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Strong-coupling Properties of an Ultracold Bose-Fermi Mixture with a Hetero-nuclear Feshbach
Resonance

In this thesis, | theoretically investigate normal-state properties of a gas mixture of
single-component Bose and Fermi atoms, with a tunable inter-species pairing interaction associated
with a hetero-nuclear Feshbach resonance. Including Bose-Fermi hetero-pairing fluctuations
associated with the inter-species interaction, | clarify single-particle properties of the system above
the Bose-Einstein condensation temperature Teec, from the weak-coupling regime to the
strong-coupling regime. | also examine strong-coupling effects on thermodynamic quantities.

After an overview of cold atom physics, | present my formulation. I point out that the ordinary
non-self-consistent T-matrix approximation (TMA), which has extensively been used for the study
of strongly interacting ultracold Fermi gases, has room for improvement, when applied to a
Bose-Fermi mixture. This is because TMA uses the bare Bose Green’s function that does not satisfy
the required gapless Bose excitations at the Tgec, in evaluating self-energy corrections. To
overcome this, I improve TMA so that the gapless condition can be satisfied.

Using this improved T-matrix approximation (iTMA), | study single-particle excitations near
Tgec. Hetero-pairing fluctuations are shown to couple Fermi atomic excitations with Bose atomic
and Fermi molecular excitations. Although a similar coupling phenomenon is known in the unitary
regime of an ultracold Fermi gas, while it causes the pseudo-gapped density of states in the latter
Fermi system, such a phenomenon is found to be absent in a Bose-Fermi mixture even at the
unitarity. A shallow pseudo-gapped density of state is only obtained in the strong-coupling regime.

I also examine strong-coupling effects on thermodynamic properties of a unitary Bose-Fermi
mixture. To minimize ambiguity coming from approximate treatment of hetero-pairing fluctuations,
I employ a combined iITMA with exact thermodynamic relations, where complicated iTMA
calculations are only done to calculate Fermi and Bose chemical potential. Various thermodynamic
quantities are then evaluated from the calculated chemical potential by using exact thermodynamic
identities. | find that the specific heat at constant volume is a useful quantity for the study of
strong-coupling properties of the system, because it is sensitive to hetero-pairing fluctuations, to
exhibit anomalous non-monotonic temperature dependence.
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The demand for low-cost infrared (IR) optics has increased over the past decade. Ge has been
primarily used for the IR lenses because of its excellent IR transmittance and refractive index;
however, Ge is bulky, heavy, and expensive. As an alternative, Si is another IR material which is
lighter and cheaper than Ge. However, as Si is a typical hard and brittle material, the ultraprecision
machining of Si into complicated shapes, such as Fresnel lenses, is considerably difficult. When
diamond turning is used for machining Si, the process is very time-consuming, and serious tool
wear takes place. In recent years, IR polymers, such as high-density polyethylene (HDPE), have
been developed which are much cheaper and easier to shape by thermal molding processes.
However, the transmittance of HDPE is still very low, thus the thickness of HDPE lens must be
extremely thin, which brings the problem that the lens stiffness becomes very low and thus the
substrate is easily deflected. Accordingly, there is an urgent need for exploring alternative IR lens
substrates. In this study, a novel IR optical lens substrate, namely, the Si-HDPE hybrid substrate,
was proposed and developed. An extremely thin layer of HDPE was laminated to one side of a Si
wafer by means of silane-crosslinking, and the mechanical strength is further improved by utilizing
a mechanical lock structure. Thus, the resulting Si-HDPE hybrid lens substrate possesses the
advantages of both materials, i.e., the high stiffness and IR transmittance of Si together with the
high formability of HDPE. The hybrid substrate was fabricated by high-precision press molding
where the pressure and temperature were strictly controlled. The surface integrity and form
accuracy of the developed Si-HDPE hybrid substrates were experimentally investigated. The IR
imaging evaluation showed that the hybrid substrate was useable for night vision and thermography.

Chapter 1 provided an introduction and an overview of the research background. The research
significance and the research objectives were summarized.

Chapter 2 provided literature review of lens fabrication techniques, IR imaging systems, and
the materials used for fabricating the IR lenses. Especially, methods that past researchers used for
fabricating hybrid optical lenses were reviewed.

Chapter 3 detailed the steps of fabricating the Si-HDPE hybrid lens by press molding. The
mechanism of combining HDPE to Si and the Si-HDPE interface phenomenon were investigated.
The IR transmittance and other optical properties of the hybrid substrate were evaluated.

In Chapter 4, the fabrication process of a micro-structured HDPE layer on the hybrid
substrate was presented. The effect of press molding parameters on lens surface integrity, form
accuracy, and mold coating performance were examined. An in-situ observation system was
established and numerical simulation of the forming process was detailed.

Chapter 5 described the IR imaging evaluation of the fabricated hybrid lenses. The lens
performance was measured and tested using a home built IR imaging system. The captured night
mode and thermography images demonstrated that the fabricated lenses were usable for IR imaging.
The combination of different IR lens materials was also introduced to examine the compatibility of
the Si-HDPE hybrid lens with other lens materials.

Chapter 6 consisted of the overall conclusions of the research and the future tasks.
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FHARORIR ML R E RS CRRENTFAET D, T2 TEA V7 DX T EDORNEE L TR T 54
HENDERERD Z LT, xR U THERERRIRTT 5 Z & 72 <, BED ) ATREZa
KBUMMEBSL— FZ2REEH L7, S OICEARBMMERSY Y — 2 WA & T, VI &5 5
FEDI & KOG KT LT 99%LL LD THEET 52 L &2 mheL L.

B4 FECIE, BTG R & U TR KRR R FFEH Z 1 (SPLASH: Surface with © interaction Liquid
adsorption, Smoothness, and Hydrophobicity) Z B % L 7. SPLASH IZ7 Y R H X T O3NS Hi %
BB REHN 2 FICRBIEZLOTHD. VY RI X TIINEBICHEBRE PS5 LT
fEZ AL IRE SRR H Y, BKMEREZ REICEAT L2 LT, KENEETL=2—7
AV ITMBLOBBNARETH D, ERIL, ZHERELZERT 52 & TEENEZFM L ClRIBERE
ZAT o T3, SPLASH (VR EICK LT o EFMHAMERIC L - TERIEGRF 2 /R & L7z,
SPLASH [ i HRE « AR AMEIZ B U CHERBEIF ~DEN M AR LTz,

%5 BT, TART O TORGEIREIVRIED D BB AT IR 6 H DR T IE & Mt
Lz, BYRT o0& BTk, KiiZE FolkimnbREICHm N T HuoBEhZ Ry, 2T
RIEOFE T DRI DR N —= T REZHTT D 2 LI XY, RIEDRG L7 Ml S
Noda—7 4 7HMERE L. SOICARENRZ AW CTRIERATERD 2739 2 L e @k el here
~A T aFRT N, AEREE LT

6 ETIE, AFEEDOREERIEL, A4 I AT 4 7 AL BEEMEI O RZIZ OV TR
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WLEBEDER

& H %5 4736 5 K 4 RAPAR Hkst

AMOCEAMYE . A BEHESSEANFR {4 (I5) A5 T

e N6 Dr. sc. nat. FoTIVAF H=x)L

BEMESS AN AR T+ e
BEMESS AN R T+ iR

T (L), B (L5) KAREm A 42 H o F#A0EE Kis S0 [Development of Biomimetic
Functional Materials by Wettability Control] (/XA 4 X X7 ¢ 7 A2 X DM EOTENERIE & Eigaeb
WCBET DIFE) AL, 6 ML IN TV D.

TEDGFRF - 7/ A = ZAOREBRERITIE, BRFOENTERENOELLHED [
AFTIAT AT AL ICKDMEL - AT AREDERZED TS, FHTEDOEDOEAMEITRE S
D AARHERE D B B TR 2 T IRV I, & OPLHMIZRRHEN S T2 - ERMEEZ I & L
ToME N B~ DGRBS ST D, % D A OFEIL, AREiEL HIT 25 FED
POHIER, B L OMEEREME-CEA M7 & ORI TMREMEO M 5 Th 5.

Z ZTCARMIZETIE, ANA A I AT ¢ 7 ATES BV 2 Wb 2 & T, ERine s i
BUTMEIOBRG FEEZFERERZ L TV D . S OICEEMBIOENEEZEN L CBHEa—T 1~
K, WAKRDEEM, NAFEY, A 7 aiiikT S ADOEKRRIICEFL TN 5.

BLETIE, NAAIRAT 47 AL DMREMMEI O R AR L T 5.

02 ECIE, EOEDORMEHEE ORI X 2 KB ORG FEERF LTS, £7,
TR 72 IR IAN T CTREK R 1 OFRE T db DB OSGETFEE, KT/ ki - 5 BRI
L OEEMREELZ RN THE L TWD. TOREE, 7 2k LB IC L 5 EEEDS, 50kPa D+
JIF COEFEIR L TRARMAMERFT 2 2 L2 A L TW D, I, BEEAEICHAT 28K MEE o
B ORI FELBREL TN D.

53 ETIE, K& L CGEIRRIRNAEEZ A3 28K - Bt —7 ¢ o 7B OGEHFIE
ZRETL TS AREIT SRR O R E L FEMIC L 2 MK BEAT~DIS AR ST b
DS, ZFHAOBIRMESC KERREICHRENFET D, 2 TEA Y 7 U X7 EORNHET DHFRE
MOEREGD T LT, FRax RFHARITKR LT EMITIRET 5 2 & 72 <, B0 AHT TREZe Kk
BURMPEBA N > — R EERFF LTV 5.

B AFETIE, FBBAEZRE & U TR R R - 2 1 (SPLASH: Surface with 7 interaction liquid
adsorption, smoothness, and hydrophobicity) Z B % L T\ 2. SPLASH [X 7Y R B X T DI RN DI
AT HERmIENZTICRBE ST DO TH D, VYR AT IXNEEICERR A 2S5 2
& CHE A HEERICIER S D REDR H 0, FEKMEIRIR 2 RIEITEAT L 2 & T, KEPEET L=
—7 4 CIUMEBIOBRBER AR TH D, 1ERIE, ZAEREAFERT 52 & TEENZFIH L T
RFFAAT - T2 23, SPLASH TR E % LT o EFHHAERIC L » TRIEZREF 35 2 &3
T& 5. SPLASH IXVBTEVERE - BB AMEIZBE L CRERBAR~DEMEZ R L T 5.

B 5 W TIL, b ART O LT ORI TRIVERED b B2 ST RIS 2R i O E 7k & Gt
LTWa., AT oL BT, KX E T LN b RLIZA D> T HmoOBEi 2R, £
ZCIRIEDMAE T DORIR DHEKR NS — = T REZRFT D2 ISR, RIEDEEEE L7 5 I
EENDA—T 4 ITHMERBL WD, S OICARENEZ AW TRIER AR D Z2-3 2 & 72 <
EFRRIe~ A 7 BT A AZREL TN 5.

56T TIE, AMFEOMREERIEL AL LI AT 4 7 AREEEMEIOBZIZOW TR RTINS,

VLB 51T, AFaSUTHRRDFFORR & 7o eFrtE 2B U, AR OIB AU MERIAE M O RE ()
HZ2179 2 LT, EEEMEMEI~OIEHEZIREL TS, D O &AL, e RO
FAT T ICEEN Y, S BTG SCT R U 72T MR E 1 K D HEREMER BN E, TN B D%
JBIZKESEHBRT 26D THD. L7eh> T, K UIMERFRBHICBWTLY B, TEEF
32 L ZARDRBV. LoT, KamXoFELEIEL (L%) O a2 5E&ERNHL b
DERDD.
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WEEE B 254737 & K 4 =H %

T L EL

A=—aTREICBITS ) — FRBEOESHILB L OS2 LB T X A 7T
JLDORFZE

T, IR OBLEND, a7 RO REZ M EX 5 X0 b, a v HEiinst
% CPU 7 —XFT 7 F ¥ BRI /2 > TEY, High-performance Computing (HPC) + A7 L%
Wk % 7 — R 1 BEHD Oa 7 EHIIREIICHIN L TE Wb, —F, 1arbichoAE
VI TAEACH D, ZDX I A =—aTRE T, [F—/— KN TEWET 10517
T ADEIERD~ VT aTEREL Y I35, Lo T, /— RHEE (Fl— / N2
A7 vt AMORE) OFREREED, (ERED $2< 725, /7 — RPBEDOMRED, 87
TV r—a VOMRBICHER LV R 7R 52 H T b &D,;Dm@&/ %W@n
AROHND. FT2, 137 HYOAE) &I THECH D70, /— RNEEIH
D AEVHEEOIRELRO LD, LL, (ERO~ALTFa 7ERERTO / — RN@ET
1%, iﬂfmtz@?vaﬁﬁ%itwf?~§%%ﬁét DIZ, BEFEIEOHEIN / —
PIB(EICEN D AE VIHEEOIEINZ £ T LE 9 ME)R H

%-Tbkﬁii%:~:7ﬁﬁ_kwfmﬁ#0ﬂ4m&/ RPNIE(E &2 32803 5720,
Partitioned Virtual Address Space (PVAS) & MESHTTZ 7242 AV BT NV E 45T 5. PVAS # A7 E
T, WHWERAIB 2789 ) — RS v A% [FR—7 R L AZEWCilfES 5 = &
ZAREICT 5. WA v A% [F—7 RUAZEWTENESESHZ & T, 7 RUARZERZEZ0
TT—HEGETHZ <, /— NNIBEZEFATT D Z EDNAMREIC/R Y, mdh D A€ U JHEr
BODIRNA=—aTEERT O ) — RNIEELZ TS5 Z LN TED. PVAS ¥ A7 ET /L
% Llnux T —FINVD ATV ERR AR TEE LT

FSCClE, PVAS % A7 5 /L% Message Passing Interface (MPI) Oi@fE1ZiEH L, PVAS

&Xﬁ%?w@@ﬁ%ﬁzté.mms&xﬁ%?w%mmﬁﬁmﬁﬁb,%ﬁ@o%%u
HE BV, L0 A=—a7EREECH L7z MPI / — RNE(E 2558135, PVAS O
1%, MPIZIT HifeT — & OEF & N7 — % DI EE2RIC L TR IR . FiE
1%, MPI @ Open Source Software (OSS) F2D—>TdH 5 Open MPI (2, PVAS ZFf4 25 2
=—a VBRI O — RNEEEY 2 — W EAAT Z & TR I, Thvk, ~( 71
R Fv—r L I=T TV r—a AZLVFHNL, VP aTRERITO MPL . — RNE#
BEY2—NERWESEA LT 5. ~A 7 a X TF~—7 IC X 55HliCi, dir—
DIFEZBITHBNT, WBEEENRE L GWETDHZ LaRd. Fir, RNifT —% DEZ(EIC
BNTYH, WSR2 T—2 PEHRNEGIC AT Y EICAE SN DEE Y — o whRE, @EE
ENKE L UET D2 LT, #ifT — X &G0 =770 r— a AL 55
TIL, WKTRI18%, FATHRENUGET 2 2 LaRT. R — X 2 5%(59T53=7"
Vor—2a AT DeHMIETIEL, mRTRI21%, FATHRENSGET 52 LRy, £, ~A
IR F<w—7 L5 TMPl J— RNIBEO AT VIHEEZHIEL, KT 18%, AT
VIHEBREHIRATRECH D Z L2 d. ZHORMEIC XY, Kﬁﬁf?fféwwwyx
JET UL ST, A=—aTEEICBW TR ORI/ — RNIEE 2 FZBL T HE
5T LT
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WXBECEE

& H %5 4737 5 K 4 RH 5

AMCEAMEYNE . A B2 EFE RN A % =+ () SRS - —

e B2 EFE RN A % [t (5) SRS

B2 B FE RN A % [t (5) Hilks (54T

JUINIR 22085 i+t (T5) B s+

b (L%, &t (%) BHABERHOPAGEERKMmL, [ A=—a7REICBITS /— R
WN(E D EEb L O Rb A ERT A2 X7 EF VO] LEL, 28 ETHRINTWS,

ITH-D HPC (High-Performance Computing) > A7 A TlE, A=—a7 7 at v OIEHANREAT
BO, /= FR1EHZYOaTHNENT HEAICHD, —HFTaThHizoAEY ETEDT D
ERICH 0 | EOEFSLERPERE &RV A VHBEEOWLARD BbND, A=—aT7Taty¥%
BRHT2VAT AT, /—R1E6H7Z0 07T vt 2BIEINMFEN, 770 r—3 g v OFEST
HCRAET D /) — RNEBIEORBENEINT 5, Lo T, /— FPdE oEdE b & A€ U iHE B
MREEE 25, L, BEFD ) — RREREOFATIE, 7 NV RZEME F oW 2T — 24
BT 12012, / — FNEE OBEERERME A VIEEBEORMAZHNTLE 5, KHL T,
J— R EOWH T et A %R —7 NUAEMTEESESZ LT, /— FREEOEELB LA
TV HEBEOKEE LB 5 X A7 €5 /L [Partitioned Virtual Address Space (PVAS)| #42ZE L T\
%o FT2PVAS 2L %/ — FREEZ ., L < VSTV 5E510{kE 7 /1 [ Message Passing Interface
(MPI) | os@(EICEA L, i+ 2 2 & T, AAEORGIEZIT> T\ 5,

B1ETIE, ITHEDO HPC v AT 20E)A &/ — RWNEE O E#EbE L OA £ U iHE &K O %
BPEIZOW T U, AIFRORE L BEE, S ORERKIZ DWW TR TN 5,

2 BTl BEFE AL BEAFIEIC W TR R TV 5, BEF T RORBIES A, 7 R L RAZE/M % %
W T —HERRICERT 5 2 L 2R L TWD, £7o, BN & AR SCOREL iz L, R0
NEBALE Z I LTV D,

B I3ETIL, AW CTIRE T DH/2/2 ¥ A7 ET /VTh D PVAS OBEE L FHFHI DWW Tl =T
5o [Al—7 RLAZEM TSI T A ZEHESELHZ LT, @l AT BEEEN NSV —F
WNEEA EHARELE LCWW5, $72 B—7 FLRAZER 25 L, W7 et 2 CHAET 2 FEIC
DWTHAI LTV,

4 3 ClE. PVAS % Linux B — R UIZFEET A HIEICHOWTIRR TN A,

%53 TIL, MPI O L | PVAS ZiEfl L72 MPl / — RIS O LW TIRRTN S,
MPI (21, EEET — % OEZAE & NERET — 2 OEZENH Y . PVASIZ LD/ — FNIEIEZ2 N7
AT 5 EEZ R LTV D,

%6 FTlL, PVAS 2l L7 MPI / — RNIEE L A A€ U ZHWABEFD MPI / — RN
Ba~A /X Fv—0 32T 7 r—a il o THEELZERIZOWTGRR TV D,
PVAS (2L > TMPI / — FNBEZmE b L, BT — X OEZEE2FEITTLHI=T77Vr—=
B W TR TR 18%, N7 — X OEZEEFTTLHI=7 7V r—va LB Tix
BRTR 21%, FEITHRERMm ELTWS, £z, w4 7 X Fv—7 2L 5METIL, &KT
#)18% D A £ Vi B A FEH LTV, PVAS OFHAMZRL T\ 5,

97 ETIE, FICET 2B EE BRI TN D,

F8ETIL, AIXEELOTEBY, MMEDOEENEGHED HPC VAT A THMIIEHIND Z
EPHIFFTE D LRI TS, 6, DS HDREIZHOWVWTIERTNS,

PLE. REiEZ a 73T HPC v 27 AW TEWIESILERMERE LRV 2 £ U & &4
WA TFEAERLCTBY ., ORI TF EEETH L ZARDRLI N, LoT, KXo
FHIIHE L (%) O EZ T HEEPHDL LD LD D,
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Wt H %4738 & K 4 EHER ARG
T CE B
Development of Functional Slippery Liquid-Infused Porous Surfaces via Layer-by-Layer
Method

(R HAREIEIS K D BEREME IR PR AR TE A 2 FLIE 3 DR

Y RH AT OFREEE L, BEEREICH LWAERE 5 2, BHERIKEA S LVEFRE
(slippery liquid-infused porous surfaces, SLIPS) & L CHEBUKMERmMAMBEL TX,
SLIPS [TB/KMEL FLUE T H & VR TRk S D, DS ALUEIREN T/ Mgk L OMEE
TRV —Th DG, Bz SR E O THUCHEE U, RIEMEZ BRI
KO EAREIZT 5, AMFIETIE, R AFfEEE (layer-by-layer, LbL) 12 X - THE
Rk THEZ WD Z LT 3 DOMKEENE SLIPS, J 78 b, midim R b Ik
PESLIPS, % h¥y « TLF BT b U 7 A THERR S U2 AR &0 SLIPS, TR S
P SLIPS 255 L7z, Zi4LH D SLIPS 124, JEFEREIME, Priiteairt:, B &
UGB ATRE 2R B IR  JENMEA R LTz, T ORFZEORE B3, MEBEME SLIPS 23, Hogri7
M. KB, BFL X Av— U A U RUBIRZEOMOEA 727 /34 A
DIEEICERATOA Z EE2RET S,

B 1ETI, AFEOBE A L7z,

%2 B CIX, LbL & SLIPS IZBHT 2 S TFZE 2 4R L7z, LbL 2o\ Tk, LB
EEVEDTZOD, LbL OREAFEHB I, TNz SH LS 6 2 L7z, SLIPS @
BiCix, FHEIENMICS & L=, SLIPS O, 3 X ORI EZ S L 7=,
93T, EFMICHRfE &7z SLIPS & S8l L 7=, LbL 12 X 0 Bk S - e HkEL &
P> 45 RS IR BB A T35 2 & T L6 A SLIPS OYtErfERIC B
2 DB LT,

W4 ETIE, BRETENEICE LTIk Shuiz SLIPS 24558 U7z, Ay fetisf kil L O
ARESYEMM M A2 U, AR SN SLIPS Z2/ERL L=, 7AXUBT Y 7L/ R
JE=Ltnl RUOMOKERE LbL, BLOF 2/ TAX T b U U AR O
BAAEN LbL Z W T T ZRE L, #mme LT —F 2 NiliaZ Huvz SLIPS 1
prmserERe 2 R Lz,

555 B CIEL, it & RimimaurE & HIE S 5 052 SLIPS 2 328 L7, SLIPS I3&
HRED A~ — MREMDO—2 L LT, @MWERMEZE LR s, Y10 X Alieg/eig it &
HE AT RE 2B BAME 2 7R LT 5, A THFZE Tld. & OB AR 72tk rO LI X -
TITONT& 72, L LS, Z1E TO SLIPS IZFER D 2 v vz 2
D HIREE T CERT 28N SLIPS IZEH SN TCWiho T, £ 2T, IREE
E)CEICE ST HZ LN TE 5 SLIPS HEAARFEOHM E Lz, Frlc, 22Tk, =
TAZ 33N TR IEED & 520 B 2 il w] 6 72 I BT AL L FTRE AR EY N T 7 ¢
EANZFLEFHE (temperature-activated solidifiable/liquid paraffin-infused porous surfaces.
TA-SLIPS) %#EHIL 7=,
6T TIX, AFEOMEm & RRELEE R LTz,
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WMABRENEST

Iy

& %5 4738 5 K 4 Bl oiE

AMOCEAMYE . A BEHE RN R (T Ak it

e B E R BAK 2 H % Dr. sc. nat. FoT VA4 H=x)

BERANAMES G Wt (L% ol 55

BEMESS AN R Ph.D. R

T (L), L (L%) EMFE B O P05 K SCiE [ Development of
Functional Slippery Liquid-Infused Porous Surfaces via Layer-by-Layer Method (i A fE)E
RIS X DREREMEIR MEIR IR E A FUE R OME) CHEL, 6 EDREREIN TV 5.

TR, EMOBNT-BEEZBIT DA A I AT 4 7 ARNEHEZEDTEBY, 0
P CHEHC T Y R I X T OERMEEE) O BB ST MR IR EAZ LG £ (slippery
liquid-infused porous surfaces, SLIPS) %, & LWL EEEHEOLELIEmME LT, 5% D
OB FF SN TV D, AIFSETIE, RAFMREIE (layer-by-layer, LbL) (2X -
THEREIL SN2 ALUE 2 W5 = & C, HEREME SLIPS Z#45E L, F OO
ENLTC, EFEER, LFL X, Aw—FUA v RUBXORZEOMORE A 727 /34
AFHOMREIENATRETHD Z L 2RTZ A AME LTV D.

H1ETIL, AFZEOMEZHAL TN,

55 2 B CIE, LbL & SLIPS (ZBA¥ 2 E1TAFE 2/ LT\ 4. LbL IZ>W T, £
LUEBEAED 72D D, LbL OFEARFEB LY, T2 L-FRE2HH L TV 5D.
SLIPS OfiTIX, FKmiGHIEIZE & L721%, SLIPS O, 36 L OMEEEEL R L T
W5,

B 3ETIE, EFMICHL SN2 SLIPS Z#EBL L TW\Wa. LbL IZ X W sk
BELZ D S/ 2 PG IR RIS A2 T35 2 & T, 4508 SLIPS D51y
TERIC G 2 5B %21 L T\ 5.

WA ETIE, RETENEICE L Tk &du7z SLIPS 255 L T 5 . Ayt bkt
BELOEKEASTEFEEmZER L, AEEAME SLIPS Z#{ER L TnWa. TAF Vi)
N DLA/RY) E=re e ) RUOBOKERS LbL, BLOF MY T i)
FU DA OFEMAENER LbL ZH W P25 L, MiEme LT —F2 Kl
% A= SLIPS (3t thmE 2 /R L T\ 5.

%5 CIE, it & FETENEZ HIE T 5 RE M SLIPS 2 FEHL L fE RicHon
TIRRTWD. SLIPS [ I@EMHERED A~v— FEHD—2 L LT, BWERMEEZAH LR
B, IV RZ AIREZe i & R R RE /R M 2 R LT DL B TAFSE UL, £ Ol
LB PR 72 I L > TP TV A, LU S, Z#VETO SLIPS 1X
FEROSHEDTE I Z W T W2 Z & h, FWIREE N CTEMT 2024 SLIPS 13528
STV, 22T, BELHCENICEET DI ENTE S SLIPS #E A2 AKFED
HEJE LTW5. o, 22T, SIRICBWCKFEER) & G507 B 4 18 7] G
72 EENE MR AL E AL FTREIR B N T 7 ¢ IE AN FLE R M (temperature-activated
solidifiable/liquid paraffin-infused porous surfaces, TA-SLIPS) % 3EHl L T\ 5.

B 6 ETIE, A COMEHR S RIBENTRIN, K XA OBV 58 2
IZHET D2 LR L TN,

DL B 212, A§wSCTIE LbL I L 2 BEREMEZ LB A vy, Zh 6 % SLIPS (12
JRBHT 5 Z & Thix 7eiRe 2 A T A BB R EmOMEIZKI L TWD. LEERn- T,
MrERF S, RERZDTFORBIZBNTLSEE, TEEEHGETLEZABDRI20.
X oT, KgxoFEEIIHELE (I.F) O IEzZTHERRNHHLLDOLRDD.
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WEE 554739 = K 4 Ak Al
T L EL

Development of Haptic End-effector for Medicine and Manufacturing
(EEBXOERECHE BN E LT T v 72 R 7 = 7 X DOB)

DA mER b X B G5 AN R DOREECER AR BRIEICRB T 2958 1 & LT, vARy B
OB ED STV D, AMO EBIIEHEREEEZFZBAEETHY , ARy b
FAMO FROEEZ BT 52 & T, BRxRIEENRTRE LD, KT, vAF « R
L— 7R OERERER Ry MZICH L2 B HEH TRy M, R REEES SR
EINTWD, LEEEEOEBNINMTEITNLETH D08, N IERInE
FEEOLHBHENITES Tldev, AR TiE, Ao EEOEEICRHE L- B HE
=T 5 IR RAEEE & L C5 H B & HEM? (Haptic End-effector for Medicine and
Manufacturing) ZBHZE L., NREAGHRICESWTAEEL FEBL LT,

FLIETIE, AROTEEB I ONENZR 2, BREER R Y b B I OHRs
BELEE O SATHFSEIC DV TR L 72,

B2EmTIE, AMELA T NI K D N R KA E RN RS W r Ry R os)
TERIBENZ DU Tk 7z,

3 E IR, G EEBE O OOFIER L LT, MRS < 4ch A
Z 7 ZVHIE, RIS EEAEEIE, BERELY AT M ON TR,

FATETIE, N7 RTANEY T A RE VLA T2 HEENTT v v/
Ny MZOWTIRRz, V=T EF—F THEINS2BHEENTT v 78Ry FO
UTNVY Y, ZEBREOMTREEEICEHATHY . £, ATAX Y
T EN W R T =7 2%, U 7 O IEZETICKRET S 2 L TEM
IZ X DRI O HEMAENFIREE 22D 2 L R LTz,

F5ETIE, MENEHEIn ANy b~ E B E UTHIE LI/NUINT T 4 v o
- a Ry MZOWTIR_ Tz, @GR O IT bV 7 OIEEREDME T 2 5N &
BT, MR THE L THREDREZER L, KA 7 F— O EE %
MIET 5 Z & CHEEREZUGE LT,

56 FETIL, ERRERIOEERRICB T, ABOF, FH. BIEd 58
VB2 2725 5 HHE HEM2IZOW Tk X7z, #iFf, E#), o—L, By F, I —F)
TECHIR SN S 5 HHEDEWRIZ LY, MR EELRRE L, U T D 78
REITEEOB ROEBEZ T 57280, ATAX T T IR HEZ T VTV v
Bt & XT LV Y v B X OVRlRERE 2 5 I CBREN T 2 B A 42 =2 L. HEED
Mz & b7 5 NRiFRBEEROSL IR Le, #HERIEED—o2L LT, 24
D5 HHE HEM?Z W7o E CREZR 2 RBL L, 7 LR E R A b & ICEE
ZHEL LTz,

BT ETIH, AMEOMRZ R ~7, AFFIBRENERE 2 H\ 72 5 B B HEM21X, 7
it B A2 A L CAMOF, Fy. WICkHsS LE-EEZ EBARETH Y . BB XL
OPEESIICBWN T, KV RERIEEOEINPfF SIS,
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WXBECEE

& 55 4739 5 K 4 FazK LA

AMCHEAMEYSE . A B HEF BN PR T PN/
e B2 EFE 2R A % BTy #HE #z
BERBARTHeRER () R\ Mok

B2 BB A% (s W K=

Fb (L), ER(T%) ok i B4 oPA05EE Kim 3L [Development of Haptic End-effector
for Medicine and Manufacturing) (E#¥R X OEEICHEZ BN E LINT T v /2 RmT7 =7 4
DBRFE) LS, TENDER SN TND.

P72 22 T < OB HMELMR L, MERERFEELITORAR Yy POERNEE > TS, Fr
VOV AT SR TR O FFC IR OFE I 72 SIC A B D L 91T, BT OREH REENE
REND., FEEIZBWTS, AL TROREBLIEE R ECRERRERDNH D, 0 X 5 2iERIEET
IIEEZE~DIE T 4 — KRy I RARRTHY, ZHHEONT T 4 v I R T =27 XD
BARNLEEN Tz, ZOXIREROT, KL TIIAMOFEIMELH L2 T 7+ — R
I DbHDHEZAMETY 27 =7 Z O3, EFE LZOEECH~OISH, B XOAMOIEERE
WMORFLEZDOT L ANy 7 LHZEMEEICEAL, TNENORBHENRINTNS.

B LETIE, FROEFRE HNEZRS, EROMEEZH L T 5.

B2ETIE, sNA MeE—vararyba— L FZbduaRy NBIEEERERIZZ>THD
Ll ESF R, BEVAICESEEEEROBAZIT>TND.

H 3T, ZHMEMMEIC X2 R 7 1 — RNy 7 OFEBUT K& 7B 2 Rle TR ERE R
CEMET =XKL DHET LA Ny 7 AT MO & EHEGEE R LTS,

FAETIE, ZHHEICBITAEABERTHHLL I TN VT ERATAE T T 7 HEREIZHONT
EENVAIT 21T, BREFHIEZRERZL TS, TROORAKERIIEH Y 7 RIANREY T 4 %
HLTRBY, InNLEMARDEDLZETHME 7 1 — KRy 7 OHLEHBEZ RoT =2 ¥
N SICREHTEAZ L EZH LN LTINS,

FSFETIE, Ny RIANEY T 1 2720 @mEEEEICIS W TH, PORE LI mEh=%
HERICHA AR AT Z & CREZR 1T 7 ¢ — Ry ZI3ATREIC 2 5 2 L ] BT L, #RPENTRSE
By MIEBE#ET AR T RV R = 7 XA L2 ORI 2R L T 5.

HOETIL, ATAF I TR Y T o7 Kk L Wtk BhE & [RIERENE 2 [F8R 2 BRE)
TXDHH LT LLBE & % 2 7- HEM? (Haptic End-effector for Medicine and Manufacturing) &
‘i onicoy o7 =7 2 2GHREL, EAEFRZIT> T D. HEMAIZ AR O L4 L
TRV, f#Ff, HH), =—, EvF, I—O5MEHT 5. HEM*% 6 iOREE LA 2R~ b
IS L, EfAEbE T 2 iz olin Ny NEMRT 5. Zad HWTAREIC L2 K
in-vivo FZBRICIW T, Masselidas # HETTHEFCEX 52 &, M7 ¢+ — Ry 712X VK2
D ERKIRIIND H 72N EEZFEIEL TV D, F72, [ U HEM2Z 3D bW EEC Uk b EE
BRECHLEAL, FEOHICHRBAETHL ZLEFHELTVD. SLICINLOEEF—% %
P45 Z E THEMAC K D2 HEN 7 LA Ny ZHEENATRE TH 5 2 & 2 EBRAYISGEH L TV 5.

BT REIIAROREZTHIL, SHBOBELZBRITND.

UUEET 210, KX TIhEob 2 BHRET Fo7 = 7 ¥ 253 LEERB L OEELH
WZB T DB REREMESCHEN T LA Ny JMEENFRETHDLZ EEZRLIEBDT, vy L7
FIIZEBNWT LT, TEEFGETLEZARDRIRN. XoT, KmXXoFEH I L(TH)D
FNEZTLERPHLBDLRDD.
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WEEE 554740 = K 4

O 4
P L TETE A4 72 AT B & 38 AR 09 T DLV & R~ DI

FEREM B OB FIZIZ, T/ b~ A 7 1 A— MUIZBIT A TFREHIECE &b &
BChHD, ¥/ UFHERQN) R E OB LE TR e BRIy 71X, AER»OEA R
BT A~DISHAN RSN TS, Ll 2B OFBIK S OB ik, K
W IR O T DICEMRIEWME & L COFANRKNETH - 7=, FTATMETIE. 1%
FHZ X DEEMEOM BT — R UM EI~OHE 2 & 51 LV TOREE & RO BEFR
PRRFE SN TV DD, F /2 A— FLVELED R 7 — )L COTCREEIEI AN PRI 36 JE T
T oRETEnTunivyy, —J . R Er—/L(PPy)72 & D o &S T 1. iR
TCIEME EEHEMEEZH L TS OO, WIE R EHERICHK L TRIE « REho 7= he
HHEIA RS TlX7e\, ARIFSETIL, PPYIQN EEROIERLE F /b~ A 7 B A — R LD
R — BT HIREHIE 21TV, W OTERIC L 2 mA EEMATERO B Z B L
7=,

B 1ETIE, AFEOY R & RATHRIC OV TR L, (LEST & B E iRz,

F2ETIE, BEMEEPPY ~QNZEAT L ETERILIZA A b - ¥R MEEDOHE
BIRIZONWTIRRT, A I QN X, & 50nm @ PPy F /7 Ki D RIBICAFAAE L TV
T7o HEAENTHEEME S I ENT ON L. BIRE~OWEIHE S, FHGE
JREBT S Z LN TE T,

B3 TIL, MR L EENFRIEITT 52 & THEIN MO L - TIER L
T g-EREIE 2 BT DB ERIC OV TR 72, FHEEZ L - T, 100 nm @ QN FH23%9
50nm DR {5785 PPy FEIZ 0 L7 - BASEN GO, - BEEE 6T 58
HERIZ, BEREEICBWTHHRTORMESICHBRIEND L1272 AR D -
FA MEGEOEAIEL Y b EXIEFERER R LT,

FA4ETIE, BREESORFEITICE S, HEGEELZ AT 2EAGIKIC OV TR
7oo JESHK 1 um O — M3y MU — 7 MRICHERS L7otdEiE, £ 200 nm O L7
PPy Fi{-DIRIZ QN F / NS LIoid THER S LT\ e, 2o &5 2B 7a
WiEr AT H2EAEIT. HE, < VERLUFHE, SETREREOWTIICEBWT LA -
EBHEEAR I bENERCFER 2R Lz, X, QN ZF)H L= B
BT 5ZNETCOREDOT T, IkbEWEEEBHELBEFELZTTHEDO—D2>TH-
7=,

%5 5 B ClL. PPy/QN BEAKRIERLL O PPy & B L. PPy OFERE & EAXALF RIS
WA LTz, T/ g L~ 7 apliigd 2 w35 2 &2, FrEom EICETH
HT xR RLTE,

B6FETIX, AMFEERIE L., AMEZ AW T-BATATE OA % DR L % R~ 7=,
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& H %5 4740 5 K 4 ek 2ot

AOCEANYE . A BERSOCEEEdR it (T8 M (At

Rl AL B HEFR BN R T i)

B2 E RN A % EEr (T A5 1t

B oA SRR

b (), Eh (9 EERZTERNOPAGEE R SUL, TR & oiE 72 A & 8
PEE T OB & BT A~DOISH] EEL, 6 ORI TN D.

BEREMPELOHEVE BT, T/ D~ A 7 8 A— MV AR — W ZE T D IEREHIESCE A LA
ThD. ¥/ VFHEIRQN)R EORRLIETIEE 2 AR 113, BB OB R R BM I ~D
ICSHABPHFENTWD. L, 2 OFIKS +OERFE ML, REEN CEREDOT-DICE
BIEWE & L CORMANRS Tixew. KX, EEEES 1+ CThsAR U Er—/L(PPy)& QN
DBEGIEOIERB LT b~ A 7 1 A— LA —)UZ BT 5T k> CEEMHOM
b & R DRI 21TV, PPy & QN ik OTE I X 5 mF EEMATEO FEH A HIEL T\ 5.

51 ETIE, RO R LR DAEBEET A AOMERIZEET 5 2 E TOMFFEEE & R
BLOKHLOHONERS TN D.

B2 W TIE, PEEREE PPy ~QN ZE AT 25 Z & TERL L 724 R h-#7 2 MEEDEEIRIZHOW
TSN TS, BASHZ QN I, KK 50 nm @ PPy 7/ ki +ORIBICTEEL TR Y, EHE
RN CTEBMEESS FICHEND 2 & TEMBIE~OEHBNIE Sh, ZECERER ATk
DRSINTND.

B3| TIE, fEME & EANFEREIT TS 2 & THE SN AMOBEC K o THERL L 72 7E- B
EE2AHT 5 PPYIQN HAEICHOWTIRRBEN TS, MBS X - T, K% 100 nm @ QN 23
KI£#) 50 nm @ PPy FHIZ /0 1k L 72 M- iE 35 O, EBIEEIZB W TH ik O FE I E XS
NSNS X512, F22EmETELNTZRA M7 R MEEOHEAKR LY L ELALFREN )
EFAHZ ERRENTWVD.

54 B TIL, AL A ORIFRETIC L o TIER L 7 e 2 A3 2% PPY/IQN A RIZ DWW
TIRRBIN TS, RAFIEIZ L - T, KK 200 nm Ol L 7= PPy KD RIBRIZ QN -/ fEEh 23
BE LTAEEDTER S, SHOICZOMETIESN Lum O — Erblkd 1y NI —7 AL
TWAHZERRHEINTNWD., ok ) BN EZ6T oEART, i, <R LUFHHE,
EIEFEREREO VT ICB T HE 3ETH LN - BEEEAS KR I bEN - ERLP Rt
EETHILENRINTWND.

EEETIE, H2EMNLE 4ETHLN PPYIQN HEIAND PPy ZHilfE L, PPy OfFRe L EX
(LRI OWTIRE LTV A, F s L v 7 u pligiiiE 2 W+ 5 2 & T, BetEom Easar
BETHDLIZENAHIN TN,

%6 T CIE, AL CTE LN ROKREER X OBEFHANT & Ol 72 S, AR Az
AT 31T D EREIE PR OREHES L SR DOEBEN BN TN D.

UL BB 510, RimsTlE, AR 72 W BRI T A ZAOERIZ W T, EEME S
1 & DA LIRERIEN 24T O Bz M BEEHEH Z B L T\ 5. Zhvb oMb, MEMb Tk X
D= X —EREOSHICBN T LH R, TEEFGTLEIARDRIRN. LoT, K
XOFEFIIE L (I%) OPNEZTIERNLDLLOLERDD.
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Paper-Based Analytical Devices with Simplified Signal Detection
for Medical Screening
(BREA 7 V—=2 7% R L LIfBS R A — =054 7 /3 A Z)

A=A L L7227 731 A (paper-based analytical device: PAD) 1%, IR FREKSCIEIR
BAEELH L L, FER 3 X M TEGBIT O BFEREICENH ST D, TFE, 73 ZHEMRT
H HHITENRIR OWIE (A 7 aiilk) %% 72 PAD (microfluidic PAD: pPAD) 723, ko
uTAS O L 5 I FHAED AL L B BRI M T 2 2 FiHlOSHT 77 v h 7+ —A L LTHE
HEZHEDOTWD, Wk 10 4, Ffx RAKRYE %2 JE 3 2uPAD OWFFERRZR S AR ITOI TE 72
DS, EEBG COREMAITIEE > TR, BRIV 2 W TCOFEAMFHMEN AT 2 THH Z &
R, ARF NN E DN TR R M HF I O ST WETERRT 2 FIENRE L TWD Z & nEE
Thbd, TZTARMETIL, BERERY—7 v e LTHUNRITEHIEREZY T, BKRT7 7 7=
U ERTNT R v BTSRRI FTRE72 (WPAD A BA% L, BERY > 7 &2 AW CEMAMEE
RTZEEHBE LT,

1 ETIE, \MAEN—R & LEEEZWT A AR OMER & | ERIGH % f5 M L 72 uPADs (2B
95 E B OWF ST I L OGREIZ W TR L 7=,

B2ETH, BRYNNIVEO—FETHDHT77 b7 2V vk, OB IZBRT 5 & THIE
ATBEZRUPAD BHFEIC DWW TR R 72, BT D7 7 F 7 = U REIL, RIATARY = — 7 U Ve
B & Fixe ORBOBEL LTHNLND, AFE TR, sEEBO—FETHH 7 /LB L (Th3)
D, 77 b7V AL TREAEEERTOMEZRAL, StlkZHWL 22 F 27 7=
VERFRAICHRET 5 Z ST TRII LTz, BiFE L7z PAD 1%, BEfFO 5 Hrikili Té % ELISA i
& BUNLINDRRET, EFEFRRICEGEEND T 7 F 72 U EIEMICEETE DL LN photz, 2
A NMIERD 1%L 720 | 2.5 uL OFRELZ —EH T2 DHTH D720, FTEREEITERER 2 S
15 S 5HE S vz,

B3ETIL, H2ECTHEINLTZ b7 = U VHIEAUPAD O BOHT O F 7 B FE(LIZ O
TRz, HHRROBENS R8I0 “BROEX” 2y 7352 LT, 7ha ZiREG
DOHEFETHRBEY O EET 7 b7 = U RENE FTRE/RuPAD % BH%E L7-, 807 S 2 Hui b4
HIEOIZHWTWE A A TR, V7 MU =TI KD BOGMNFT N RE L 700 | BEIZ X 5 E&HE
MHEBEL 72 o7, IRWEE OBREZET I8 B ORKY 7 NVICEEND T 7 b7 = U VRIERR
1Z. ELISA i L mWHEEZ R L, EAEoEWE MREIKRTZ 7 b7 = U o ik L,

AT, RERIE (TAT V) ZESGICIET 2B TEDORRIZ OV TR,
JRT7 VT BB RRAEREBRO (b2 G RA L B L TiThivs, A58 ClE, IR
TNT I ERMBEERT LT BERIND PAD B Lo, BEEFEORY T ICT AT
YERML, BEO—F =L D5A0 T A N BT AR, Tk O JRIRERERE & A0 1E
MR SN, A —F —IZ L AFARD fERIE, B I SCFER M PAD O 5 23k
ORI LV IEfETH V. PAD fEHFE OIEE LT 5 LD AlREMES R X7,

55 ETIE, B INIET AN ZADONERM T Z, pPAD OEMME~DREEZZ 29 2 THRR5
Z LT AR OREEER LT,
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WEE T %4741 & K 4 (I fEARER

AOCEAHYE . A B MER NP HR Dr.sc.nat. F 7T U4 F=x)

fil A B2 E RN A% (T A5 1t

B2 E RN A % Wt (T5) =K HiF

BERDRTHERER  E (BY) B’m

S (%), Bt (%) WHEEKRRE R OFAEEKFH3E, [Paper-Based Analytical Devices
with Simplified Signal Detection for Medical Screening] (&2 27V —=1 7% AH) L L= 5% HA
RN TR R) L, SEIVMERKINTND.

W Hbt & L7297 /3 A A (paper-based analytical device: PAD) 1%, R FABRHCOITIRBA
WaplL L, (Ko A N TSR ERREICHA STV 5. RS, BESICEEHRROFIE (<
A 7 aiii#g) Z#&%F7= PAD (microfluidic PAD: uPAD) %, {LEED HEMECZTE B [FIFE S 8
FIREZR728D, ITFRERZED TV D, WE 10 R, S E S ERAERME ZRIET 2 (w)PAD OHFFER
FPMRBNATONTE 2N, EFREBSG TOMMIITEZE > TWhigw. BIRY 7L O
B D SRR, FAPFINTEE S W T R 2 ) LT W TR R T 2 HIEO R BEIK ThH
D, T TARWMILTIE, BRY —7 > b LT 2MHEOANERY VR B % HE TS IR ATHE
72(WPAD OFFE L, BRRY TNV A~OFEREZHE L THFEZIT> TV 5.

51T, MEEM & LToERZHT A AR OIS &, ERICH 2 f5 M L7 (u)PAD (2B
T2 I OWFFEBAR R DL KL ORRREIZ DWW TR L TV .

H2ETIE, RRA 7 BEO—FTHDHT77 b7 =) %, HERNOMSEBHTHZ LT
HIE WTREZRUPAD BHIEIZ OV TIR R T WD, RIKT DT 7 M7 = U UREE, FIATA9y =—
TV UEGERER E, A OBRBOEEL LTMbRS. AT, b0 —fThosr T v
B L (Th) OftdtzFAL, FREHAWDZ <77 7= ) U2 FRNICHRIET S 2
LITHIO THEI LT b, BilFE L72uPAD 1%, BEfF O T 5 ELISA 15 & 6%LINDFRZET,
EMNRETZZ F 72 ) VREZERICERTE D, 2 A MIMEKRD 1%L T E72Y, 2.5 ul OFE
R T T H5DHATHY, FrEReITERFMN S 15 S ICEM STV 5.

FIWETIE, F2ETHEINLTZ b7 = U UHlEMPPAD (2 X 5 E & O 72 5 FE(kIC
ONTIRRTND, WA ARY OB T A v ORSE7F N EL, Thu JiREHOEHET
BREOMNOERET 7 b7 =) VRENRGTAII D UPAD ZBi% LT\ 5. ®EHEOME S 25l
THEDICHNTW AT, V7 MU= TICXDEBOMOMT A AREL 72, BRICEDER
RIEN AR & 7o Tz, IRINBE 2 B Tokkx 728 MRIRT VT VICEEND T 7 b7 =) VREDH
ERERIL, ELISAIEE @WHBZ R L, ERMEORWE MRIRT 7 b7 = U ot HiE &ML %
ZEIZEHEI LTV .

AT, R NVT X 2 SENCIE T 2 BTHHTEDRRZIZONTIER TV S, ARIFFETIE,
JRTNVT I RERERZ FET AN CFTERR IS PAD 2B LT, il ORBRARER
MEREDERMECTRT VT IV EZIET S Z LRI L TWD. KR, Ao —F—Z L 5H
RFERIL, B S 3CFRTA PAD O 5 A3 il DRI LV EfETH Y, okhtasy
WrikZzFIH$ 5 PAD i HFE OFIENER EAK S TWD Z & &R L T THEAMERRE .

B 5 ETIE, BRINIT A ADAER T %, (WPAD OEME~DORBREEZRZZ TIRRHZ L
T, AMFROMREZZRHIL TND.

PLEEEF 21, AAFIETIE, S0 CTHIEREDmWERA 7 U —= 2 7 FIEOBRF IS LT
L. ZOX IR, b FERPEFZSBA~"HRT 2 b0 THY, TH¥LE, TR EFHETLED
ARV, Ko, KigXoFEE I (L) OFNEZ T 2ERNHL LD LD 5.
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Fim XEHE
Process Improvement of Thin Film Photovoltaic Devices with Studies on the Effect of
Electron Transporting Layer

(MR BB D VR 7 1 & A s & o -k 20 R B3 5 iF5E)

T RLX—EPRORGVE-CHIERIEREIC L 0 . KEFEMOBZ IR NE T > TV
%o NEGEMOERIZI T DRE 23T, thOREL AT MM Ea A I3
EIRE LTEWZ ETh D, BHGFEOR RITRE = A MEB(L~MTZ, 120
BT 7r—FLZEX N TWD, — R, B BREEOREREY 2 —/b
RETO LR, FMEIOFIRIZ X 5 mWEBRNRE Y 2 — VBRI ThI T\ D,

Z I CARMFIE TR, RO ET N4 AL U THIFRFSIL TV 2 AR R &
ML O\ T 2 A bRBGEMIZIS T 28R om FICER Y AT, AREEK
SRR ORHH E LTl 1) EEMEMEOFIH, 2) A a— T 0 vy a—
A7 V= k7O NTaE R L HER, 3) FERATLXFTT AT AL R
IEMBEG 722, OD3ENRETOND, o, a7 2 hA FNKEEMORE L
TiE. DIREERL, 2) K= X MAFEIOFIH, 3) WA, O 3 mRZET 6
%o ZID 20D KBEEMIZIVT TIO BT EN /-8B Fims g4 /R4, £ 2T,
ARFEIZB N TIE, 2 b OKBEEMIZET 5 TiOJ8 DIERUIFIEDRF 21TV, 7
N AR X D b 21T o 70, FEOFEMIZLL T OMEY Th 5,

F1ETIH, KEEMORES L BEE TOMIRERI Uiz, FRC. ARERKE
BHLE NN T 2 A N RGEMIZER L, &7 51 AORHH & ERDOMFFRIZIS T
%A A B LT,

B2ETIE, EHMEREE WA T U HREEIEIC L D, TioJg ofERL 5 ik
B Uiz, BERIRE OEWIC L 2 B2 THE L, AHERKEER A~ E ik
Bl L TUbHTE,

%3 BT, AMERKEE O LN 2B EREL L ERTIEEZFN LT,
FTO/TiOx/PCBM:P3HT/PEDOT:PSS/Ag nano-network 7> & i % #%H 7 L & 3 7 )L K
iAW T, TiO 8 ORI L 2 EEAZH 5T Lz,

% 4 FECTlX. FTO/SnO2/perovskite/Spiro-OMeTAD/AuU #&EIC L DX 7 A A b K
B DIRIRAER 2 U7, flix OIERISEMEIZIWT T 7 B ks1E  (Latin-
Hypercube-Sampling). Kringing €7 /. £ H UK FIE NSGA- 1T /A& b7
EBREEE A A L, b airo70, TOMER, Xua T A b A hOFERMENREE
BHRICKRELSEET DL LEHLNIC L,

W5 ETIL, WIETICBIT 5 ecm2Ar— L1 D_a 7 A A N KBEMO(ER % @t
LTze WERD2 AT v 7 EOUEEHIE L, AT Iv I A Uy v alkail
AL, ZOFETIE, Xa 7204 NEOREREEDOHIHNFAIEETH L Z & &
S LT, Flo, FBAETHN Lok {ETEICEI Y, BEETIOE & A YV KR—
7 A TiO2J8 Db 21TV, W E TIO B DOEIZ TN 7 4 VT 7 7 X —IT B+
HZENHL NIRRT,

%6 HTIL, AMEIZ L > TRONTZERZRIE L. KB = 5 7 2 Hifrb
FBIZBITDRELE IR,
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WA 264742 5 K 4 ARIYARIT, Atthaporn

AMOCEAMYE . A BEHESSEANFR it (1) A

RIE  BERBRRTHE it (T i 2
BERER R e (%) aff 53
BERER R AN M (T5) Bl X

BERBA MR (FHE) Bt (T Ye— 77Uy

Z+ (T%), &+ (T.%). ARIYARIT, Atthaporn B #2 H O 5%REw 1 [Process Improvement
of Thin Film Photovoltaic Devices with Studies on the Effect of Electron Transporting Layer| (G5
B OER Y v AGE & B eI T 50%8) S L, 6 ENDLER I TND,

TR F—EPRORERLHERERZLIZ L0 | REGEMOBHFIZHIRE AL E > T\ 5, KEyEr O
WRAZBIT DRE 2L, OB AT AHABE IR MREKRE L TEN ETHD, &
B RO m LI E A MEBIL T2, 1 O2OFIRT Fe—FLEXxonTND, —FH, U
v 7B XA TIERAGETT X O 7T 3 Z{EHE TG 72 A B IR B fE oA IR Y T BE
TRWEHNENG LN L0 T AT A N RGBS RIEROREET A XL L THFRFIL TN
%o Flo, IND 2 OOKBEMIZE N TELT ¥ 2 (TiIO) B I =B Tt 2 /R 32 &8
HHNTND, £ZC, AR TITAREBRGEL 1 7 294 bR I 1T 2 ZEHa%)
Fom EZHPIE LT, ZhbDOKREEIIZHIT S TiO @OERFIEORGT 1T\, 731 AGF
fililz X 2 il 217> T\ D, FEOFEMIILLTOEY Th D,

9 1B ClL, KEGEMOESL L BIEE TOMEEZMEIN L, FRICABER L a7 201 ~ K
T OFFH L R DOIFIEICI T DiREEZ R L T\ 5,

B2 mETIH, BEERRE WA V=R AEREEIEC LD, TiOJ8OIER G IEEAZ#E L Tun
Do BERIRE OEWNC K584 A L, AMMEEKEER~OBEFHEEE LUSHLTWD,

% 3 FTIX, AREICR S B O B 2 B E IR R & AR E A RB T LT D, B S E T
a6 JE TS PR s — Vb g 1R B MR (FTO/TiOx/PCBM:P3HT/PEDOT:PSS/Ag nano-network)# i 7 o
%2 B 7 L o7 VK EM A VT, TiIO B OBEFIENC X 2B EZH 5 LTV 5,

W4 FETIX, BHEWE AL EEE R — VS g4 MR (FTO/SnO,/perovskite/Spiro-
OMeTAD/AU) HEIEIZ L D2 _Xm 7 A A b KiGEMORIRMFER A HE L T\ 5, fEix OFERSEM:IC
BWCTTUBHKE, 7 VX 7TV, 2 EEGEETIE NSGA- I & LA bt 7z BRG]

EEREH L, (b a2iTo WA, FOFRER, a7 204 FOFE MR EIRIZK X < BB
HZ ERREHLTND,

BE5ETIX. WEFICBITD cmAr—1LO~a 7 A A b KEEEMOMERZHE L TWD, #E
KD 2 AT v FEORELZHIEL, FATI VI AU v aEREALTWD, ZOHFET
X, X T ABA NEOREEEEHIET L2 N TE D, £/, B4 Z TR LIz iaiEfb FiEI
KU, BEETIOEE AV AR—T A TIO 8D ZITV, WEE TIOEDOWREZ T 7 4 V7
I H—ICHETAZ LR L TWA,

56 W TIL, AMFRICE > THONTR R ZRTE L, KIGEMD I 572 58MBRREICH T 5 RE
kT D,

PLEBES 212, RS ABERRS B O EBER 7 0 X DG e b a7 A4~ KB
AL O 7k g O R L OERFIEICB T 2 bIiIcBAL T, 7 U X 7ET 0, £ HAE
{ETFIE NSGA-TT A G b ERFHEELZEH T2 2 L 0EMMEZIZILO TRLTWVWS, L
NoT, THRIX—TNA ZATEHICBWC LR T E F5725L2A0807<R0n, &
ST, KL OEHIIE L (1% OFNEZTHLIERNHDI LD LD D,
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T CE4A

KAERKBEBAZ 61T 2 JEME H A5 K OB - AL FREFEs /) v 7 OARICS KIET

E_/
Eﬁ%%

KAERUKBEBI X BB E, JFEMES 2w 0oE IR E L TR Vb ins»n, —f#E
bk FEHEH EAIR OB TR D A RUER R D LTS, KB SUKFEEI D EL
BhERIT ) v 7 EEEIN D BEIRBEIC L o THI 2321, i/~ 7 PERE D B 13 B R
M EICERE T 5. 2 OBE BRI KRIC TREED 5255 3 D AT BRI B O TR AR
DHEKTDHZEIZESTAETSD. 20 ) v 71 3REHE ZBRDIRE, [EMEICL 55
B72 E OB /BRI Z, {LFERIEOEFE GEKENVFE) bOFERED. Ko T
it/ > 7 PEREI_E D 72 DIC KRR TR G R DJERE H & KRR 2 M P fe, LEsIGO M
2O T 2 MERH 5.

AWFFEIRIETIRE RO « ENBREOEACNE KBNS JITTRELZIH S )
2L, Sonh-mieo D UREHGEA L, BE LM v 7 MR ETEORE
IZDOWTIRGET 5.

FT1ETIE, BETON v 7 BXOEMB A KICET ARV TL E A
— L, KX OHMERD, ERkER~7-.

552 FCIX, AERBREEE, ERVE, FBRICEERE THOWARIGE LUEHEE
TIICOWTHHA L, EfEgEKRBROERGER L, HRERE A KT LT, #
FOSBUEFHH O 24 P2 MRGE L7z,

B I3ETIE, FHUMIMOBNE I OKY A 7 VOFBZHEL, /v 7 OER - R
A, BLOZFOREIIBRERKKOBRBENFIC L > T—RBICEE bRV, BEKEE
DIRSE « EINZHRT 2 ) v 7 BEOEFEITR N L 2P B0t Lz, S6ID%E
YHEHWSZ LT, /v T OfREMESERE O AGBTE A X, RINEDFHIIC
X5 v 7 BEFMOZLEERAEL, AEKMEE /) v 7 REICBERERHH Z &
R LTz,

BAFETH, BREKROBRSAEBEREOEDZE L U TR AR, BRBEHIH,
PREEEL AR, BOSEMEREICLY, b OEBOELSEHEKEEZICE XIE

FEIZOWTRL, IR TREXKOMMIET), YEIITKT DI OV T HFHT
ATV, ) w7 Akt Ui K 215 2 BV A EIRRIC DWW OR L=,

555 BT, SUEMEEEE HV, BRI TR O B 72 2 RN IREL 2 RN~ 75
Z LT, BEIRHER T AR - EERE A b SE, RE - JE BRSNS KENICE
FIFTHEERLT-.

F6ETI, /v 7RO AFENZEEICHLT 5 2 & TRFTANCEVRE A (e
S, RRTIERAK[DOFIROMAGIC L D2 FKENFLORBIEEL DL WETHZ U
FREFAATV, BREBERBRIC CE DRV R EMEE L T-.

W7 ETIE, AW ORE Ak~
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A& 254743 5 K 4 A 5t
AMCEAMEYNE . A B2 S BANAUE AR (T MR
e B2 HEF NP HR T+ FEF - FIA

B HEF BN PR T+ RAR 1R

BEMEFR B AR R R T+ A FIE

AL, BEIHEZOFH NHIRE L TAL AVSTWn B kIERUKBEBS Colt / » 7
PEREDA EA B E LT, KIEA KBRS COEM B B A EMIZ OV TER B L O
VIialb—Ta XY - ALFEREEOmmNA S 6L, BonTaRE
bl To / vy 7 ARERORE, BILOM/ v 7 HeeEm EFEICO W Tz
R RBEEEIToT2bDTHDH. KiGLIBETTENLRD.

F1EIDE, AROER, BRPREON TS, AEEIE, RRTRAEKDE
i B A& KRS KAERKBERI T/ > 7 OAERICE JIETREL T2 D0 TH
D, HBIETIE, TOERZFL, SEITMERELEHL, ABFEOHAZIE~TH
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Thesis Abstract

Registration . .
“KOU” No.4748 Name Kirchhart, Matthias

Number

Thesis Title
\ortex Particle Redistribution and Regularisation

Vortex methods are particle schemes that were first introduced as a tool to solve inviscid, unbounded flow
problems in two- and three-dimensional space. In this thesis we briefly introduce the mathematical framework
necessary to understand vortex methods and their benefits. When one tries to extend the method to viscous or
bounded flows, however, one faces several additional problems. Our main contributions to the field address three
of the problems encountered.

Our first contribution is a new scheme to handle unbounded, viscous flows. Based on the vorticity redistribution
method, this scheme requires neither a frequent regridding of the particle field, nor makes use of the viscous
splitting. It can thus be used with higher order time-stepping methods. Its consistency, stability, and conservation
properties are proven. Together with the new heuristics of reduced operators and small neighbourhoods we
demonstrate in numerical experiments that the method can be implemented efficiently on computers. The
numerical results are in good agreement with the analysis.

As a second contribution we propose a new scheme to tackle the particle regularisation problem in bounded
domains. This problem refers to the task of obtaining a smooth approximation of a function from a given particle
field. To this end we construct a new class of globally smooth finite element spaces and prove their approximation
properties. The global smoothness of these spaces will allow us to use them as test-functions for particle
approximations. The regularisation problem is then modelled as a perturbation to a stabilized L2-projection onto
fictitious domains. After proving consistency, stability, and convergence of the method we show that optimal
results are obtained when choosing ¢ proportional to h, where ¢ refers to the smoothing length and h to the
particle spacing. As a consequence the complexity of the velocity computation can be reduced from O(h) to
O(h%2). Numerical experiments confirm the analysis and that the derived error bounds are sharp.

Our third contribution are simple and efficient formulae to evaluate the Biot-Savart integral on three-dimensional
domains using tetrahedral meshes. The derived formulae are exact for piecewise linear functions. Compared to the
previously published formulae by Suh, the presented approach is numerically more stable and reduces the number
of required arctangent evaluations from twelve to four. The increased stability is demonstrated in a simple
numerical example.

We finish this thesis with concluding remarks on the results and possible interesting topics for future research.
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Synthetic Coelenterazine Derivatives for Bioluminescent Imaging
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B CTZ FHEAROBIZIZHID TlEh Uiz, BICHTA S LB L, A comfiiao—ii
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Parameter Estimation of Simultaneous Spatial Autoregressive Model
(FIRFZER E CEIRET L DR T A — 2 HETE)
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KO URHLE Z R L, NS HEE RN B, Wnira o, Wl ERMEE2 o2 & &Rk
BHHLTCWD. Fiz, NI A—HXORERGEMEIZ OV THLNT L, FRFZER A QBRE T LVORE
IR S 2R L TND.

TR Ch Y, BT — & LFEIFZEM A CRRET VAR LIz b, FRFZER B ClElR
EFTNDO/NT A—ZHEEICEET ZBEFOM 2B L T\, £z, FRFZERM A CRIFE T vIC
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Its Application to Chatter Avoidance
(AR— R Lk BEEIR TR T 2 ' o L ROJHIHEE & OONY IRE[EDEE~ DS
M)

T, SABAZAB— a3 AAKIET DI, AFEV AT LOZERME L a8
MEIZKTTDERN—f@EE > TE Y, TIEBHB BV TIE B F I TR E-CI T
BB LT L BEAR A R R BERGEL T & . Z IS K BB KD Hi T 5,
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Process-Based Quality Control Techniques in Crowdsourcing

Crowdsourcing has become a popular approach to complete tasks that are tedious using manual
methods or difficult for automatic ones. As crowdsourcing taps the capacities of humans, its
possibilities are endless. However, the unpredictability of human behavior and the actuality of
human error make it difficult to consistently achieve high-quality outcomes, posing quality
control as a major challenge in crowdsourcing. Although many strategies have been proposed to
optimize data quality, their effectiveness is dependent on each particular crowdsourcing
application. To solve this, more techniques and experiments from which humans and algorithms
can learn from are needed to be able to build a recommendation system that proposes quality
management techniques depending on the attributes of the crowdsourcing application.

In this dissertation, | approach quality management in crowdsourcing based on the
sub-processes involved, specifically: task design, task deployment, and task assignment. | first
experimented on factors affecting task design. In particular, I tested the effect of task complexity
on a data extraction task and crowd type on a sentiment analysis task. Experiments show that
there is no significant difference in the quality achieved from simple and more complex versions
of a data extraction task and that the performance of paid unpaid workers are comparable in a
sentiment analysis task. For task deployment, task deployment strategies were proposed along
three dimensions: work structure, workforce organization, and work style. To
semi-automatically implement these strategies in a crowdsourcing platform, a deployment tool
was designed and developed. The effectiveness of the strategies when applied to text creation
tasks were then studied and recommendations were drafted for both crowdsourcing researchers
and practitioners.

Finally, for task assignment, a fuzzy clustering-based method for building a personalized
summary of tasks, also known as composite tasks, for crowd workers was validated. As
observed from the experiments, personalization improves the workers' overall experience and
that diversifying tasks can improve the workers' output quality.
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Cruising Control of Electric Vehicle Using Situation Transition Based Driving Assistant

The increase of the number of cars registered around the world created several problems such
as environment concerns or road traffic deaths. This thesis aims at proposing solutions to the road
fatalities by using active driving assistance and remote control of road vehicles. The active driving
assistant acts by offering an automated support to the human driver through torques on the pedal
and steering wheel of the controlled vehicle. This support has a better reaction time and is not
subject to focus loss. Application of remote control enables to shorten the duration of continuous
driving sessions and to reduce the exhaustion of the driver. However remote control implies a
communication time delay that can be a source of accidents. This is the reason why this thesis
proposes a combination of remote control and active driving assistant that can react to the
controlled vehicle's surrounding without time delay.

Chapter 1 presents the motivations of the thesis, the principle of the proposed driving
assistant, and outlines some related works and the framework of this thesis.

Chapter 2 describes the methods used to analyze the car's environment to detect and locate
possible threats. Several types of objects are detected through the use of a stereo camera system
and different computer vision processes, which combination is design to improve the quality and
speed of the detections. Methods to reach that real-time computation are described. Moreover, an
information sharing protocol is also introduced.

In chapter 3, the methods used to compute the assisting torques based on the representation of
the detected dangers by virtual potentials are explained. A control sharing is created between the
human driver and the automated support. In order to improve the efficiency of the proposed
method the effects of both the human and algorithm on the control of the car are modulated thanks
to a fuzzy logic engine.

Chapter 4 describes the small and large scale vehicle systems used to validate the proposed
method. A one seated electric vehicle was modified to enable the application of both driving
assistant and remote control. This vehicle is used to test the behavior of the driving support in case
of line crossing. However, it would be dangerous to test collision avoidance using a vehicle of this
size and mass under remote control with time delay. That is why a 1/10th scale car is used to
conduct those tests.

The results of the conducted experiments are analyzed in chapter 5, in order to verify if the
proposed driving assistant offer the desired behavior. Moreover, it is difficult to choose evaluation
criteria able to sort different propositions of driving assistant in function of their efficiency. This
is why a method is proposed to realize such evaluation depending of the desired goal of the
driving assistant.

Chapter 6 concludes the thesis, summarizes its results and contributions, and proposes
possible directions for future work.
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