXEIEE, 7F— MU L DIEEIE D200 X EORKGEEZ{T - 7=,

1OHOZEGFEIL, YEEDPFEEZE U CHMOLFEZITIRGFEUN T -7 v a v T axitHe L
TW5. itk BEZETLIMEONRD o5tz ZA0FHMNCH LT, ®EEIck > TEREN
LBMEMOME Ry NU—27 1285 B LI EEHIEEARE L TWD. Er—RExtge L Lichy
Braim U CIR—RERIEA ML, RAEZEICK AXFE7 08 2O & 2 L251E & OFHE 2 sl L7z

2O OB HIEL, MREMIEE A S — AL LTHEIL, Y27 Y AT AL 0 iEEh A2 ET
L7 RAERRE L TWD. OIZYFED BRI IEBNELZRE L, IRBOFEME, FEhiL
TARE~D T 4 — R 7 InDEENME LD L )R ST — b — L B EHT 5 . IRICER
FHLE =2 S E BN E T o — RNy I DGO NS R T AE A o =
TYVAT N W CHRERRIEEN O R AT 5 . BRAEORE R, 1REIFIEIC L 0 YFE N A O REE
PAZ TS T IR BN S S N — VL Z2 3G L, FRtr 7R R E OS2 XIETX 5 2 L 2R LT

AR L ORERL % LA FIZRT. ARSI R B S, FHLIFE TIIAMIED B & FEIZOW
THRTWND.

FRETIE, KL THHI T T AL —va VIZOWTERL, 27K b —va U XEOREE IR
RTWD. RIS, aFZRL—2a U ~OSNEE ST 2 /TR A2 L, NEAEIE-S T
B2 B2 R LTV D, RIS, R SCONMLER T 2R Tn 5.

HIETIE, BN TR L —ra COEERHAL LT, Wikipediaz x5 & L7 /o#r % £ L T
W5, HTORERNS, BO@mWELHEZBEMICIERT 5 7 0 —7TlE, IEORIZE 23
v NI =TI PRI NTWVWAZEEZHALMMIILTWS., ZOMR & HF2E T8-S T 854 %
HEIZ, BEMNaI IR L= a OX|ETAEZREL, a2 RmL TV 5.

AR TIY, RGEHERHCHE S E, YEEHHRNHNOEEEZIT OGN Y —7 v a v T ORI
M, ® G 7o 22T A EEARE L TV D, BEREISINEM OREIEFE it L7
faxry NU—ZICRSERBEND. BRKNeT —~ 2% E LT o U —7 v a v 7 & FEhi
T HIFEFERIZE Y, EHEEOF ML FEICONTIERTNS.

HEEETCIE, RGHERHIESE, {EBA LR LISAT 25 — 2k K 0 iEE~D Sz 27
HXBHEERIEL TV, KIEFETIE, EBIORE EGAILDTZD D7 — 20— AED %179
SMBIOT—7 vay e, b= IS EEHEE LG T 27— 2bie 2 EE L =
TYVAT DN TW D, BRI R 2 5% U2 S5EEBR OFE B b KB EO RN L iEIc -
WTIHl TV 5.

B 6 FICT, RimXOfimazik~T\5.

LLEDEBY, ALY, BEMa IR L — a v OXEHENTRENT. 6 DR
L, T%E TEEFELETLLEZANDRI RN, LoT, KigxoEHIL, L (I%) 0%
PEZTDERNODLHD LR 5.

_24_




WEET 554364 & K 4 A =

i CEHE

KEET T A~ CVDIEIZ X 2 & EEE ER & Kl

MREREA~OWEEPIEEIN L, BB 2 AZNEHTE, aX MICHEND Z &0 6% D5y
B CRRFEAMED DL TN D, KRARUET T AIRIIEROEZEC L ABEEHAM I, KT R R)ao
KEFE~DOHEIEEZ FHECTH D, AL T, ZOKRKET T X<iEz vV, IEERE#ER
FOY T RO LI D A TV D, REUE N COMEBEASRKE, KAER COR-DMERK
L, FEBEMBEENENI LB L CQUVRWT ANEHEL, BEZERE TRk LRt
~FEEEIMEL 72D, ETMERORGIET T A<iETClE, BMIEHEEES LI U A— MLV, SRR
DEM~OYEENREETH - 7=, AGwLO BIOE, EOKRKIET T A~<E@ B35 & L big,
HEOAIGI AR L, FRROMBRERET 5 ThD. Fiz, ARk UI-IEE RIS
L O IR IO A IR L, TORRE £ O TND.

F1ETY, R&LET T X=HFIROBURSREIZ DWW TR TV A, 2T, KL T X
IR X0 FEE R A ER DB BT DR AFAFICE L CGlR T, 3T T
I3, SR ARERS LOVKEIEICE B L, 7T A~HDA L5225 S CIE B IR A A
AL, EIFEOE(LAE HIEL QA BRI, ERRIEEEA 2L L, ERREE 7 a—hb
AN =< ZEBE S, o= VERHC LD A AV EE A RIS D 2 & CIRAE RSETEIRN
HOKFEEAEHEA T S, EROMEIREL V I /eI E B REER A =R N Camk Lz, &
4TI, RNY~—MEA~OARAE SIACER T TV DREREZ SR L, 0 AR L iR
EEFEZ MIET IR A DN L C0D. BB T, KRUET 7 A~ iz VW TRY =F Ly
TV 7T — ko) BRdEE AR L, HANY THEETHEL Q0D EEROERIRE &
) DREEORESE L OBFREA LN LTS, 6 BT, HEEOBHREDISHDTZDIZ,
KIEFET Lo b I HHFE ATRE R U B — FAKRKE T T A~ VD SE@EAERL L, 1S Y %R
A GRR L TG, ZOEBIZX VRO A L7 NAOFERANY THETIIR#ETCH -7, L
(RIOJEID 3 DIARND BRI AIRE & T o T2, F TN EROFE AIRRE ST D IO A HE 3
FOKIE G DObRrE & 2 T RO & OBMRA I BN L CWD. 5 7 B CIIMFSERCROMR
FEEAHROBEL EHIZEEDTND.

.25.




WXBEENDEER

& 5 4364 5 K 4 el

AMOCHEAMEYE . ER BERRARTHR Lt gk Hid

Rl BERRR TR Tt RS

BIERBNFHR Tt de

BEMESRER A H% Ph.D. WH 8

Et (L% HREHIEREOBIEERGH T TREAET T X~ VD IEIZ & % Sl RO /E
WL R LEL, 2TE2IVERSATWAS.

MBI~ L, BRI Z GG T, aX MUICHEND Z 062 O T
BIFEIED HALTN D, KREUET T AEIIIEROEZEIC L APFBEANC I, K= X MOk mifE~
DOFENEHFEZ FRETHD. AL TlY, ZORKET T A~iEx v, FENEREFES LU0V 1%
RO EREEE LIZHL D FHA TND. REUE N CORIEESRIE, KHHF TR VR L, F7 RSN
BN EPBRL TR AL AHAEL, B2 CAR Lo AEEME 72 5. F72
PERDOKREGIET T AT, BRMEEIER S U A — VT, SHEIRIROEM ~ORFE) R CH -
7o, RO BRI, MEOKKES T A<IE@EAERT 5 & L b, EEOGRRSIFERIEL, Eio
DORJEREfRRT D L Thd. Fio, B UTIEE RGNS LU Y A1 R 2 35
fiET L, TOREREE LDTND.

FIETIE, RRUET T A HEIFOTARLHBEIZ SN TENTWN D, F2ETIE, RRET
7 AR KV IR E IR IR A E RS BB AT 2 AR AR L Tk T 5. 253
BT, ERAMBIOHEREICER L, 77 AT OA 4 U BEZRbSE, FENE
IRFBHEE LG L, EEOME/Z B L T\Ws. BRI, EMmMEELZ s, K
BEEEZ 70 =D A M) —<IZBB S, =0 EMICIV A T U BELZINSE
. ZRUCXY, FEMERFHEENEOKRZTHRELREZET L, EROMEL D bIE L
IR RFAFENE A SR T CAMARE L e o7, BBAETIE, N ~—pBRm L~ 57
DI, BT T DREBEZIER L, AR AR L BRSRi & IS TR Z T
W5, HHETIE, RRJET 7 A~EMzHWT, RV =FL o 7L 72— Ry h%k
M ER L, AN THAZFHIL TS, EEROREIRIEL >V U REFEOREE &
DEFREZH LN LTV D, HOETIE, BEFREOBIEE~OISHZ B L, Kifnfaohm
b HERER Y B— FAKRKET T A~ CVDEE ZFRI L, ME > Y B REEZ R LT
5. ZOHEEIZEVIECRD S A L FROFEEEANY TIHETEIRNETH T, SLENOE
HD B DICIR~DERRMNATRE L 7p o Tc. ETZHEENERORE G IRIESIHT 2~ bR O A I X
ORIE & DR E & 2 U RO & OBFREZA ST LTS, HTETIIMIERER
DipFE S HORLEL LHIZELOTND.

Uk, 3212, EFITEHEBOIERERFEBRL LY IRELZRKE T T, KEMHEIZ
PBET D1 DDMEEARE - BUEL, #WEL AL, ZOMMESELMEITL, GOtz
FLOHTWD., ZNEY, SHETRAETH -7, 1) RRET T X~ FTOEMEEIELE
IRFBIEIEDERK, 2) BHEEDO L) W REIEOMELEE L7 7 AT v 7 W E~OKEHEE
oA FENE L, o AT, KL OMRITLFE EHFST DL IABKREN. LoT,
AL OZEEIIE L (T%) ORMLOERNHDLHD LD D.

_26_




T 554365 7 K 4 BER  HEP

=+ 3C o H

FRARGEZ X 5 7 V2 o OTEMEA L 2 Jhiih & 3 5 R L R FEF L 0 B %

AT, SN 22 77 L2 o DIEM b2 i & -2 R UIRER & DIRFR - IRBEREGTERONZH | &< B
U KO B VLT X D iR & ERER DB IEASUN OV THRET 2,

F1ECTIE, =/ 77— M T URRICHT 2REH & LTT 7 R BRSOV E Fad YUY 75 V5
BRDE UGN AN TR, L, BANIAZER B - 7 N IVIR Al 7 V3 L ~OBY UG A8 S
W KORERT 7 NREA~NT Ry NCRETE D LB T, USRI LR, R0 8E
FRgR, HHIZ T - AF V- MU TS 7 u[d440] -5 - THZUERWD & BINE T 2R050 A ORI L
THBIZHETL, RIS 25 BERT 7 P @l THELNL Z LA R LT, £72, BCNMRIZKHFEEFND,
R 377 L L AT B 720 Tld e . IAVRS VAR L L ) T — N A2 AT DIEFRIC b LA ARl
LTHSREL CWVD 2 LAV Sive (B 1) . RDOSUSTIWTIENIRS M AT L TR, AR E LTh
NRXINILEGTH7 T RERIMGOHND Z e bl ol 77 ViBIROARREOBLEND, AV Mz
T A bOT Y BT = ) AR THUE, WARFINAEE B OVE Rud Y T T RS
HILD EAE LT, “FMRSRFAKY, M BRI 1,8 - 7 e 7 n[54.01 - 7- v TV AERE
HHE, WURFVAREE L OV Rudf Y _U ) 7T UPNEIER AT D 2 L AL L (G 26)

B2 BT, YN LD 7 m LT I D T HERGE & 3 — REOEBHPEASIRN IOV TRz, 2
DT, F—3A— OBHUEISAI RS 5 B =/ URPE R 3 Oz T A AL e sh, B) - 3—K
oAU Y MRS ND EHIE LT, Foli UIZBUBSHT, BRa 2Eks L UNE AT AT L
CHEARECTH D Z L ZR LT,

H3ETIL, T UIMAUZ b U AFNL U NEZE SO A AE WA HFIFELE LT, VT =42l
RO —FRAUIRFE~DFRIEIMT L 0 AR5 VAR L T — MM X 0 IR L S= 7 L A K e s
M B ERD2- 77/ U BIU6 BERD 2 - B0 WG NDPURIZ AV TR, 745 L ARGRDEHILZ LY
ERIOBIRMENZ L L, FEBREIADYAIL 2 - 77 /) ATEWVEIWEZ R L, TR UBOLEIE 2 - B a
MBI DD Z L A HINT Lic,  ZORLESRPE TR 7L L RO TIRABODE MTER L
TN Z LDV ST,

LUE, SRR 322 77 12 o TR b A Kl & 32 9 R LisR R R EDBIFI ) LT,

.27.




WXBEENDEER

& H % 4365 75 K 4 PR e

AMCEAMEYNE . A B2 HEF BN AR B+ W il

AlEE  BIERRARTHR it (T5)  HP S

B HEF BN PR T g —2

BRSO HeRR e (T &R B

b (), L (B B Y B RmsCE, [ERARELIC K5 7 v v oiE Mk
i &35 TEMLRFFIIEORR) LEL, 3ESHINOMEKINL TS,

TR FBIIE O ERLIRRE I B 0 B RS RE T, KEE TRV ERS TH Y, - T¥EN
\ITEIEY & L CREBICHETTRETH D Z LD, FrICHEFANITRFBEIR & L T2k
W Th D, _BILRFBOAEEALFIFIHOMIENE S D HHED LN TER, £ OHEA,
TRV R #E DAL ENED B SR EE DR L WS OB N MLE Th o 12, BENITET S
T N—713 2 FE TlT, SRS L0 D —RF— b DT I kT 5 RERERL TR 23
FICIREE S, 7 a7 UL LT b a—Lin bk EIRMARSECRST A2 s a2 R LT, L
L, KERILT I 07 v a2 — WZIRE S, AHA LS A7 RE - IRERES TR S~
DREBANPLEEN T\, £72, EMIIMEEILED~OFE LT REFETH Y, FHIX, £k
DRI XD B = VR A OHIRK)SIZ LY, S— RE=AAFH U ¥ o ~OFEEICKRS) L
77

B1ETIHE, =/ 7— M R bRBICKT 2 RFREAI & L THWD IRFE - REFEE TG
IZDOWTIRRTWD, FUSORER, BBINIRELER B - 7 NANVKR BN ERKRT D5, Tz iRl
B X BT o ~OBALSUS 28 AT, ZERT 7 P UoBERICEETE L EE R,
PR R OSSR, RO BERSE, B LT - AFL- YTV [440]-5-F
D e, BRETHRIGHEA OIEIZH L THBICEITL, $HhT 558877 h
NENRTHEOND Z L2 R L, 72, BCNMR T X D ER)N S, $RAEIE 1A 2R L LT
TNF L EIEELT 2130, = T — NMEBGRIRIZ b VA AL L THAR = VEEETEME L LT
WHZEWRBENTE GB1E), RO EIRGES N Ak L CEAT 5 &, BILERY &
LCAONRIUNEEET L7 7 U FERNMGEOND Z 2 R LT, 77 VRO LI
A5 EZ0 0, AV MIITAX L 2878 b7 = ) U 2HEERE T, AR
EETHVE RaA YRy 7T UEERNELND ETRE LT, MEOME, “BLRFFAR
T, il B OFRIR L 18- VT EL 7 u[54.0]-7- VTRV EERE L CEHSES &, Ex
DIENOINKREUNIEEZFET LV RS YR 7T UNENRTELND Z L2 L0
Wz L7e (BB 280,

2B TIE, SAMILIC LY, Fu XTI KT D MRS L 3 — R omEHE A RS
[ZOWTIHRTND, 7 /I LY LR BP R SN AEREC DD — A= BT ¥
W6 L CERIETHIE, ROSBICE = VERPBIAR AR L, chna B F A Ic Lo sh,
(E)- I—RE=AAFH VYT oinEond EHE Lz, FEMemitorEE, Fx 0F ke
KO T 2 ekt L CHMULEMD NSRRI E LD Z 2 R LT,

55 3 W TCIE, SR D IRFR - IRFEHE BB S8 T 2 BRALEUG D EBHIZ DU TR R T
W5, TUNMLZ MU AF L U NIE SOk v A AbEWEHFEEE L, IART =4
AR D "R LR FBEA~OREMAIMC X 0 AR T 2 VR T — b, gl X v igtib s n7-
TR ALV I, SEED2- 77 7 UBLXO6ERD2- arnNEond 2 2R
L7z, T RKimDERIEIZ L0 AERYOBIRENZL L, FEREBROLEIX2- 77 /7 (C
EVVEIRMEA R L, TAFABEBROBESIT2 - B a U MBEEMICEON D Z LA BT L,

PLED XD ICARGR L DOEZ L, FEARALAA e “BRLIRFEORFER L L COFMIZE LT,
B LOWARBER S O BRI IR 2 KR OB ZED B D,

L oT, R LOFEHIE LRV DOFNE2Z T HDEERHDLHD LB D,

_28_




WA 554366 = K 4 B 7=

T Em L E B
HEA VN T U RAER T HKIE T =L R KUK & Rl 9 5 5EE S B RR & RISk
FI 58X v v THEOME

LTI, SLAK RS 7 = VIR FRIRE W oz TEEA VN7 U A AT DR T = /L 3
JRFAUR] ZEERAICHITE L, 9RE S REED B AT E CORMAIERFMREIZIWN T, fEED
BHEENH DR AT —HNRZ D2 BE GG AR T 5, S HIC, ZoBGwma MW, BCS
(Bardeen-Cooper-Schrieffer)-BEC (Bose-Einstein condensation) 7 7 A 74— \—3gl CO#fiED
WERIREI IR D EEA T AOE, BEON EEHSRELT A BN D85 v » 7T HBIS
2 HNTT B,

AFSLORRETIL, B AEEEZ AT 5 2FEDO T =V IR TR SRS 7 =L IFRTR
RT3 U, AEB O A ERRE, BEENH DHAE 2T D 2 LN T Dt AR OB
EATD, HEA LNT U ANIRWGE DRGSR 7 =)L 2 R KIROIIGE TR E 2 th A I C & 7=
GERCERE) T 175l (TMA) %, B&EAENHHLAISENT 5 & BEHARIRED 2
2725 70 EOIEER7ER A2 525 Z AR L, ZOFERRILY) ZOMERSEST 5 Z &n
HNHILTWNS (AU A NG U RERTAHT7 o)L JRFRIR] OBE LU T 5 Z & 2158
T5, LinL, AEUA URTUARITH UARhE Sivd iR Tl (ETMA) | #E&
VNG U ARITHAT D & EEZEN NS EIR CIIEERNSEIEE D 2 il 372 < 72D DD,
HEENHHIEERE 25 &, I AR CRITENSIE AT D &\ ) BT el A T
%o AFRICTIL, ZFOJFRERD, R VE - & B R FZIEND 7 /b I I D i S AIE DA
fICIND Z & THD E2EE 1D, FNETART D72 DICHEE TIH A S SR L, Thi-A
AT MUK 2SS AIE 2 522 B RS IZH) AND Z & CZ OREDMER SN Z &
ZIAGMNNTT 5,

AGRSCRECIE. 2o TR MRS T1TF L (SCTMA) | A2 HVy, FiEFED 1k FIREEIC
K3 DR AN & UK T D EEA L NT  AMREWGTT 5, TR RS AR EVER A M)
RTCIE, EIEHERIRELL ECYH 7 — =R S ARERE, LRI AT N UZHES v
o 7 LI D ELEENEIIND Z EDNNBNTWDAD, BHRA V8T U ADMFET DA, R
B BBV B L 7 — R HERUCBIG T AIZ B LT, #EX v v T OB I 7E
D EERT, LK IBA 7 =/ IR RIATIE 6L, 9K M e v » 7THE B S
FEETE T <, 8L DT v v TS E D ZIE THLIL TRV v v 7B
GBI DN B D = & A BERINI HNNTT D,

.29.




WXBEENDEER

WEE S 25 4366 =& K 4 EH 2
ROCEEHNE . EE EERRYHIR [+ (F1%%) K& Pt
AlEE BRERBAEER Ph. D. i AT

i YN e At SRS

BEMESSREMES S L (F) Wik £

Fob () L () BB oF s, HEA VAT A2 [T HMIKE Y =
VR RR A TR S 2 Rk G EER & U IIRIF T DY v v TBIROM%E] FEL, 25 LY
RSN TW5D,

WK 72 VIR HA, BEO, Li 7 =V IFA T AOBIENMEDS 2004 FIZ 22K S 4L TEARE,
BRI DRI D RE R BIED— DN B/p D E & H FF O R 7 = )L TR 1-fH D Cooper
KRR L ABTE (BEA LV NT U ART 2 VIBHE) OFEBRTHL, N TH, K 7 x/L
IJRTE L 7 = VIR OIRAREDE S & 7r o T D, ZDFRIL, Feshbach HL0E & BRI
L HEREC X0 SRR LB 725 IR EAER O S &2 BIEICHIET 2 2 L BN CE | MiRE b2 ik S
NAVE, T O %2 5545 S TEIR ) O IRFE AR £ TH AN X 5 L HfF ST ad, LaL,
ZOZROBMEMGIIART S L TR 6T, BEisBIRE 2 &M TS5 2 &3, BifE, Bl
WSRO BN TND, & AN, WERD T )b 2 i+ T ABTREIOBFFE TR X 72l th 2 I0h 7= FE
H O MRS 717800l (TMA) EFRIEN 2 A HmE O X ) REEA VR T U AEFT DRI
WHT 5 L., VPR RBREEBIRE 252 TLEV., ZOEFISZD I ENTERP-TZ,
ARFIEIE, TMA 32 % Z OFMHIROIRKR ZH 5z L, 2z ik U iiis S ERa O8I
), YKL RG 7 2 VI RIKOS G E Gt MMEOEEZE, BN ALEOB| I EAEHREC
X9 HEMENEAEE 2 E &S TRIT 2 W) | FEFICEERKREELZET D, o, BEA
VNG URAERT DT 2V IR R ORFEABREH O NCT H E WO R B EIT TV D,

FB1IEIFRTHD, "CRLLI EWVol 7 2 VIR T HATEBTLMEAHR L, K-Li R
B 7 2V I EEOFFEDBIRIZ OV T OB D%, AFIED B HINBERHN TN D,

B2 W TIL, TMA NS S LTV 5D, ZOMEGHERN, HEA T U ARRNNT VZARIT
B DEEX v v TBGCBCS-BEC 7 B AA— N\—BiG % L BT 25—, HEA V3T VANF
ETDHEABMFELTLE D Z &M, BIBEBIEEOHFE/BRZ R LD LBR5N TS,

B3 E T, TMA TEMR SN TV AEESMELZ RS 52 & ¢ ERoREERwRsnD Z &
DRENTWD, T2 CHEEINZ A CERE 717500l (SCTMA) TiX, #ELICRE 53 2k 10
BRAEOAIE & . ATERICRE S 3 2ki O fE A EN L IC B CEREICE B I T\ D, Z Ok
AR CHE SN BB L, (RO R, [LE O I EEREE I3 UEICH R
& 7en, ZHUTHESE | K-Li {RE 7 =V I 5URIE, RS I EAER DS HAVUXE ICH R
REEBIREZAETLHZL. T LT, NT U AR E[AREICBOS-BEC 7 0 A4 —RR—NEZ 52 &%
BN LTV,

%4 FETIX, SCTMA & WV, 88X v v TR T - EA VTV ADEEEZZE L T 5, K-°Li
BE7 2 VI KAEEDEEEND D & B\ KL 1 OIRIER B I I DB RS IR T T Y v v
TINBND DR L, EORLFOREBEE IR v v ST E A LEBN LW 2B LT L
TW5, ZiuE, RTERICE S35 2 Bisr i OB X ¥ v 7B DT AR DSE
EIIRELS BARDIERTH D,

B ETIL, fime LT, AMFEORENE LD LTV D,

AL, TNE COMBEHHZTIINEE TH o772, BEBEA LN T U 2E2HTLH7 2 VI FFR
EOBREISEIRE 2 (LEOEEZE, TEOS|I I E/EREE CHERIICIRET 5 Z L IZHH T
KA. RFRZ, YKL RE T = VI RUIRTIE, TN EBRICHSRIERRERIBE CH D Z EEH S
MM LTz, ZHUE, BEA VT U ARICEBIT D 7 =)V S B ENEIIZ 6T 72 AR FE DR RIS R IZ
HiikT 26D TH D, £/, AIZEICL VAL NI SN, BOIEFET 28X v v 7HLIT, 4
FEOBRICK T O2HEA U NT L AONREET 2 5 2 CHFICEETH D, Lo T, KiwLod
EFIIE L (S OFNEZT BB H DL LD ERBD D,

_30_




HEE 554367 & K 4 AR Bz

Fam L EH

WT 4 AT EBEORY VXTI F 2 m— 2 BT D ERER O E AL

KT 4 A7 EEORERE EIHBESEEDOR EO-0OIZ, ARy bOEREMER
WEFEHET LMWL AT 7 F 2o —ERNUETHDH. YL AT 7 Fax—HD
BOVEREME IS, AR, IEENEE, L RS I S A ARFZE T,
Ky AT I F axm— X OEMERHE R TITET V&, BERE R B A2 BT S
FEAEH I AR R L, sEpERICE A g2 RB b+ 2 L 2B E LTV 5.

B1ETHE, AMEOYREHNERLTND,

F2ETIE, T 4 ATEBEBOHRRKITESE, MWL AT/ Faz—HZKDL
N DENERECTH D INEHERRE, IREVFAE, XML o XIeils o BAEE 27~ LT
5.

WIETIE, T 4 A7 HEEOEFRCICEERDLIXNY L > XT 7 F 2 =—F D)
HEERFE IOV T, IERAW ST & 72BN RS & BTN R 12 2 C,
D O CTRESR SV BN R 2 H 7= I8 A LT D, 7 K
JERFERE L 352 LT, BEEI A VOB ENFTERBOEED 12 OLEI, EIIIE
ERE AR L TE D Z L ZHLMNILTND.

HBABETIE, LU ATV Faxz—FDY RN a U HERESSE L
T, WEMELTHIMT 230 a—u 7Lkt Eoine LTELZESTT L
ZHWT, —kROESIT— RO LIERFMELZEH L T\ 5 . /T & ZBROFER D,
ARETNVERND Z & CEMRMEABEICHERSRHTEL AR LTINS,

5 BETI, WEOEEEET— NICX D EKROERET— RIZoWT, IREEE—
R & BREh )54 Rl A B D T mIRHRIRIE ORI FIE 2R E L T 5. BRERICE
T B EREN ) L IRENE— RO CER I NDEN Iy Offaz B rl2ii3ih 5 K9
R oA L~ 3y FERETDHZ & T, HRLIERIEZMH CE52L2/RLT
W5,

BeETIE, T 4 A7 OEEELRFICKLEL 22D, WHEEWERE O L o Xt
fHZ DR TFIEZRE L TV D. BREY o A VITHE 3 D O B 43 AT O SRAT it 3R 4 B
2, IANO—FTHEINT DMEREE S E, A VO T3 2 B E oA
PHAEDLEL LT, o= T E— A MR EBTESZ L ZHLNICLTVS.
ZOREHIESNT, My a0 a ARBERBLI O, =~ Ry FD
FLE & WO ERICRVREERZL, ZNICL TR L v XD ta—1) v 7
HIRFFOBEIE X 2 RAIEBTE D Z L 2R LTV 5.

WIETH, SECTEONEANREE LD, AFEORREZEH L TWD.

LLEICE ST, T4 AVEBONYL v AT 7 F 22— 2B\, BifEREHED
] ESATREZR BN R OB FIEZIRE L, T 4 A7 HEEOREE & mid b0 EBL
ZRFEL TV 5,

-31.




WLBEEDEE

W

WEE T 26 4367 & K 4 AFF s

AMCEAMEYNE . A B2 HEF AN HR T+ il =

e B HEF NP HR T PR 25

B2 EFE 2R A % T NS

BERBRTFHRESE L (T%)  MIADHRRR

AR R 20% T+ JWA JEAT

Tt THEL ANBEZERRMOPLGERR T DT 4 A7 EEORY L XT 7 Fax
— X BT HEREROEREE ) CEL, TENOHBRINLTND.

W7 4 A7 HEEOFEE, KEB(ICKHE LT, EEORERE LEXEEZ M EXE572012
X, AR Y S ZALERDEREIT AL o AT 7 F 2 —F BT D EER O SR LSBT
b5, ML AT I F am— X OBWERER, IEERE, REEE, S L o X I
KIEND., KRS OEZEL, L AT 7 F ax—F0O b OEIWERHE % R T MATE 7 L 2k
HLT, ZHUTESNT, BMERER L2 TRE & 3 2BRERORRGH HIEERE L, Tz BEADE
T4 A7 EEICEM L CEE L E REB(ILOFEBZBIEL TN 5.

FLIETIHE, KT A AV EBOTERECTHINW LV XT 7 F 2 —Z BT 2508 & ek
WiAEBI L, AHFZ7E0 BB X OGO EZ R L TW5D.

F2ETIE, T 4 AV EEBOMBRICHESE, XYL XT 7 F 2= —2|ZRD LI HEERE
T DR, RERE, L AR O BAEEAZ /R L T\ 5.

WI3ETIE, T 4 A7 EEOEFEGICEERED LML XT 7 F o — X OINEERE IS
WG, TERAW SN T E T BIINEE LR L BN IC N2 T, 20 OB TER S
AU B IR P RS 2 Fr7- lZ A LTV 5. BIIEERE 2R L T4 2 LT, iz voE
BN ATERROE&D 12 OGAEIL, SHMEEREZ R TEL 22PN LTINS,

EAETIE, YL AT IV Faxz—BDY AL gL VA YKERERRE LT, BEM&
LTI 53U a— 2 FuzkiEtkoilZns LTRLZEHTETLVEAWT, —KROEET—
RO TR ZEH LT D, fifT & EBROFER G, RET NV EHND Z & THIRRAEZ
FICEERSEFFTEDZLEZRLTNS.

855 W CIE, FIETOMMEAIC L 2 R OIRENE — RIZOWT, IREE— N & BRE) ) oA 2 4
BB OB EmRERIRE ORI TFEEZRE L T\ D, BRES I D68 ) L IR — RO CTE
HINDOBEN I Oz aici S5 L) Il af v~ 7y NEEETHZET, &
WHIRIEIE ZIH CX 5 Z L 2R LTV 5.

H6ETI, T 4 A7 OEBEARICKNE L 722, WHEBIER ORI L o Xl & ORI T
EERREL TS, Bl = A VISR T D GRS B 04T OFRFTRE R 2 2RI, A vo— 5 THEINY
LW E A &, A VOMS TRAD T HBREES A lAEbEHZ LT, v—J 7 E—
AU RERIEBTEDZLEZHALOMNIL TS, ZOHEHIESNWT, T yvF o rafrorax
HEBIOAS =<7 Ry hOREEDIWERIZRWVREBZRL, UL > T L v XDOE:
B E L a—U RO B E 2RI TE 5 2 L 2R LTV 5.

WTETE, SECTEONEANEEZE LD, AFEOKRELZEH L T D.

PLEBES 21T, KiaE, T 4 A7 EEORY L > XT 7 F 22— 2 ZBWT, BfEREDN
R FTREZRBREN R DRRET HIEE B L, T 4 AV EEORFREL L BHEILOERZRIELT=H D
ThY, R LFoHICENT, LFE TERFETLEZARDRIRV. LoT, KigXd
FHIIEL (%) Oz T 88RO LRDD.

_32_




WEE S il 254368 & K 4 Ji Bz

+ G L H
oy 8RR A WD TR IEME R U < O KR TR 258
B L OMSH B BREEREOTT L L <~ L F R — L FEM @bt

SEMEAR Y ~ IIHEERE & L C OIS 72 ) FHIRE T CORMMANZRITILR L TV, ZOREER
B L O EEE) 2 IEf S PRI AT RE e T T L ORI IR T DT 5. 4R, B 7ep
D~ 7 a2 N)FREE R X PRI 27280, MBHRRR O R — DB Z I B E T 5 Z LN E
FHINTWD. —J, R ~O5ERBR CIILROEFER T <, < OCNEEITERTR b IEME
WEERAET D, ZHUIR Y v Frf OMAEEETH L 7 L —XDERICER TS, L LR b,
R~ ORI ARE—MEITN 2, BEER F TEEE LIBRTE T WIBEE TITIREIN TV
V. Z T, ABSETIIAR Y ~ OIEHMEETE & o 1SR KOS smIVERRIC Lo TRER L,
RGO B EF LT D L LI, BFonET WVICHELIEZ#EA L THEER Y ~ 0
~NVTF Ar—)V FEM fifffT & FhEd 5 Z & T, R U~ DOREWR « B8 2 5 m AT TRl 5.

FLEIHS THY, AR OYE R E AT ZRI L, KXo BB R AR TN 5.

F2ETITEY, AWElilk T 27-DICLBE R IEBOMEELEALTWD. £, HFH#
PERR IS X OV GRIC B 2 8 TRV R TERIN D EE AW TEGICIHEMMELRTEHE R L O
FEHMEA U NEOND Z EERT &L BICHERBOS FHEEEENY R LE LUV AR E O i 3
JERZ MAOEFFIEOEICONTHEF L L TNS.

%3 mTIE, HIEROHE WA TH D Updated Lagrange T80 38 FEARARAL 2 0 [ EE % A TR
ERHmOHBETERLLTWD,

B4 UL, BRI L 2 B A IERMEA I E OEE2BR 2T E T D 2
LTk, R A EH L TWD. 512, RY OB MOEMAE L0 EIcERT 57
I, FESFICIIZEARET VEER L, fEaMICIZs M OIFEMPmREZEA L TWND.

%5 T CIL, HOREYEMEARE R O IEBMERAE 2 D E T D MBS BN W GRR TV . FERRLC
XA Y =W O B RAEEIC S S FEMMEINE R Z A T2 & & IR Y w5 Ok D I
FRIZ O Zr[ml18 70 & QNZRRARIS 1 O F KIS TR E 2 R 2 K 5 FEMPEIS BRI Z LR L T 5.
FEEFEIZ DUV TIE Byring OSSR FRIZES MRS ERIZEAH L, S 512, Eko Pan-Rice 2
FEALHITHW I TOTEMPEES D b IROSIEE R OMBHER Z RET 2 FIEZREL TV 5.

HeETIL, R ~EAOBETH DLV L—RADFAER LORE 2 F T BR4E RS HEH OB
FNOHTICHEELTEBY, 7 L— XERICET H1EM (b= L ¥ —% B RO 2L & BE-S 1T
52T, 7—ARERICOTHAEEERFEZEALTND.

B7TETIE, 3ETHALHEVWHERIC 4 ETHEELIHBRKXERATLIZ LI TEHELND
KEe A, W EEIEIC S < B EZ AW T 7 vifiElk L~ 7 v fEiEO LA
WZBEL TV 5.

FO8ETIL, TECHIXM RN ZARERIEICI > THEHILT 5 & & bic EkoET M
DSIEMERY ~D I 7 va—< 7 g @ fENT A % — DT OWN TR TN 5.

BOETIE, FERERY ~TH DA X T VLA FIVERE L ORSEER ) ~ThHrRY e e
L ASERRIT KRS 2 RETE FEM f#FT 2 Fim O A5 N CEM L, KU~ O L5 | 9= O R,
Thebb, v 7 ol IcB I 25 EHF M~ Ok L0 b—XEFEEORIE R 5 N1
PR ZERT D L b=y FEADIGE L OB OV THEm L T\ 5. 72, IERE 0T
FREECBERIG T D O B FEARAAME, BOKIEIS MR 7 EMARET M L > THBLSND Z &
BT EEBICT 4TIV AREB LY L— RBEICHES M PRIREE2#BET 5 2 L TOd
D ARAE LT2AR Y ~ DIEVEDZE L2 T L TW5D . Ji%IS, AKET /L0 =T FEM fEHTICE
22OV THRHF LTINS,

FLUETHESTHY, KR TITo72ET /M E FEM TGO ZERH L T 5.

.33.




WMABRENEST

& %5 4368 5 K 4 N

AOCHERAHYE . A BE BRGNS 2R T TiE —

Rl BERBOCEERRE ME(DY) K ER
PSSR (DY) HE BiE
BE B SR B 0 Ph. D. S T8

TR (L), B () 2B O Ram UL o -8B MR 2 W IEER Y ~ O KA
ZEhE L OB EEROTT M~V F A7 —/)L FEM @it L L, 10 DR ST
Wah.

AR, FEMEAR U < 1 3HEEM R & U C ol e 71 FERE T CORMABIER L TR Y, TDOKRER
B & OMEESE) 2 IERE S PRI TRE 2 BT T L ORESICHIE N SN TV A, LsLans,
U~ ORI AR 7 L— X (R Y < R OMENERE) R £ TEEE L, o rHHFEEcES
WTHEE LT LV TF A — U E 7T VITIRE SN TR VWORBRTH SH. £ 2T, AW TIE
FEMER U~ OIERMEZ TR & 4y - SHYBM R 3 L OVRE LB MEGR I & - TRk L, RS0 R %
BIZIERT DL L b, HomET MCWEMELZEH L TERMERY v O~V F R 7 —)u
FEM fEbT 2 i L, AV ~OREFLE L OB AEE) 2 BT s T35 2 & 2 A TV 5.

FLEIIHES THY, RUFEOE S EATHR AR L, KXo BH LR EZR~<TW\ 5D,

B2\ CILERZICOW T U TRY, o #HBEMR X O RBEERICBIT 28T 20T
A SR A AV CIEBPE TS 36 L OFEHME 2 B0 BB FAIC RO IS Z L AR LTINS,

B3 ETIL, FER0E W TH 5 Updated Lagrange FE 208 FEFARAR L 27 oD [ EE & A TR
ERHGmOHE CEALL TV,

W4T T, BERTEHEER L 2 A IEMIEE T OEI 2R 2 AT 5 2
LTk, BUREEMERE R R A B L TWA. &5, KU~ DI &R ORI A K v i
KHT D201, BiE TIESHEAEETT V2, 58 TS FHETHOHLEMMEZEANL TN 5.

%5 T CIE, BT RO FEEME AR 2 IR E T D MBS RN OV TGRR TV 5. FERFHIC
AU~ NER O B BIRFEZ IS < FEHMEIR AR Z A T2 & & HICR Y ~ A OBRMmREOIE
FRIZ O Zr[8l18 7 & DNZRRARIS 1 D EKIEIS TR 2 R D £ 9 FEWPRISE R Z PR LT 5.

F6EHETIL, 7 L —AORAEB IR Z R T HRERL RISEHEGROBLEN O ITHEEL Tk
V, 7L —XHERICET HIEM L= RV X —% 5 HIREE L L BEEST TV 5.

BT ETIE, ARo#E W HERAICHERA A EH L TR oo R L, WnrEEICES
BB ER AW T S 7 niEl L O~ 7 a0 LR FRUCoEE L T 5.

B8 FETIL, A TR GTERXOBEBILE LR 7 n—~ 7 a# NI OV TR T\ 5.

FHIOETIE, EEERY~THDLAZ V7 UNBATF IVERE X OERERY) ~ThHR) 7Fr e’
L UAERRIZ )T 2 KA FEM FEHT &2 R O ASE T CHEM L, A U~ O Hilh5 | 37RO R,
Thhbbe 7 uildBENIZB T 55ES A~ OB LY b — XEREIRORIE R 5 N7
FRMEZHRT L L b=y FREADIEE L DMBICOWTH#Em L TV, £72, HEREOT
FREESCREARIE 1 D OT B BEAR AT, BRI KR ERARET ML > THBELSN D Z &
BRTELEBILT 4TV NAREL IO L —RBEIZHES W PRISH 2L 52 L TOT
TP\ AF LT AR ) ~ DIEMZ L Z THIL TW 5D, RK%IZ, KETF/LO=RIE FEM fRfric s
HFBPEZONTHRAT LTV D.

BI0FEI/BETHY, AETELNZMAZEHNL TN D,

DL BB IR TIE, fhfmtER U ~ 00 8 5D < GRS R A SO 8 B G ) L A 22
THEEBIT, SRR L ORI RR I E(LIE 2 LT FEM @t 2 32 L, g%
PE S KEFEREN 2 BUEANTEIC TR L TR Y, ~ /L F R — 3B ER DSOS I8V T T%
b, TEEESTDHEZANDRLIRN. Ko T, KinXOFEE LML (T O 252 1T 58k
NHAHLDERDB.

_34_




WS 554369 5 K 4 AN

I m X E A
Realtime Monitoring and Stability Diagnosis of Cutting Process
by Applying Disturbance Observer
GMELA 7 — N Z S LT BIHI 7 1 ' A O FERFRRIEERL & 22 E 2 )

BAEHIE TR, SO CDIERESNTHM T v /T A2 BFIEICEITTE L7
W, TIE TEEETOHFEICRKE G L TN THECIRERZ KIFIZ M E S,
— 5T, ML e 2ARnEEMb SN0, IMLPICA U525 B 2 BRI Mz
THZENREEIC /o7, THVE TITRR & 72 BE BN TR L BN T4 T L0
BEINTZHOO, MMt Y E2MELTLHIN0OFTEITEAN - {EEFEHO T
Mo 2 RN THGORE LFER T 57O EZRAIZE 26130720,

ARFFECIE, EfEHlE TrER O RRE iz 4 U455 BIEIC s LT, mpg7zet o4
ZWEEE LW TIRREEEAR AR L O L EM THRMFE FIEEZIRE L T D, B
BV HIE TR 38T BANVELA 7 — SO ELHE & BRER 2 /e IR 1w L,
P —RIEW S HEE L= UIHI AR IS SN TIRRE 2 M L T\ 5. HRohnTiic 4k
UEn R LT, THEFE, T HEMZE, TEXE, OOV IREIOD 4 FEEO RE % 5t
B LT TEE, OWNVIRE 255 E LEZEMLEMtREFIEEZBREL, 0
HHMEE EBRINORL TN D.

B1ETIE, TIEHEMEINOREEMESZ0H L, RFEOBMEZRLTND.

W2ETIE, AL HMRT D L THNEL R B FEEAMH L T D. Fi2, L
HRBOBRAREER EO7-oI2 koo Vm EEREEHR 0 28 <F 5o Azt T 5
(Bl 2T %] &, HEEOIHIAR ) D O IRE) 2 /0 72 W EHR R TR s
THOO [BEpHELBE Y — Y 2 BROFHTIE 282 L TW5D.

BIETIE, MIEROZOOFEBEBELINT VI 2 L—F HOWHFE L AT A
AL CTWa.

WAETIE, T - £2%0 EhEER O —RIEW S UIHI AR 2 HEET D FiEE R
L, RUNEXy TOEEBANARETHD Z L E2ERMICHLNIZL TV D.

FHETIY, TEMZEERAIE LT, K250 fiioHEE OIHI & O —BES i 2 Bl
THIET, TEHEEZBIGEIRMTELZEERL TN,

HBeETIE, x e y FmoOHEOHI AR Z BT U Z VT v Trd 5 2
ET, FUNHEDORBEZRMTEDLZ LEZRLTND.

BTETIE, BEOBIEEBE Y — ) 2 BRMOHTEZIRE L, TlioHEEuIHE]
AL OO R E) & Rl RS &2 FREE RS BRI TE 5 2 L 2R LTV 5.

58 FETIX, VNN IRENC )T 2 % E Eh AL R E ik & LT, Az e
HREL 2 R 2 IR S 22 W N T2 R LT D, Al in T.526R s X OVRE R fedek —~
TAAMTY I 2 b—HFITL-T, 20O JEIEEER N E U 5 Efhnlisign 2
EEER S L 72 5 2 & 2 EBRID OSBRI LTV A,

O EIIAIE CEH LN BURAZMREAEE L, INTAREE R TFER X O @ TR
ETIECBT 5% DORLIZHONTHN, FimzikxTnb

-35.




WLBEEDEE

WS %5 4369 & K 4 L

AOCEAHYE . A BERBRTHeRER () fil A

AlEE  BIERRATHR mE(rs) HE #z

B2 EFE 2R A % (%) B A

BERDBRFWER B E(T%)  &F B

T (L) . & & (%) /N HlfE B 42 Y o 5207 &6 3K & 313 TRealtime Monitoring and  Stability
Diagnosis of Cutting Process by Applying Disturbance Observer (M ELA 7 ¥ — % S H L728IHI 7 v &
A DERFHEER & LEMEDZH) | EEL, 9\mNLER I TV D,

B TAERI L, BE 7 v 77T 22 K0 Ak S av 7z T RN 3 28 EME O EI2 R,
MIRESMLRERT - EmE->TVD, —HF T, ML ek 20HEIC LY, INTHIZATH
DHEE TN T 5 Z EAREEE 700 | AR REBRMFIEORERRDLN TS, Zh
FCILAINE et o3 & O T bk % 7 BN FIESC L EIN LR TR FEDREINTZH DD,
BT HROHERFE B O 0 b FEABIZE 2 B30 70\, & 2 CARGRSCOFEE 1T, BB TAEHH
OB P4 U2 RIS K LT AN 7e e o2 B & LW R BES LT 1E R LR EMN
THRUERIEFEZRE L, TOAAMEEZH LML TS, BARIIZITHIE T2 BT 240047
W= SOIELHEE R & TAEMBHIERICISH L, =R E#® O HEE Lo OIHIAfrc S & T A
BEFE, TEM@EZE, TEXE, OOV IREIOBRM FEZREL, TnENEBEICRMmTEs2L%
RLTWD, o, VNV IREIZ XIS L LT ZEM LEEREFELFRBE L, TOFHAEEZRLT
W5,

FLEIIFmTHY, LI oRE & MESEZHII L, AMFRO B Z BT 5,

52 W TIL, AR 5 LT L 2 o AR L T\ D, o, TEXBE ORI
FEEEM LD 72012 W oe il L& REHE D IZEIKE S OAEZ MM T 2 BT 2 L7 412 ) &
HEEGIHI AT B OOV Y IREh 2 /D 70 WEHREIE CRAETT 2 72 O TR BNV BUE & B8 7 — U =28 i
OOFHFIE] ZREL TN D,

HI3ETIE, MTEREBLNTY I 2 =2 HOWSHEY 2T 2EHAL T3,

94 E T, El - Ak BhEER O —RIEWR S UIEIAR A HEE T S5 FiEEA R L, RULE
H o TOBEFERAMPAIRETH D Z L 2RI HMNIZ LTV 5D,

%5 W TIL, LEMEEERLEL T, 4250 @hoHE DRI AR O—FMaEA2 BRI 52 & T,
THEEZ FINEICRAMTEDLZ 2R LTND,

%6 ETIX, x Fm Ly HFoHEDEI AN T X LT 4 VA T T 52 LT, RUL
HEDRBERAMTEDLZ LERL TN,

FTETIE, BEOBIE L BE) 7 — ) 2 ZBHWO M FIELRE L. FoHEE DI AR5 OO
D PRE) & R IRE) 2 R ERERN TE S5 2 L AR LT D,

%8 ETIL, OV IRENC X 2 2 E EMhEfR (R E ik & LT, ML HIZ e AR 4 12
P> LN TRZM T EEZREZ L TV 5, MmN TR LW ER 7 74 AT 21—
2L - T, BB OO B BOER 234 U 5 FHEIRAEN 28 EflEis i & 72 5 2 & 2 FamAYho
FERIIZ R L T 5,

%9 EIIARRMILOMIMm TH Y, HBONTRERIE L, SERDOEEIZHONTIRNTND,

UL BB 21T, Ramstd, izt o2 v g 2 &7 < —R i b BE I REE 4
TOFEBIONLENLEHFEZRET 2 FIEZRE LD THY | AFE LFESBHIZBWTLY
by LR EFSGTLLE AR, Lo T, KX OFEL I L (%) OF a2 58k
NHHHLDERDD,

_36_




Thesis Abstract

Registrati Mohd Aizuddin Bi
egistration “ROU” No.4370 Name Wan Mo 1izuddin Bin Wan
Number Mohamad

Thesis Title

Theoretical studies on device structure and material design for high performance graphene
nanoribbon devices and interconnects towards future LSI applications

Recently found in 2004, graphene is a two-dimensional material consisting of carbon atoms being bonded in
a honeycomb lattice structure. Its exceptional electrical and thermal properties such as high carrier mobility and
high breakdown current make graphene a highly promising candidate to replace silicon and cupper for future
electronics application including in electron device and interconnect technologies in LSIs. Although there are
advancements in the development of graphene devices and interconnects, there are critical issues that need to be
solved in order to realize such applications. To date no solution is being realized to solve the issue of graphene
device having no bandgap without having to compromise the high speed performance of the device. In
interconnects, edge scattering leads to high resistivity graphene nanoribbon (GNR) wire while doping such as by
intercalation can reduce its resistivity. However the stability of intercalated GNR interconnects has not been
studied systematically. Accordingly, the main objective of this thesis is to provide solution to these crucial issues
by theoretically studying the feasibility of graphene structural modification both in graphene electron devices and
interconnects. A novel Graphene Field Effect Transistor (GFET) structure is proposed in which high velocity
property enhancement and bandgap opening are possible. The feasibility of intercalated GNR interconnects is also
investigated by simulating its stability for the first time. The estimation can provide a guideline to achieve stable
intercalated GNR structures for low resistivity interconnect applications.

Chapter 1 provides the general background of current LSI technologies and summarizes the issues of
conventional silicon FETs and copper interconnects, and the objectives of this study.

Chapter 2 describes the theoretical framework that is used in this study which consists of Monte Carlo,
ab-initio and molecular dynamics simulation methods.

In Chapter 3, in order to enhance the high speed performance of GFET, a new structure of GFET, a
Modulation Channel Width-GFET (MCW-GFET), is proposed where the channel is locally modulated by
narrowing the width. A Monte Carlo device simulation method is used to simulate electron transport and electrical
properties of MCW-GFETs. The electron mean velocity profile shows an abrupt increase near the source side of
the channel where the electric field becomes very high, which is because the channel width is narrowed. This
leads to a 54% and 30% faster local transit time in bilayer and monolayer graphene channel, respectively.

In Chapter 4, an advanced structure of MCW-GFET is proposed by introducing GNR stripes at the
modulated region in order to enable a bandgap opening and enhance its high speed properties. The bandgap
opening in GNR is calculated using ab-initio method while device simulation is run using Monte Carlo device
simulation. The velocity of the MCW-GFET is comparable to of a conventional GFET despite having a 100 meV
bandgap opening. When compared to of an InP-based High Electron Mobility Transistors with the same channel
length, a 100-nm-long channel MCW-GFET has approximately 1/3 shorter transit time.

Chapter 5 describes the study of intercalated GNR interconnect stability. Calculation is done using ab-initio
and molecular dynamics methods. In both calculations, it is found that there is a width dependency to the stability
of the GNR. The results also suggest that there is an optimum intercalation ratio.

Chapter 6 is the conclusion and the future perspectives of this thesis.
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B TR i O RRERER TR T T, FIHIREIC K VI T 32 — Ok 732 — L OFE R AR S 1,
[RACI] EWVWIRREET— RPINDD Z & THA R 2RI/ F — U NEBITEX L Z LRI TN
L. ZDOXI e~ A 7 a R =3RRI RO REDLOETIC Lo THREA LB L, ooty
FEFE L CORREMEDNRIZE S TN D.

B 5 ETIE, A THLNMEANRIESN, @of~ b 7 2T OO REREIC L 5~
A 7 a G — RO E AR ORIBER RSN TN D.

PLEEF AT, RGwSCTIE, MRS 2 28RS L o> TRk~ A 7 m X2 —
DRI T 5 & &b, ZONFME~DIGHDATREMEZ R L, Hilo/2/X42 — AN & L
TOEHZLEZ TS, 2O, fMaaRETB IO 7 e 2 TRz, T
b, TR EFEHETHLEZANDRLI RN, koT, K XDELIIH L (L) O A2% T HE
BPRHDHHEDERDD.
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WEES 554410 & K 4 VEIRE KRR

Eim X EH
NRTIA LA TFe— U r—F T H2FHA LT
U VDO EAMAL RS BE T D AL

AFGET T V0 M K DT = — 0 T —F o TR AR D O U FEDBRA LML RS D
B & E DR T 2 A 235 Z L2 HIE LTS,

IR — IRSERE AN TARE ) T OB ETOT D b EERFEEDO—2oTh b, — NI RE —IRFE
FEAIIHEORINEER E ) LadfiEd 5 2 LIc L R aNn5, —h, AL 7 4 VEAIZBWT
TR BTN D T == U 4 —F L THEIC RO L, TV BN B-& R U RBifgEs 41
T 4 ORI Z LT, OIS S Z LK BBICRAHE LA BEI ST 5 Z LN TE

5. ZOMEERIFT 5 2 LI X 0 BE ARG/ A E COROMEEFTREL 70 B8, T=— Ut
—X T DD LD BRREREARESSUOSITHA LTcliE 307, £2C, F=—r U r—F
7 25N LToABEE U I1T 28T LWIERD R FE — IRFERE A EENED R & & ORUSHERRV 2
9L L CTHIZEEA T o T2, AR TR T V0 Mz V- o OB L B
ISEBPR L, EORIGERWAD Z LI LY HEBREKZ b obkx bEWE ARk LTz,

F7 110-7 = F 2 b U VRN R S O/RT U AEERE L L CTHW T 7 At VB
&X%7W&V%ﬁ%ﬁﬁ%o1n9iykﬁméﬁék\ﬂéﬁké%ﬁéﬁﬂﬁméﬁb\i
FERINTREIERER S ) TN T L~ N7 T T 4 =X D ERAICHBECE A Z LA R LT,
F 72 BRI IR & ORI B DRt D, ARSI YHIOHEEE Y = — T 4 —F
VURRECHEIT L QD 2 & ANt AR A1,

WIZ, BRIRT Vo AN & R T Vo AL A S Rk A 72 Ln-Y T DF == —F
TR DAL VRIS EAT o T21%. Al A W2 KSBUSINBOSEAT 5 TR LD . fafiERk
WM~ EAT ST, RNTEEZHNS Z & i@W%?w&/%ﬁﬁyﬁmA%ﬁyf%éLmy
T %, RIETHET T a[430] /) FUBERIAEET B T ENFRRIC e o T, S BT, v ae
TN E OV U bIRE Y 7 n[330]4 7 X EksE b ALAINE DIV, £ SRR
FEOF == U4 —F 0 T ERDIERER T 2 A D HERIEEMOER bR LTz,

FIARSUSISFEBRIRPNER T V2 AL & 36 L ORI 7 Vo A2 O S Dk x 72 Ln-v =iz
BEATRETHH Z LA L, 7 uU X oBLOY o ) DUk a 5, BRI =BT
W AL A S OV DBV EEOS SRRSO T T L, HERERWZ 5272, 36
2T AR T T D ARDIEARERKE B ORILKR TH LT RZ % RROSEFIFLT 1,12
TR T TRETAE LT,

BRICE) D =X LB A bR T U MEEAE S U CHWEEEAIC L, [FRE
DBAVENAVEIEDEIT U, B4 72 Ln-Pm ASEMFRETHH Z L 2 R L~ £/, BRI
BT N AL R B OV DEALEMHESOSIZIBN T, AR R E ) D — A UL
FERAWDZ LIZL Y KRFEEAEG~E BT Z L2 akE L,
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WXBEENDEER

WEE T % 4410 = K % VEIRE RER

AMCEAMEYSE . A B2 EFE 2R A % it (5 HA L

e B HEFR BN AR B+ TH FF

B HEF BN PRI B+ W il

BEEBAOHEEE T (T R E—

RGN M R EW M

b () EL (B ERRESERMOPAGEE R UL, [NV A LA TF = —
VA —F T EFH LY = CEORCEMACEOSIZ BT 58] EE L. TR, Aim 4 T G,
BIOERHEIL VBRI TS,

RS — IRBRE LA T OB EER T R DEEREEO—2>ThH D, R RFE —RHE
EAITEEOREMSEE S L2EiE+T 2 2 LIck g sns, —h., AL 74 VEAIZBWT
IS HBENTNDTF =— 2 U+ —F 2 T B W TE, 7 V&R B-t R NiBEE 4L
T A DIEAERY KT Z LT, R CHEET D Z el SR NIREFHE EEBEIT DL Z LICK VK
WO & BTe DIRE EA~BENTEX 5, ZOMEEZRIAT 5 Z LI X 0 HREWEDR & O UGTENE
IANIE S IR D IRE L CTOMEENTREL DN, 20X I RF =—r U —F U T ORKE%
BAREARSSICRIH LS 3D 7, 22 C, == Usr—F 0 7 BEH LA RIS
B LWER D IR — R ERE AL OB & Z O RSHERIEIA 2 B9 L L CIFIE 1T > 72, ABF
TRV TERII/NT VU Mtz AV ie V= VHOBE R RIS ZBRR L, TOKGE WD
IR HEBRERE b OFA bW E AR LT,

FiiCld, Fo—r U —F 0 7RI LR ) ~ =8GOl 2R L, T05 UG OFE
Bz ONWTIRRD L E BT, Fo— 2 U —F 0 THECHEITT 2 LB S W D ARG O f
BEA BSOS EI1T D H AMEICOWTRRTWD, o, 2R OMBEISICE T 2 & HIT e A L
<, FEMZRSOSHEICBIT DA ANME L SN TND Z LIZ OV TR TN 5D,

B1ETIE, L10-7 =F v ba U VB2 o/ T DU AERZ L S L CTHY, 7 X
T UBERIMT A M A L O Ln-Y s LRSS S L HEBRIEA YA ERIRAIIC R
T5HIEHIBRNTND, TORISIZEIT D FEMDIL, BOSESW AR ) W TNV T h7nm
Y NI TT7 4 —TCRETDZLICKVERICHBECE 5 2 L 2T\ D, F - KRR ER
72 E ORISR T 2R D ARG LHIOHEEBR Y F = — > 7 4 —% 0 T T T L <
Wb EERET HRER AT,

2T, BBRT AT UL E R T VI LA DR b oA TR - DF = — T
—X 27 R D BRACERMACS E 1T - T2t%. BB LB & 2 A W 2 KBRS Z21TH Z &I X
D BT E R ~DERE AT S TS RIZ OV TR RTINS, AFEEZRATL Z LI X VNE T V7
VIR 7 muanF Rt ThD IV, ST DT u[43.0]/ UK AR RE
ol EBHIT, v uXrT UM AE LOYZUNLIE, BV u[33.0]4 7 2 EKE Bk
BYINERTEDLZ L HLBRRTND, £ REHE EICHE = MREL L ALAHON T EICEHRIR
FELALEMEHNESGETH, BIE T 5BR(EBMALAERI B EOND Z & 2R TN D,

53Tl ABUSOIEBIRNER 7 VA7 L BAL & RS T VA U 2 b SRk 72 4n-Y
WCHHEAMETHY, WIS THv7uv o Blovn ) DU ERNEoN, Z L 2R~ TH
%o FEBRAIR =BT N LR O Y = OBRAGEMALS B ARAICETT L, HERARY L
HxTe, BT RRET T U U HDOERERE D ORILKFETHDL T 0 A k| KL%
HLTL12-= I 7TTRTARTEDLZ LICONTHRRTND,

BAETIE, BV TV —FFH VU VBT 52 S D8N T U AEREAEE L L THWZEAIC
b, FAEOBRACEM LIS EIT L, B2 2 In-U = U ICHEAFRETH D Z L 2TV 5, £7-.
IEBRIRINEL T L r i Z b oY = OBALRMALRISICRB W T, eRE R e Y Or — 4 F Y
VB FERWAZ LICE D, RFEEZAFRIG~EREBATESLZ W LNIZ LTV D,

DL b, ARBFZCRERIE. T U A L A F = — 2 W —F L TR AR S P OB 5
AV SO 2 48 5 B o A UL O BIS ICE B8 LW R 28848 U7, ERRofrsealc i, Aie
BALF B O R 72 DT HBMEFE T ORBIZEM L, BF EHSGT DL ABRDR R0,

Lo T, RiproFEFE I L (FI%) ORI E2Z T ERNLDHHD LR D,
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WEES 54411 & K 4 (A 1ERH

Fim CEH
Indoor Positioning System Utilizing Mobile Device with Built-in Wireless Communication Module
and Sensor
(BHE Y 2 — VRO B AR 2 TG L7 BNHIGL S 2T 4)

U4, GPS(Global positioning system)7 /31 A DN STz A~ — 7 4 L SoBEHT ERah O K12
£V, GPS Z{EH Lickkx ZeffEfE M — EADMRIEE LTINS, L LG, GPSIE, EN
BRERIZI\UNT GPS 73 ADNEZHEE T2 2 & MRS W ) BN 5. BNEREL I D7
EEHRY—E R L UL, KRR NI DR RN — B A & RS TN BT
HVEEENBEE Y — C RZOEBRNIE SN TWS, 22T, FaslcBn Ty, KERENER
Bz HArETEHRY— AR O I M C, RREEEHE rTRe/ e~ = — L (WLAN,
RFID) & & Y5731 R &NjE LTk 2 iG] LTRSS AT A48 LT,

1T, ABEOEES LOEPICOW TR 5. 2 LT, #EmAREIEH Lo BRIGL A
T LERIET D4, HET HAETFRY— B AOTERMARE 2 M OIS 5.

2 FCIE, BN AT AOBFEI BT DiENE 2 HET 5. £ L C eI HM0ER
W —E A LT, BFORNIINL Y AT A% FEE T DBROMBEI IOV Tl 5. RN
—BERELTL, VAT AEROIKa R ML @R ERM OSSRt snD. £2C, 7
7 ARA v MAP)DORKEMIRZ E < LT, 2y AT LAEFEATHEZ: WLAN BRI >
AT L&Y 5. LT, WLAN BRI S 2T A O EREERIN. 2 45 k4 3 &
KN4 FETRET D.

BETHOEEEMNEEHY— 2L LT, /B2 U7 (20m ) L~V CIEE BN
BRI, XoT, BRNENLY AT A& EEBNMNEFHEY—E A
FEAT HEOFRMEIL, VAT AEEOK A MBS, 22T, FHixDkk
R % R 5272 RFID LY AT L& 5 B CTHRET S

3T/ N4 TTIX, AX—A72 AP FLE D WLAN BENHIN. S AT LA TCASY— K7 3 U %
RFE L7 — B AR B 2 @RI 5 %, BINRRZEDHER L 725 — e AFHE DA
RE SRR EZHEE L O EFRER NMREIHRKET VEZRET H. W, AMEEIHRKOHE
T DM HONTIE, Av— F 7 3 U WEMERZ S THIET S, 5w /LTF IR
72— JICER LT HINERZE AR T 5 %, 2 DO B ET(2.4GHz, 5.2GHZ) DIE 5 %
R LN TR ERET D, L0, REELOGERRICBT 2UMERICELY, BE
J7AD3, A/x— A7 AP BLE IR (9m) & i kS EE I (Root-means-square error : 2.11m) D[] 37
BERT D EEHER L.

5 T ClL, HERTERLICNE FTRE 72/ VI RFID €3 = —/1(24 x 57 x 4 mm) % B %35 . RFID
TV a—/LOBEHREL LTIE, Ny T X TN =K —RE, T 7T 4 7 X THERE, K
HRHSREN B 5. Z LT, RFID &Y 2 — /L OLHEREA1E T % RFID JIfi7 > AT A AR
T 5. BETHNICBTDHMERICE Y, REVAT AN, FREMREZAETHY,
OVEEB OIEET Y 7 0mM)ZHIN. FREL 70D Z L HER L7-.

6 ETIL, 2EEMND B EARIELIAAES LS BOEIC OV TR S,
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WXBECEE

WEE T 84411 & K 4 (A 1B

AMCEAMEYNE . A B2 EFE RN A % (7)) K

AlEE  BIERRARTHR T TEWE e
BE ESSER A% () #HE A
BE SRR A% () mE SR

2+ (I%) , L (%) , IUREHEBRTEOPARERGHE L, [Indoor Positioning System
Utilizing Mobile Device with Built—in Wireless Communication Module and Sensor (ZEHEE
2 — VRO P NEEER IR ZIEH LICERNIGE S AT A) ) L, 26 ELREK I TH
5.

T, GPS (Global Positioning System) 7 /34 AN I ALTZ A~ — K 7 4 O ERE O &
WLV, GPS ZIEH L7okix I E B R — AR STV D, BRNREICE T D ETER
P— B R E LCIE, KEFERGEMENICE T 2REEN T — B 2RO RHERLE THNIZR T H1EE
B EEHY—ERAEOEBNEFIN TS, LrL, GPSIZiE, BNERE CIIALEHEE 1IN
HEWOMERDD.

AFRHICTIE, KEWRNREEICE T 2AEE T — RO ETICmIT ¢, BHEETEY 2 —
/b (WLAN : Wireless Local Area Network, RFID : Radio Frequency Identification) & &
TNA AN L TR RIS LIEENRNL Y AT LA E2REL TV 5.

B1EITFRTHY, AFEOE R, WOICAHEOH L EREZIBITWD. LT, HEm
KEWEH LTZERNRINL S AT AOBFIZHIT T, BET A EFRYT— A DB RAARZ ML L,
(L LTV 5.

2 BT, BN AT AOBFEICET OMAENAEZRE LTS, 2L T, BETS
PrEF R —E XK LT, BEFORNHIN S AT A% 3T DEEOEIZ OV TR TN S,
REEENT—ERL, VAT MEEOK T X M @ ERIN oM A fFShD. 22T, 77
BARA N (AP) OREMFEZ RS LT, 2 A7 MEEATREZ: WLAN ENHIGL S 2T LA
EERAL TS,

¥ 3 BT, BiZe AP FLE D WLAN BNHIN. S AT A TA~— 7 % » 235 LIz — 27
3 2 SRS RN T B 728, BNZREZEOER & 72 % Y — & AR 3 O NREE )8 5% % HEE e OVl
EFTRBR AR ENERET VEAREL TV D, BEANKENBLET LV EZ AW S 2T AT,
MNEENBIDOIAET 5 L% A~— b7+ CNEMIER 2 o TRIE L, 2O HMIER & RZEAN
WEINERETNVERNTELHET S, ERELOHEREICBIT A2UMERICE Y, 225K
2%, Bi7e AP ECEMIE (6m) TrifGEHIN. (B FRESEARRA © 1.94m) ZERT HZ 2R
Tn5%.

W A4ETIE, B3 ETERELEZ WLAN BRNHEIN. S AT ACBW T L FRAT 2 — V0 7T
K3 2 AR A2 RIS 2 72, 2 DOJE S (2.4GHz, 5.2GHz) D5 ZIEH LI fIfi v A7
AERELTCND. T LT, SEEICBURNIERICED, BEV AT AN, Bi7e AP ELE G

(Om) CEMEERIN. (H R EEPETIREA: 2.11m) ZERT 52 2R/ LT 5D.

W5 ETIE, HEEEICEATRE// N RFID £ = —/L (24 mm x 57 mm x 4 mm) DBAFEIZD
WTHIE LTS, RFID Y2 — VOBEMKEICIE, Ny v 7 X700 —2—iE, 77747
X JTHSRE, FEHUBHERENHDH. Z1D RFID &Y 2 —/VORIREMEAZTEHNT 5, HEixEHEN R
72 RFID LS AT AEBEL T D, RS THNICKT 2N ERICE D, $BEY 2T AN,
FEBEOIEETY T (20mx20m) ZHINZA[HE/R Z & AR LTV D.

FHoEIIMMTHY, KX THEONMREEEZRIEL TS,

DLk, KimXoEFEL, ®EEEEETY =2—/ (WLAN, RFID) L& % T34 22N LT7-#
WK EZIEH LIZBANRIN. S AT AR L, TOEMEZHONCILTEY, T%E, TEERH
53 2L ZA00 R0, LoT, R OFEZ I L (L) OF 22T 58P HLHD &
D 5.
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T Em L E B
Game Theoretical Models on Networks and Discrete Structures
(% NT—2 EDOAF— RNEERIITT L & B

K LTI, BB Ry NU—J TN E~w—X 0 T HF—LE0H 200%y NU—27 (7
Z77) EOETNMICONWTELET S, ZNHOET VI — A mMN R AmE - TEY,
BEOT VLAY —DEIEEEZ DNEND D20, — RO H RIS TR A E M4
22007, L L, BEBECEOME S RE( O OMIXET VAT 5 5 2T
FHEFIZAFHTHS.

BEl Ry NI —7 BT MEIREFEFODHETLILHMONTWHIREY YT TET LD
JEETH Y, il aA b L7=ET Vv CThHDH. T, KL TIX Hatfield 52328 L7z
T VA, RIFEOEG|Z RME CTEEIT) EWHIRNEE XD Z LN TE D L HIHE
L, FNABERENT &V D FEEZ W T 5.

Hatfield & 138 EEROBRE DR EZ AT 201X, BMAYENGET L2 L E2R
L7, Z OFERITEEBIARNT 2 DO TICFEH N 2 STV D, TSR LAR LTI, &
REMENE MEMEESEMTHD 2 2L, BEECRIT 2R L CefBito s & To
AL OFIEARET 5. S 61T, BEHHEMmE 7 MDD REEE D2 & 2R
FEATIZ B 2 IR EH A FIH L CRT. BFET L & BESCAENT OFMER B 2 & 13 LLAT
NHHLNTWAER, WG %y MU —7 T VBT O FEZEH L 0D &0 )
X, AETIERVEH LWL D THS.

Tz, BEIRy b= ETNMCEBIT DLEEMEICONTHEREITH. &IV Z2 T
PRI FITIBWNT, 7 A—TZENM, HELEMEN & IO EMEEFEMTHL Z &
AEAT 5. £, wEM EHAHEOMIIIAMER X Y v TBFEET D Z & bR,

V=X T =T 2ANDT VA =TT T FEOTESRERAIC~—7 L TN F—2A
T, =LY EMHIN D HREO ERFHEO 72012 Zhu il L > TEA SN, ~—F
T = NCBWTCEREFULBIZR DA a7 OR/MEZ T —2 07— U T EREY, Z0OfE
T — A D FREH 2TV,

WS OMWDYT T ADYT T ZIZONWTUNIT =0T =V T HOMENHEE L TV DHR,
W7 77D —LHT7—0  TEOMEIE 17T LT EWS Z L Lo TWeW., Kin
TIx, V9 70NEEHIBLEERm ST 70 —00 55— o P EEFNT 5. 7570
HOMIEICERT D E, WEN AU LEOYmIZ 7707 —2 07—V 78N 13 LLFT
HDHZLEIFHTES., £, WEN 4L, U LEOYHE ST 7D —2hT7—1 7
NENZENTLLE, 6LLEICRD Z & HRT.
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WXBEENDEER

wEE S 4412 5 K 4 Bo B

AMCEAMEYNE . A B2 HEF BN AR B+ HAT B

Rl oY NG =6 B+ iGN

oY NG T ¥y K&

BE SRR A% () bk g

T (T5) &+ (FR5R) B OB B e H O A7 i EE R 3L TGame Theoretical Models on Networks
and Discrete Structures (fv FNU—7 FOF —LAHEBTET /L CBESREE) ] LEL, £4F= L
DRERR STV D,

AR T, B et REbomBRe@mA L, B5lxy NI—JET NV E~—F T
—ALEWVW) 200Ky NT—7 EOFET VO 21T-> T 5D,

1 ETIIAGRL T D 2 5OFT MIHET 2 Y mOEFOR RN RR5n D, F2ET
X, 77 7HER O LS OB, 5 3 T T & Ao DBERARAT & BB O S S O
MEITHo TS,

EIETIIEGI Ry NT—ZFFNAEMT LTS, BBl Ry hU—7EFF VT, BES YT~
TRENL P — LD 2T T T ETERINDETNDO AT T 7 ~OIEETH Y | F =i
ERANLTZHDOTHD, ZOETMIBNTE, LAY —%2THRERL L, FWEIZT7ED T
LEWFE~OFRILE LT, ZOET/MIKT HBFANZEE LT, FIEHTHB W T 1 DO Sy
W 1AL LA WV E W) BT ABRR SN, RO GFESEN/RIN TS, L LAFE
DA o3 2 RN © A X ENEN L AL Z 228702 ID 2F VIRV | (RABRIZ R D
e LTl s L7, [A— Rl & WV o BFIRBLAZET V& LTEBTHZ LN TE R,
ABEOERRL, BEBCIRNT &0 5 BeEinE BE RIS 5 2 & T FEENCB W TR O R A 45 %
[k CHEEEAR Z D X IR L8 THh D, AETIE, TN & VO BRFF2N M
BEREL, ZHDEEBBEFENIMEE CHLEMEMME L SEMTHDE Z L 2R LTS, ZTeft
BED T CIIBE T 2RI CE D2 2 L 2 B%T 5, &7 LA Y — OB N EREMEZ -3 72
DI, BRI DFET D 2 & BB IS~ MV AERPREEZ KT 2 & ZFE LT
W5, BRI SR T A EE T AME TH D08, LEME & W ) TR 2 MR A BN LT
EATo TN D, —RICHSENI L EMEZ =30, BEEEH TR bV EligE~7 hLD
FLIEBER M L1372 57, 2REBMEO T T, ZERLON LMY M ETEETTH721T
THPBWRFOND Z L ZEA L, £ ZOETIEIZB W TEEFO 1 BALE TV &AL T
JVTCIIAMZRENRBND Z 2R LTS, SHICEEMEL Y LWV L5V EE Th 5507
N—TREMEBHZEME L V) 2FEOMEEZBE L TWD, 2hb SFEEOLZEEOBEEIT—iX
FUZIZEAL TIE R0, 2RO FTIRT_XCTEME 72D Z EZFEH LTV 5,

BABRCTIEI~Y—F I — LD 21T T D, ~—F TP —ATIEHT 77 G & HRHK
NEZH, 2 ANDT VLA Y—NE256N7GCOHEAEZRZRAIL~Y—7fT LTV F—ALThHoD,
TES & ~— 7 (1T L7ZBRIC, ZOTES O TR~ — 7 T SN TWATEAS+ 1 2 Z DTEA D
AT LD, RRATT KT TH D L ERFNHBHT 5. G OF =L 7=V » 7 HE LT
BN & 5 Kk OR/ME L EHRT 5, BODDY T T2 FRTONTHE, F—bhT—) v
TEPHEE L TWAEDR, FIZIEER T T 72O TIL L TUTE WD Z & L T, Z
FiX, 77 70OREENIREEICER L, WERALLEDOYH 7 7 707 — L7 — 0 U781
SUTTHAIZEZFFA L, NEN4AUELE S EDOYHE T T 71250 TDF—2 05—
YITBITERERTUEE 6L EICR D E bR LT,

Pk, #2200 — LAHGHRITT S LTl R R E2 5 2 TR0 | BESEFR X O
BEFIIBWTHEEGT DL 2AMDRLIRN, Lo T, K LoFEH I F%) O 2%T)
LEMNHDH LD ERDD,
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2 H 254413 5 K 4 IRy FEA

DNA > U =7 A7 i i K ONa i % 58 O Ot 2B 4%

L TN IERIC IS S ERHLER~OWIFE L L bio, TNaE X2 2N E LTH I/ RT
DNA > —7 U REH &N TWD, T/ RT v—r ik, AMEVINGES 2 88 /) & LT DNA
Z EAE nm O FLICIEIE S W72 b A A BRI £ 0 EEES A NRER G A T Th D, K
FEODNA YV TN ENB LT HBITO— 7 o L DNA —4F 255 L LT, 221,
2B TSN ARE L 72 0 . K& 2B L RIAEN TN D,

T RT = BN T, @R ARG 2 EE T 5 72 DI, @i Of# b &2 E
{EARD HAILTWD, DNA 7 / RTIZ5I ZATEREN )1 & LT AT WEOESL O 72 5T
T RTEEO B NFRREICHGT 5 2 ENTIRIILD D, T ORME % & B0 PR U s B E
WIEAT 2R AT N ETICHRE SN TRV, ZTO7H2iE, T/ R 7 EBERT - E% O DNA
DICRERLZIUTIEKAF LT R U 7 M ESE) S EBOEBI OB S A O T 20 ERN D 5, Br DA 4
VEHESLIFIREIZ L - CTF /R T7 @il pitk 2 &1 DNA BiR¥EhZ2 B8R T R H3dH D
DN, WEEE SN DHZEM - REE S RRE A 7o L2 B O FFNI R, ZOX D RO E EARFH LT
%, T AR T EEE, 72 5 ONZ@iE% O DNA 21 VIEEL & 22 E O BN 242 72 100 nm, 100
us DZEf - B D fRE 2 AT D N FMBIETIEZHR L, TOBMEEIEZE I 2> T0n5, &5
2T AR TR OEGITER K T 2 FEERY 7 DNA @il ZEh % L LT\ 5,

BLREIIFRTHY ., T/ RT = OIS R, R 2 A7 OFEE & EERLIRE A H
D FIEZOWTHB LT\ D, T/ RT v —r U FEBUC T 7R & BRI L, AR B %
TS,

B2ETIK, T/ AT E ZOEHIZE T 5 EBREEEROIENFEE DNA XA 7 AZD
WTHERL LT D,

% 3 FETIL, ABFECREH T 2 86 DNA BB R—F A2 U a U, 73 5 DN KRRk E
EEBRTIEOMEZFHL TV D,

554 T I, mZER MRS - & SIN B2 A2 EBLT 572D DEN AR > F DT IEIC DN TR
TW5, 2Rt e LTHRT 2 &ck . ) ar BT 5EWEITR - I=EK
ZIENLT 100 nm ARy FOFRE &S EZ B OEBNAETH D = & &, BRI L DNA -
JART I E 7)== MEFRHICEIV /RL TS,

5955 B CIL, A TR ICHEE LRI 7 4 N Wy T 4 VTV AT K ENIT L DR
HE T ORICHONW TR TN D BEHOE e — XD T 7 0 ViE# 2 AR AT A CRIET L2 L
WX VEMEMERZ B 2> T D, BT EN LA HMAEZ S &1, DNA /7 R 7 @i
BEORBEICE, 7/ RAT7TERF T TR, T/ R T EBEE O DNA EEhOERNE E
b LRt Tng,

6T TIL, /AT EEEEO DNA K, HUNEE, BEHEFEZRE L, F/ RT7TEED
IR T 5 DNA il 6B 2 i L CL 5. & 10kbp & 48 kbp & “AH{DNA OF / K7 i
W FED LD T BT EFIC I T D IRk B RE A IR L TEWDNA IR ET /&R
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Thesis Abstract
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Number “KOU” No. 4414 Name WONGPHAT]I, Mahisorn

Thesis Title
A study on gestures at a hands occupied situation for manually controlling a helping hand robot

A helping hand robot is one of the main focuses in human robot collaboration (HRC) research and has high
potential in both modern industry and daily living usages. The helping hand robot could be considered as an extra
hand that gives helps when both hands of a user are occupied by a task. A multimodal interaction between a
human and a robot is an important requirement in HRC because robots are usually working and interacting closely
with a user, it is essential to find natural and intuitive user interfaces between a user and a robot in various usage
scenarios.

From many usage scenarios and multiple interaction possibilities, this thesis studied the use of nonverbal
interaction such as hand and body gestures for controlling basic movements (forward/backward, up/down, and
left/right) of an end effector of a helping hand robot. We focused mainly on a scenario when both hands are
occupied and manually control is needed, therefore explicit gestures such as a waving hand(s) gestures cannot be
easily performed by a user.

To get an idea about the suitable natural gestures for controlling the movements of an end effector, we conducted
a pilot study with laboratory members and found that gestures those the members were asked to freely perform
vary substantially. With this cue, we (1) set up a video based experiment to survey gestures for controlling
movements of the end effector and (2) developed a real helping hand robot system for evaluating the discovered
gestures.

To allow the participants to freely use any gestures which they feel suitable, we used a guessability study
methodology for extracting gestures from the participants in the gesture surveying experiment. The experiment
showed the “effects" of gestures (a set of pre-recorded videos of an end effector movements) to participants and
asked them to think about the “causes" or gestures (e.g. tilting body) which they thought suitable and intuitive.
Although results from this methodology depend on the background and experiences of each participant, the results
led to a set of common gestures which were generic and intuitive for most participants.

By conducting the video based experiment with 19 voluntary participants, we captured and categorized 152
gestures. Our findings showed that a hand was a part of body used most often for gesture articulating even when
the participants were holding tools and objects with both hands, that gestures for a pair of opposite movements
such as up/down were consistently performed by most participants, and that the participants rarely care or aware of
using one- or two- handed gestures interchangeable. From 152 gestures, we also found that there were many
alternative gestures such as pursing lips, tilting head, and so on which could be useful for other situations such as a
use for the handicapped persons.

By using results from the gesture surveying experiment, we implemented a helping hand robot using
a small industrial robot for validating the discovered gestures. We used Microsoft Kinect sensors for
sensing user's hand, and body movements. We implemented a gesture recognition algorithm using a
state machine that checks distances of hands, arms, and body from their initial positions. The gestures
that were a combination of hand, arm, and body movements could effectively be used to control
movements of the helping hand robot by the participants.

With the implemented system, we conducted the second experiment with eight participants that
used a real robot as a helping hand for a soldering task. The results showed that the selected hand and
body gestures were easily accepted by the participants. The outcomes aligned with our expectation on
the two most performed gestures from the video based experiment. However, in the real robot
experiment, the body gestures were preferred over the hand gestures. This finding was unexpected
but helped us confirm our intuition from the pilot study and the need of the real robot system
implementation in the human robot interaction study.

Our findings could be useful as a guideline for acquiring natural gestures for controlling robots as a
complementary for the multimodal interaction with a robot in HRC.
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Anomalous dynamics of water molecules around cell membranes: Molecular dynamics simulation
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BAIE LTS, AR TIE, DR S 2 b—3 g UERIT, HIIAEE Y oS B L
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BILD. Fio, B DA M oER) & FEE S OEEN I IFEREN 5 D = Lo Tz,

WIZ, FOIE B CoKRYFOIHE « MR E, BV LR GREEE) &oa VU T BB AR
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(continuous-time random walk: CTRW) & EHEIEAZ O L 97T o X a7 (VA X) 12X~ ThR
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BT, KT OB ERANTHIRENIN O S5 Z & CHIRN O ) 23 o s X
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TS5 2 LT, FLNOT X VRO Uf @B XN, FERT Y AROHEBED®H 5K fidiEz 5
BHLTOWAZ EA2RA L.
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.73.




WLBEEDEE

HwEE S I 2f 4425 = K 4 A ket
MOCERAEYF . & Y N e () ZRA BEIR
IR P N e f#+(T5) - TeknD e R
BEEZ I HALEEAT  Ph.D. Wi B
P JE 5 AR S @) - B R B

4t (%), & (L%), WAGKEEREOFAEE KRR CIE TAnomalous dynamics of water
molecules around cell membranes: Molecular dynamics simulation study (%3 7#) /)% I = L— 3
W K DHIAEE D DK T OB XA T I 7 ZAOMEY])) LEL, Kig7 EIZL VBRI TS,

AR IMIBL DN Z 53T A AR Z X7 BEOME ZHE 2 & & I, MR - To4gR
A RIEOMEERAOTZDDRINGERME L TWDE Z 2B TWD . ARNIZIEZE K DK T
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F1EIFmTHY, RN R, B, BIEMIE, EHMEZIR TS,

F2ETIE, HEYIab—ra VTHWETIETH D50 TEINIFHEIC OV TR TV 5.

B3 W T, MBI OKSSFIZE R LTl « FHRES) OIREKF IOV TRIT 21T,
VT DK EIT R, BT R 5K 1.2 nm O FEBEN O K IIIRE 45 & OFEAEAER
IZEDREBIZLY, EEME RDIC LN T, KO TOEBORLEN L7 DKL 0 bl
FHZELERLTWD. £, T bMBRBEEE DK S FISMARBE kT LTRSS & |E WO
HENAEBEN D Z AR LTV D,

W4 ETCIE, AIRBEERE O Ky T OWHE - [FERYERBUE, EBOIEE (RETEB) =AU T BR
BT ZEEHLMNTL TS, Zb OKRGTOEBOENT NG, Z OB OJF K )3 H#e R
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L0 ZWIRIE L D7 iREE) ORERIIZAER LIENT T2 Z &1I2L 0, 2o Uf B 6 ZDREBREIR
FEDWTERFRIN T » NA T OH BRI SAI D Z & &, FIRERICESMEN S 5 Z L ITEK T
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%6 T, K1 DOIHEIRIRIITIEEAN M ER S5 2 & CTRIBRNOJE ) 253 B
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21 DORILDH D, K FITMANEZ —FNE#H R > THIWM L TWD. 77T RY CNOT X /R
D6 E LK T HBROEREZMENT 52 LT, MIILNOT I VO Uf @b ENR, FFERT Y A%
DD & 5Ky FEmE EBL TNDHZ EERLTND.

BT EIIEMTHY, A THONTREEZRIEL T 5.
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XL Wt BERT AT I 7 AOMAERLTEY, MBI DKy 7 OEENZE L CHEE /K
WA 52 T\ D, £7o, 2RO ORITEENEE & L THIL L THIHEEI 21T 72912
VB EE R RRNB L OEDPRTFR AT O AL b D EF R 5.
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WATER STRUCTURES AND THE SEPARATION EFFECT ON WATER-ALCOHOL
SOLUTIONS IN CARBON NANOTUBES UNDER THE INFLUENCE OF ELECTRIC FIELDS

Carbon nanotubes (CNTs) are promising for nanofluidic-based applications such as separation membranes
and nanopumps. However, a better understanding of the properties of water molecules in CNTs is required to
develop such kinds of CNT-based nanofluidic devices, since they can be very different from those in the bulk.
Using molecular dynamics simulations, we investigate the effects of axial electric fields on the water molecules in
CNTs. Moreover, this work investigates the effect of electric fields for separation of water—-methanol solutions and
water—ethanol solutions by CNTs. An alternative method for alcohol separation from aqueous solution is urgently
needed for production of biofuel because the separation with distillation consumes a large amount of energy.

An electric field aligns the dipole moment of water molecules parallel to the direction of the electric field.
Water molecules thus have the same orientation in the CNTs. The uniformity of the orientation then facilitates the
water molecules to build hydrogen bond network for formation of ordered structures. The structures are solid-like
structures or ice nanotubes structures. The electric field induces phase transition from liquid to solid in the CNTSs.
Although the water structures are like solid but they can flow through CNTs. Formation of the ordered structures
strengthens the hydrogen bond (or electrostatic interaction) between the water molecules. This promotes the water
structures in the CNTs to be more stable and water molecules prefer to fill CNTs. The preference of water to fill
CNTs under the influence of an electric field is an important property to produce a separation effect.

Without an electric field, methanol molecules or ethanol molecules fill the CNTs in preference to water
molecules. The preference of methanol or ethanol to occupy the CNTs over water results in a separation effect.
The van der Waals interaction of CNT—methanol or CNT—ethanol is the main factor for inducing the separation
effect without the electric field. However, the van der Waals interaction significantly decreases with the increase
of CNT diameter. Consequently, the separation effect without an electric field is strong for small CNT diameters
and significantly decreases with the increase of diameter. In contrast, under an electric field, water molecules
strongly prefer to occupy the CNTs over methanol molecules or ethanol molecules, resulting in a separation effect
for water. The electrostatic interaction within the water molecules structures is the main factor for inducing the
separation effect with an electric field. Thus, the formation of water structures in CNTs induced by an electric
field has an important role in the separation of water from methanol or ethanol. The electrostatic interaction
depends more on the molecules structures rather than the CNT diameter. As the result, the separation effect with

an electric field is stronger and does not decrease with the increase of CNT diameter.
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Thesis Abstract

Registration
Number “KOU” No.4429 Name NAZIRUL AFHAM BIN IDRIS

Thesis Title
T- and O-band Optical Communication Networks
Based on Arrayed Waveguide Gratings

Although optical communication networks conventionally utilize the C- and L-bands (1530 nm —
1625 nm), the T-band (1000 nm — 1260 nm) has recently been proposed as a possible wavelength
resource through recent developments of quantum dot (QD) tunable lasers for this frequency band. The
T-band combined with the relatively developed O-band (1260 nm — 1360 nm) offers more than 79 THz of
bandwidth, which is 7 times of the C- and L-bands combined, and would be useful in realizing
short-reach wavelength division multiplexing (WDM) networks with high capacity using simple
transmission formats. In this study, the scalability of arrayed waveguide grating (AWG), which is a key
component in WDM systems, is investigated for application in these bands. Highly scalable AWG
configurations as well as large scale WDM systems employed in the T-band are proposed and
demonstrated.

Chapter 1 summarizes the development of optical communications technologies in general, and the
prospect of T-band optical communications in particular. The research objectives are also stated.

Chapter 2 describes in detail the operating principle of AWGs as well as cyclic AWGs, and
summarizes previous works done on improving its performances. The main cause to its scalability
limitation is investigated in detail. Calculations for determining the basic parameters in T-band AWG
designing are also presented.

Chapter 3 explores the approach of engineering a standalone cyclic AWG with enhanced scalability.
Several techniques are discussed and AWGs are fabricated and evaluated as proof of concepts.

Chapter 4 investigates a WDM access network employed in the T-band using QD lasers, QD
semiconductor optical amplifiers (SOAs), and AWGs. Preliminary transmission experiments are
presented as a proof of concept, and to confirm the feasibility of T-band communication using QD active
devices.

Chapter 5 explores the approach of cascading multiple AWGs in realizing a highly scalable
wavelength router able to support the entire T- and O-bands. Transmission and wavelength routing
demonstration using QD active devices are presented as a proof concept.

Chapter 6 summarizes the results of this study and discusses unresolved issues as well as future

works to be done on realizing T-band optical communications.
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BT 4 AT VA BFEBT D201, MEE2rnT AR FE2EICT VABREL, 2 o%x D
FORES 2S5 2 EMEEIZ/R D, AWFZETIE, BEEHEME(magnetorheological, MR)Vit{A
AT BEIRIBZ L& WO EICE R LTS, MR iR 2l ) o—o ok EloHhic
SU A=A EY T I Y A= MOV A ACTEHA LB I RE 1%, TORETEE LY
IZHITZBIR L Q0D £ LT, ZORTFEEICHET 5 2 & CRfiMe Il S0 fhi% S d
B ZIETIZ/RUVRT 4 A7 LA 2B L, ZORHMEEZISNZ L TNA.

F1EIHESTHY, AWFFEOY R, FrI~A 7 v« F 7 IR & g v i=file s ¢
AT VANZOWTHIT L T4, £, BREFZEORER AR E 2, AEOER, 7RHNT
FDEFHNTHONTIRARTUNG.

%2 B CIX MR Jiefhz V=il T A7 LA ZifEL, TOREAFHMEL CD. U 2
— ALDO—FETHDHARY ¥ AF /134 (polydimethylsiloxane, PDMS)i5a45 & %
s & L7=F v > SAIE, MR IRIRZEIAL TWD. WRZHINL- & X OfilT A7 LA
ORI Z T2 & & BIS, B ~OBE S0 SREZTHE L, DA RMZI S
IZLCWA. IIAT, il T 4+ A7 LA DERT DA S O5A 2 FIEEZ X 0 filfERTEEe =
EXRBALMIZ LTV,

FIETIIMRIHARD I U A— "B H 7 I A— RV A XO5y NEA~DE AT
DONTRRTNS. FTF, IV A— Mo XD PDMS #51E0SUWE S & ZOPiE~
D MR FRARDOE ATHEZ DN TR TS, PDMS JEIRZIET B 7 0t AT A—2 Z-Hl
G, SR SN LTS, WIZ, MR IMADY 7 I U A— MLOiEi#Z, READ
PDMS |[ZIZE LB & EF A Z L2k b, MR iR EIZER: PDMS AT 5 FHEICOWT
IRARTND, RFETERIRFOEAR & MR JRiROBtmtE, 725N MR iHAORREE)S PDMS &
DGRBS 5 Z L ZIHBLMNI LTS, 512, PDMS LY iR/ ) a—r I3 a6k
FANTI U A= YA ZDOF v B L, ZOWNERIZ MR Jiiiaiiii- LIz tkic AT v
AWEEAT D L2k, MR FAZEIAT L THECOWTGRRITWS, &&IZ, Znb 3
DOOTHEEWIG LT, 8 2HWTETHENRE T 4 A7 VABYEITE L TV D Z 2R LT
4. ARFEZRG, BHEE3mm OF ¢ 27308 2 mm OEE CHHE S0/~ 5 mm O RE LA
THMET 4 AT LA ZRYEL T,

B4 FTIL, 58 W ORSIEBYWERELZ HWEYWELTZ, MR k%7 LA FTv ek
EA LTl T ¢ 27" LA OBSBIORIEZ R L QWD AT « A7 LA 1L, FERES R C
1T —DORES i R L, ETINBBEGZFIINT 5 &, BRO ARSI > ChlE SAiR ER
TEDHZ L EFERITHLMMCL, FOEMMEEZRL TN,

BEEIIFESTHY, AR OWTELNIFER L SR OEEIZ OV TR TN,
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WLBEEDEE

WEE T 26 4439 & K 4 HE #e

AMCEAMEYNE . A BERBRTHeREE mE (T =K AW

Rl oY NG =6 T PR 25

BERB AT L (WY BL LR

BERBRTHeREE  mE (T fil L

BRI AE R e (%) 7Tk WHARD

T (L5, B2 (L% ARECOERNOPAEE R SCE, ThERR R A 2 % N E B
LTeflit T 4 A7 LA ) L, SEPOHER I TV,

T S DA 2 WG E LB CEX AR T 4 A7 VA1, N—=F % L U7 U T ¢ BT Hfil
OB, EmRZHE L OB FIFOSREEA~DIGHABHFFCE 5. EfREBRERiET « 27
VA B RBTH70I21F, M EZRERT OB TEEICT VAREL, D o% 42 DB O S % ifilf#H
THIENKIEIR D, AT, BERE (magnetorheological, MR) iR 23 9~ % [ERAHZ AL
EWVWIHMHEIZEH L TWAD. MREARZZiR/ev ) a— 2 TLMEIOHRIZI U A— M6 P73
JA—=FMVOY A XTEHALLEMEIETRE %2, TORETIEE L QITHTICEE LTS, £ L
T, ZOFRTEEICEET D Z & CRMBGBEICHE S 0MfiE 2R T 5 ZNETICARWMET + A7
LA ZRR L, TORMEZHLNIZL TS,

FBLEIFmTOL, KO EER, B, ROWNCZEDOERIZOVWTIRRTND.

¥ 2ETIE, MRiIRZHWfRET 4 A7V A 23 EL, TORMEZFEL WD, ) a—
YALD—FETHDHAY AT a2 (polydimethylsiloxane, PDMS) % i & O#Zfill & L
e F ¥ UL, MRIMAZE AL TV, BIGEI LT & ZOMTET ¢ 27 LA OFEAREE
ZRHET 5 & L b, HE~OB S M2 RiEZRMEL, oA AEEZH LML TS, Iz
T, RT 4 AT LA DEIRT DTS D454 2 FIIRESHIC X0 R A e/2 Z L 2 5202 LT
5.

FIETIE, MRIIEDI Y A= bAnDHT I A— b AH A ZOR/MERA~DOE AL
WTIRRTNS, F9, I U A— hH o KO PDMS #iE O RUES 15 & Z DRE~D MR
TARDE ATFIEZ DN TR TS, PDMS FEIREZIRET 5 7' 1t AT 2 —& 2 HEaR), L5
LML TWA. KIZ, MRIHEDY 7 I U A — hvW oA XD %, REA D PDMS (2R
Lal&E BEF5Z 212X, MR A EIZER: PDMS 2T 2 FIEIZOW TR TV D, IR
FRBE O HAR & MR FEAR O8RS, 72 5 0N MR RIKOIEE S PDMS IEOIRICH BT L 2 L %
BHOEMZL TS, 512, PDMS K0 ik ) a—r I AMEHZHWTI Y A— kLA XD
F ¥ UNREE L, TDONEIZ MR Filk 207 LI-BICAT L AREHES TS Z 812XV, MR
MR EE AT D FECOWVTIHRRTN D, AFEEZHY, 5mm OMEEEZHT T T « 271
A HHYEL TV D,

FHATETIE, HIECTRINTEETIEEZACEIEL, MRIRIAZ T LA RIS MERIZE A
L7ofilie 7 ¢ A7 LA ORI Z 3 L TV 5. AR T 4« 27 LA 1%, RS T ik —o
WS 0fia R L, MBS ZFNT 5 &, GO SHIZIo TS OMNERTELI L%
FEBRNZH SN L, TOFEIMEEZRLTWND.

FEEIIMRTHY, RFRICOVTHELNIZBRLEASBROBEIZONTIHRTNS.

PLEFF 512, AR S 040 2 @G E I 2R3 2% T + A7 LA %, MR IR ZH#0ME
WA~E AT LK FRICHEE L, EBRNICEOFIMEZ R LIZHLOTHY, ~A4 7 8a )/
TESBICBWTTLEE T2 EE5THLIANDRLRN. LoT, KigXoFEH L (T
F) OFNEZTLIERN DL LD ERDD.
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WEES 554440 =5 K 4 B xR

T L E B
HERWEAT 4 T2t XA Fy RA 2T 7 2 a L ORGt

AN EarBa—20EFoF T, AMIIERICHNDZDICar Ba—X 2 HWTE T,
PRERIZIZEVEFE ETIZAS VF 72— AT T5w<o%®hwﬂ%w n~ﬁiﬁx#7
AT Ny TABE Ty ANHIA v Z T 2—A T34 ZADMERE LT N5, (AR T
H%%&%ﬁ@ﬂ@%ﬁot%@:/t;*&#E%th\:/EJ%&%¢b Li-A &
T2 — AR EITO L0 o Tn, Fla. AEEIERAT 4 TOMICA VX 7 = —ABRNET D
ZETAUTCLEIRMNRALVHA LD, 2—FORHESCHEERR EL2WVDIXZ D)
ThD,

ZTIZT, BEROBAICIH LA E 2 e — 2 ORRMEOBRGHEER NI L 70 D, BT
TEAL L TW A EEREZBEfE LT 5 2 &Ik 5 T, A%@ﬁﬁﬂgﬁm% Bk S, IR BREICE
T AR A BT S, BREBICBITAFEMEOE®REZ R BT H7-DICNBI R D DN, A &
W\E%k%/\Aﬁkﬁﬁ%bfﬂ@k74“%A/ywiotzﬁﬁ%%%woﬁétw®
BRMEAT 4T TH D,

HUMAT 4 TEEAT DL T, RAF%y RA VT I a Y BERDA V257 > a Vit
MBBAIL, BRI DHRET DEBRICE SO 2 RIS 5, Z oA E L T, R
BL7ZBRICKSE, BERENONH LTaA v ¥ T 7 v a v OREEFIENICITY 2 &N TE 5,
FRHNZIERDA 2 T 7 a B D1 & F RO 2O bR Aa 27 = — ADKRE
MEIC L COfREZRTZEICb D, BERMEAT A TEEI XA Ty RA U ET I a Dk
FHTIE. BRI FE, a Ba— 2P A T ZADFEICLDFEEDR AR THD, LLRBG,
FAXy KA ET 7 v aryOpGHEBIIARORGFICEHAINSG LD TH L0, #FitEED
EBO-DIZTm NAA 7@, BERRRGEHE BARRRGT 2 R T BB H D,

IZUDIC, HEEBE > TWDHEEZDHEDIZHOWTIHER Lz, BEIINERICRT ZESZ0

E%@@Ekbf@ﬁﬁ (G 25, RS Z B S5 2 L THROFHRILEITH, E
ZHELTAT 4 7 OHKIbE A COHKRTHRE - Rk sw 5, iz, FREoEMeEHWTRE
DA 2= —2a AT 4 T ~OEMEITH, FROJEBEZEFEZ AW CEXED IS8T 2
LT, FOMBEAZFERT S, BBIC, FEAOWTHE LN LHMNE 21T ) KE2 R FiF. &
%®EE&LT@%?4T&LT&J?6 HICL - THREICBTIIEZEE2 T L EnAD
&ﬂ%@%%ﬁ%ﬁ%%#éo::’é&t3o®§¢ﬁx747i%M%h§% ko THEN

I EATEICENI DD,

Tu MNAE T EEBLT, 2B a—F ORI L > TR SN TWERE LT B, £

FFERICL s TEAIHENEEa—~ o A T x—RE ZNE AWt a—~rar P a—X

AETIvark, JERWEAT 07 %28 LR E NEOIFERR 7280 5 4R U CHmgak L

2o BWVHLZNRE, BURO VAT AZESWTZERGRIC L > THESNTWD VAT A EHIKD

MEONTe 2 — KRB E WD AT 4 T 2FIEHY . WP L FIERORICIER S D HIKMEA T
ICE XX DRI R LT,
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WEE T 55 4440 5 K 4 B IE#R

AMCEAMEYNE . A B2 EFE RN A % (TS A kK

AT BEREJCABIE AL R

BERBRTHERSE mE(TF) il Em

BEERAR MRS (D) AR A

Pt (%), B (T%), BIFERE ORI OPAERRSTL “BEREAT 0 7205 21
v RAVET 7 a O LEL, £8EFE, (fEl1ENSR5.

BURDOZ—W A U #7 2 — A THRHA I TV DB R FHIER T 5 2 > B o — X F RO
FEBEN O 22—V E BT 272012, HIK-F /) - a o Ca—X0OBREREXTA % TF 7 a v
EFE WD, HTLOWHEREMEZ R T 5. BIAMEA T 4 7 LW 9 FRBIENC EE SV 2R B ORLS
TANETVEa—FDA U HT 7 varawfitl, EEET5.

Kt LOFERERITROBY THDH. H1ETIE, AEDRETHIFA XY RA U E T 7 g
YOI, FRICE S TEREIZOWV TR TN D, RIFZECTIRET 2 TIETIE, ABOEEEIEIC
KOV HIEIC L > THIR - WE - av Ea—XOBMGRERA L, ([KENR2—F A F T 2 —2R
ENETICAAT Y RigA v X T 7 arPAEa L Ba— DM THREE 5. il Z LTk
STERE RN EZEHBEL, ko 72mICk U THERPKMEIND A Xy R4 X T 7 a O
FECHD. BV T, WERHIE O R E NIRRT S EHA, XL AT S R R
T2 HAMNE CBERE LT L TWDHRT, BEMROS X T v aifatliroTins.

H2ETIE, FEOERERD, ba—~ AV X Tx2—A, ba—~vrarsbta—F A FT
7 va O, BLOA v X T 2 — AREFFIEICOWTHIE L TRRXTWD. £ L TAIFEDF
EEFIET D ETEEIC L ETFELHBH LR ITN 5.

BI3ETIE, AMEOIRBETHLIFERMEAT 4 TEBLIORA Ty RA X T 7 v a B L TH
EZ L, FLSSCMAINZ2 S 2R TS, FIRMEAT 0 7 TlE, AOa > Ea—X BRIk LTl
YN 2 HREMER PR T D8R E VD, A&, HlE L EliE R E CB R cfTh
NHBARE 12D, FEAVERAT 0 71X, a2 ¥ a—F ORESHEIE 5%, ML BREE-CW R H
FZKHE ST 2 b O TIER <, £ ZEEMD Z L0, fillo 72fE RO - filkEic K- CEET
XHLDERKNBICHATELZ LT, AENTHORAICHE S £TOHEAEDOT TANEST S
HRLE ) OBEREEREA L E T 7 a O THNWDLZENTE, ANear B a—2HIICrAF
Y RIRA AT I a v ERBATHILNTE D, KX TIE, FRMEAT 4 72 BB L L2V &
THAELTCHEELE 2T 770, F5EfRm, T L TCTREREND 3507y 27 FEIR_TND.

FAETE, ZhEho7 ey MO 22 ERICE L, R Tn5.

WHETIE, REOHAHEIMEAT 4T L LT, V=T 7T A~DANEREETIT, DI
HELTLT A AT A L CTRERENMRT DAL XTI T 4 TRV AT LEMHEE L. 66 ETIT,
R Ry hEHNT, FBEWIFHIRIEAT 4 TORBEZIEEL, thEFtoala=r— g
WZB DM - HIRN B X 2 HWEBR oA, [BEEZFEBL L. B 7ETIE, FEROE
BEFRMEAT 47 LTHWE., v Y a—XIC L2 BEfEN e a 27U > b LKA
AT, aEHiL e Ll —VFoHEREEEZ AW FROBIEL, 2 Ea—XIZLERAICE
Lz, MOBIELE WS RICERTTITHI ZENTEX S,

8 ETIE, AWHEDMEM L, EHINOFERNRBEIZ OV TRRTWS. £ L THRAET
%, AR THW A= R T =7 OGS, EBRT — & & FEICO W T ZEBML T\ 5.

PLED@Y, Rk, FRMEAT 4 T2 HOWERA Xy FA U E T 7 a2 RER - &eF - #
L, TOFRAMZHLNILIERT, LR EFETLEZARD . £, ZTILHDRKR
BAILEE D E L L CTHFRITEN 21T 5 72 OIS B e @ FE 7R AFIERE ST, 72 b NS Z DHEAE L 70 2 B/
FimEAT LI ERLIZEVWZ D, LoT, K XOFEH I L(T )P 22T BN &
HHDERBDD.
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B3 A
%;ﬁ 554441 & K 4 ot oo
+ & & H

ITO #' T A EMZ AW IR T S A 2 DB &
TE BRI BRI X DRI R » N U — 7 OFfFT

ITO(indium-tin-oxide) %7 7 A B LA & HEMZ RS2 &6 2V E THMmR
DFR & T2 BB W T, EIRAEZ 5 2 N SRR Z BT 57200y —L & LT
HAWoinT&Ei, LML, Ry NI —7 ZBAT D EE AR E B 72 BB iR A & -
2D, ARRMIA OIS — 2B LTFRIE E A E7eu, RAFSE Tl H 7 R
g CHEEIICEER 2R 2 5 25 2 & N AIRE7R B R 2 ITO H 7 A EMIT LV BA%
L. MERARRHIL O R v U — 7 BRI I OV CTRENT L 7=,

F1FEIHES T, Ry N7 2HET 57201 2N E THO LIV T E BRI HE
R0 Ca? B A A= PRI OWTRAT-, Ml BRI A 52 7208 6 F D% Cadr A A—
YL VBIEET 720D FEE LT, ITO T A8 WSO TN O95EI T LT,

F2 W TIL, ITO T AEMRZ, KB 2V HE—DIRI S —= 7 L, Ml e 52
HIRDMESLZONTIRATZ, 74 NI YT T 7 0 —OH 2 O TREST D B THIK 72 5
F T T, BOWEFRIEN TE 5 X I8 Em A/ A —=7 LIz, ZDITO H T AHM T
Nerve growth factor (NGF) 73t PC12 #lifc & 75 Hcss L. M~ DRI OREHE 2DV Coam L7,
TER T A =4 & U CHIRRINSRER DIE A2 % 5 Z S 2 X0 | IEIRES ED X 51228k 3 %0
AT, EORE, 18 0.1 mm LUF OB T, MEHE S DIE EIVE OB IG T FR35
DIZRFL T, FINE D IEWEBCIL, BOREIITE AR DN -7, AR L REEDR
EE DRRZFIT & Z A, BEZ60A ZEEE U COSENHEINT-Z & n, EiRIZE
OOTEIEDNVEZRE L TN DEBEZ Hih, SHIT, B Ed DWITEFORIEDA L
DIEE RS TelpoTo Z Enb, MO R EZ R, ZHOREREY | /B L ITO 47T A
MY, RIFEMR LB KA L7 SR e BB 2 MR 2 5-2 5 2 & ASATRE & onr o7z,

%3 T CIL, R RS A RSl > T 5 2 LIC L D% v MU O %
FARDI=DIZ, /P —= T LTz ITO H T AEMBORIIT K 2RI & Alar]copErEZ
e L7z, B AR AIEE L ORBMRZ L 24, BB 17 HH 7DIV) Z5iL LOS
BT T, BRI X 0 INE T HHIR0RIE i~ & 2 A, 17DIV LSO/ A EIDIG
ZERITHE LTz, 17DIV LIRERORINE Tl BIETRE 1R % 12 ER-SE TN Z LI K DIV E DR 3
FEED FROHITSFRID & D & FFFL D & DD 2 FEEE R S 7, 2 T -\ T Scatchard
70 NOFREBHAA B ORERENURENC L 0 B & R L7z, 17DIV LI S FIIDRE &R
L TR AR g E 7V 2 X BESe AR C 8 % N-methyl-D-aspartate (NMDA) & o-amino-3
-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)DRHZEAI T % D,L-2-amino-5-phosphono -valerate
(AP5) & 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX) & 2.5 & AFRI 235 = & % Scatchard
7'y b VBRI, EOICHIMRBICE VR LT, 2RO ORER LD STRIDINEERL
TR CIX, 7V X UBBIZ K DA77 AL Z 5 T2 2 EAVR ST,

55 4 B CIIAGRSLORIE & L CTABIE TR D ITO T ABRBO 414 DI & AleetEsD
NIRRT,
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HwEE S i 4441 5 K 4 Mot e
NCRAMYE . TH B JHE 35 B Tt [ VEAHR
RS B JE 35 B it (T%) AR EE
BRESS B AMESR i (MEREREERY) e R
BERBARFUHR L (T%) G &

T (L5, &L (%) Moo fEmm s, [ITO F 7 AR A V7 Al
BT A ADBRAFE & E BB X 2SR Y T —2 Ofiffr] L, 4FX VK
STWA,

Indium-tin-oxide (ITO)ﬁ? AEMITBEANE L EEE TR S, 2T TEMRD
Bk & 727 BRI B W T, BN E 5 2 3 GRIFFCMia 2 8l T 5700y — L& LTHW LT
X7z, L, Xy MU= 2T 2B E IR E & 2B & 5 2 723 B AR
DFEKNE— 2 ZBIER LT D356 & 720, ARG SCC Ui 72 BB A i CHE B AL e & 7 i
WA 52252 ENATRE/RRE ITO AT AEMIZ L0 B L, SO % v U —7 i
FRIZOWTHT L2 Z &2 MiE LTV 5,

FB1EIES T ITO VT RAEEREZ/NREZ—= T 52007+ M) V757 0 —OFEMICH
WTIER72t2, ZRE THOW BN TEEKIAEFR FES IV T AEA A—T v TIEIZHON

THHAL, &5 iKﬁnT%wTwéHOﬁ7X%@%%wt%ﬁﬁnm%bewé

F2ETIL, EEmE Y —=7 L7 ITO 77 A KM b Crpsilatkic b &7 PC12 #
faz e U, Mila A~ 2 B~ OB S BRI OV TiEm L T\ D, BN A—2 L L
THIPRL IR DOIE E R X2 E 252 L1280, Mla~OREN ED X S IZB(bT 202 matL
7o ZOREH. TEA 0.1 mm LA FOEMTIL, @A S DI EIREMEEX EA L, 2R EVIA

VWERRTCIL, ORI o7, FEMEITMISEITZE L o7, IWWEMla= & HEE
mﬁk@%%%ﬂmt& 5. ki%mmA%%m&LT%&@@#%%ént_&ﬁ%\ﬁ@%
Wb 53E mﬁﬁ@%ﬁﬁmﬁ%&mtfwé%@&%zhoé% z, B EH D DT
HRR7Z NI EE R LT Z & D, RERIC L DERIO R L2 "3 2 &N TE T,

53T, WEARMRMAOR Y hU— 7@%6%m_omf\ﬂ5~%/7btlﬂ)%@
2 L D EIRHNSI AT 2SI X 0 EER LTS, 55 B S S L OR AT~ L =
A, WEEBMMG1 7HHE QTDIV) 5L L URENRRD Z ER¥bho Tz, ERRNEICIGSE T D
OB EEZFH =L Z A, 1TDIV LU LEOMIBE TISEZ5 ST 2 N TE 7, R E %
AW ERESELZEICEY, HAEMMBEEZFESE U CHREICHENSE T2 2R A L, Z
DOBLGUT IR LT, ZEGMRR DS RIRFICINE T A il Z2 R U7e, 2 auiEphffipalE ooy o0 7 A4
BT DKV TRE—E L, BRINRISEEZ L TWDE LD EB X T, M EEmE 7 v
XU RIEDOILERTH D AP5 & CNQX 2125 &, ZOWMERZIGEITR 6N otz
Z &b, 17DIV LB CTHEHARINE RN OB, B AVE I VBT TR A b D b
EzT-, ETEERAEFETHOSNTE - Scatchard B L OVHIll 2w Mo kb, #fifkxy bU
— 7 OWREZH O T HEHFIEEERL TV D,

A4 B TIIARGR LOMIE L L TAZE CTHWEIRD ITO # T A EMDA % Ot O "l HeEIC
DUNTIRRTz,
PLEAGHSCTIX, ITO H T AEM L HeA A=V U PR TLZLICL 0, fifry U —

7 DME %%%ﬁ E BT = VORI Lz, 1220V = EZ AW THRER Y h U —
7 DWFRIFBRLICE D LM E R L TEBY . 25 O RITHRB I RWICET 5
DThDH, Lo TR I@%% if@ﬂ:(ﬁ%)@%@f?x j—égﬁb)g})é%®kwh&)5
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Analysis and application of low polar non-volatile component to tobacco leaf using atmospheric
pressure chemical ionization mass spectrometry detector

Tobacco leaf is cultivated plant originating from South-America with a long development
period of about 4,000 years and essential material for manufacturing cigarette. The
manufacturing process has exclusively become massive in pace with globalization of cigarette
market. The most significant issue for manufacturer is to properly procure, blend and
manufacture tobacco leaves with fluctuating yield caused by annual climate change of various
growing districts. However determination of quality and blending have been counted much on
in-house knowhow and sense of skilled blenders, and for this reason streamlining and developing
of manufacture on scientific background has become the most urgent issue to address. The point
which has made the realization difficult lies in complicated taste and aroma derived from
numerous tobacco components consisting of more than about 4,000 kinds. Application of
component information to manufacturing process has not forwarded while the identification has
made great progress. This research therefore focused on unknown low polar non-volatile
components among tobacco leaf resin related to taste and aroma of tobacco products.

Typical natural science in the first place consists of fundamental steps selecting object,
executing target-analysis and consolidating the data to put scientific rule. On the other hand,
non-target analysis which has emerged in recent years ensures providing basic rules on
multi-dimensional data and multivariate analysis without selecting objects. Moreover application
of non-target analysis has been gradually initiated to construct discriminant model and conduct
machine discrimination of unknown objects. Neither has the novel scientific field which is
named as chemometrics been applied to tobacco leaf, nor has the elucidation of above stated low
polar non-volatile components in tobacco leaf progressed. For this reason, the author determined
to identify these components relating to the varieties and cultivars of tobacco leaves, to confirm
usefulness of non-target analysis to put tendencies and then to study the feasibility of
discriminant model for machine discrimination of tobacco leaves.

The initial part of study began with simultaneous separation and determination of low polar
non-volatile components in tobacco leaf. This was because gas chromatography has been
inapplicable to gasify them and existing method of liquid chromatography has not achieved their
separation. Solanesols, Phytosterols, Triacylglycerols, Chlorophylls etc., were therefore analyzed
by non-aqueous reversed phase chromatography (NARPC) hyphenated with atmospheric
pressure chemical ionization mass spectrometry detector (APCI-MSD). These methods for target
analysis were then adjusted for non-target analysis. Multi-dimensional data matrix obtained from
various tobacco leaves was subjected to statistical analysis without quantification procedure, in
which the result provided equivalent rules to the ones from target analysis. Furthermore, the
discriminant model based on data matrix proved usable to discriminate cultivars, districts and
stalk positions with high probability. The study succeeded in determining unknown non-volatile
resin components in tobacco leaf, and then provided basic scientific rules at the equivalent level
to target-analysis and gave discriminant models to classify various tobacco leaves for
streamlined and developed tobacco manufacture.
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A& 25 4822 5 K 4 Al EHZ
AMOCEAMYE . TE BERBICAMERR fiE Y EA E
AlEE  BIERRARTHR T ik
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BEERRR MR W (T JHE &
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ARSI TV 5,

FKT T AFREDTIX 2 1L, 4000 4ELL BIZHE- THIE SN TE M THY . > HL v bD
JFEFE LTHWLATWS, 721X 2 121% 4000 FELL EDORZR AN E £ TV D & FbitTin
B3, FRZEER EOBE NS W S DBINRER S 721X ZRA DRy < BUEBRERE O OF
DIZRELBERTAbDEEZ SN TEX T, 72132 DIERBINE ALY D% < I TAEHME TREEFMER L
53#E (Solanesol J8. Chlorophyll ¥, Phytosterol %5, Triacylglycerol J8) T& 2725, RN#HIEMERD T
SALRREECHT A 7 v~ 87T 7 4 —TIEON A L < | B2 O CKRARRIKZ v~ s 77
T 4 —TCIEmBERE N ENE W SN B o 72, PLEOERE N D, FH IRV o~
N7T T 4 — ERKEACTFEA T ACEESITEREZ MG DT D 2 LT, 2B EED S HTIZ AL
L TW5D, £, SR D 7213 2 O MR E Hsk O R E 217\, SR BRICR 2R 2
A 595 FEOBRFRICEE LT\ 5,
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