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Thesis Title
The Utilization of Boron-doped Diamond Electrode for CO; Electrochemical
Reduction: Exploring the Production of Value-added Chemicals

In many years, the conversion of CO2 to value-added chemicals attracts researcher all over the
world. Among all the methods that have been introduced, electrochemistry is one of method that is
used for CO:2 reduction study. However, high potential is required to transfer one electron to the
CO2 molecule, leading to many obstacles as it may compete with hydrogen evolution, in addition to
its high required-energy consumption. Meanwhile, boron-doped diamond (BDD) electrode has been
known to have a wide potential window that might suppress the production of hydrogen as a CO2
reduction competitor. Beside, its high durability of chemical and mechanical stability will give
outstanding characters for real application. This work will focusing on the exploration of CO2
reduction products on bare and metal-modified BDD electrode.

In chapter 1, general background, purpose of the study, and also the overview of CO2 reduction
using BDD electrode are summarized.

In chapter 2, CO2 reduction on bare BDD in aqueous ammonia solution was summarized.
Ammonia solution was used as it has high loading-capacity for CO2 gas sequestration. Here,
methanol was produced as the main product at potential -1.3 V, with maximum faradaic efficiency
of 24.3%. The reduction of COz2 to methanol was found to be the reduction of bicarbonate species.

In chapter 3, the study is focused on metal modification on surface of BDD electrode,
specifically by copper (Cu) particle deposition. In this study, C2/Cs species were successfully
produced with high efficiency. At potential -1.0 V, ethanol, acetaldehyde, and acetone were
produced with faradaic efficiency of 42.4%, 13.7%, and 7% respectively.

In chapter 4, CO2 reduction on palladium (Pd) modified BDD electrode was studied. CO was
produced as the main product, with faradaic efficiency of 53.3% at potential -1.6 V. This
modification could improve the production of CO up to 5 times higher than on bare BDD electrode
under same reduction condition.

In chapter 5, the study of CO:2 reduction on its oxide form of Ni and Ir particle modified on
BDD electrode was summarized. CO2 reduction using Ni modified on BDD electrode was hardly to
be obtained. On the other hand, by modification of BDD surface with IrO2, the improvement of
HCOOH production could be achieved with lower potential than on bare BDD. ~50% faradaic
efficiency of HCOOH could be produced at potential -1.7 V, in which, this production is usually
produced at around potential -2.3 V on 1% BDD electrode.

Finally, summary and future perspective of this work are described.
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Development of Portable Analytical Devices for Organophosphate Pesticide Detection

Substantial efforts have been made to develop enzymatic biosensors based on screen-printed
electrodes and paper-based devices, which both are prominent approaches to qualitative and
quantitative on-site analysis of pesticide residues. However, none of the hitherto developed biosensors
has become available for practical applications due to limitations in enzyme stability, the requirement to
perform multiple assay steps and the use of complicated and expensive methods for enzyme activity
stabilization. To overcome these issues, the current work focuses on enzyme activity stabilization, the
simplicity of sensor fabrication procedures and the reduction of the assay steps to be performed by the
user.

Chapter 1 introduces the background and summarizes previous researches.

Chapter 2 describes the development of an amperometric enzymatic biosensor for organophosphate
pesticide detection based on disposable screen-printed carbon electrodes (SPCE), surface-modified
with gold nanoparticles (AuNPs), functionalized multi-walled carbon nanotubes (f-MWCNTSs), chitosan
and the acetylcholinesterase (AChE) enzyme. For electrochemical measurements, ferricyanide was
used as a freely diffusible redox mediator in solution to eliminate interferences. AuNPs and -MWCNTSs
contributed to biosensor sensitivity enhancement, while chitosan was applied for the stabilization of the
AChE enzyme.

Chapter 3 describes the development of long-term stable flow control-based 3D microfluidic
paper-based analytical devices (uPADs) for the single step analysis of organophosphate pesticides.
Flow rate control was achieved by integrating a wax-patterned microfluidic channel into 3D paper-based
devices. The slow movement of sample solution enables two simultaneous processes without requiring
any user interaction: the inhibition reaction between the pesticide and the AChE enzyme, as well as the
hydrolysis of indoxyl acetate (IDA) by the remaining active enzyme fraction, resulting in the colorimetric
signal. AChE was physically adsorbed on skim milk-coated paper substrates to prevent non-specific
reaction and to stabilize the enzyme. Finally, fully reagentless paper-based 3D devices with integrated
pH buffering function were developed.

Chapter 4 describes the integration of electrospun membranes into the flow control-based 3D
devices to further enhance the enzyme storage stability. The AChE enzyme was entrapped into an
electrospun polyvinyl alcohol (PVA) fiber mat, which was then integrated into the 3D uPADs.

Chapter 5 summarizes the achieved results of this study.
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Cutting Tool Parameter Identification and Machined Surface Quality Inspection Based on Deep
Learning for Advanced Machine Tool Development

In order to develop advanced machine tool system, this study aims to develop a cutting tool parameter
identification and a machined surface quality inspection system using deep learning. The cutting tool parameter
identification concerns object classification, while the machined surface inspection falls to the texture analysis
task. To cope with both problems, deep learning using a convolutional neural network (CNN) is developed for
vision-based identification and inspection. Unlike typical machine vision methods, CNN automates the feature
extraction by embedding the convolution process into the network.

Chapter 1 presents the background of this study and the importance of developing intelligent machine tool
systems in the manufacturing field. Subsequently, literature review is presented to give an insight about the
current development of machine vision and Al implementation on industrial application, especially on both tool
parameter identification and surface quality inspection that will be the focus on this study. At last, this chapter
explains the gap of previous research and introduces the objectives of the study.

Chapter 2 discusses cutting tool parameter identification problems and the proposed system to solve the problems.
This chapter elaborates the detail flow of the proposed system that begins with tool type identification based on
image until the accurate tool length measurement. The aim is to develop a fast, precise, and reliable automatic
on-machine tool parameter identification system. The approach comprises three main steps: identifying the class
of a tool, estimating its dimension, and measuring the tool length based on information from prior steps. In the
first step, deep CNN models are developed for image-based tool recognition problems. Subsequently, an
automatic dimension estimation algorithm based on the edge-detection method is proposed. The outcome of both
steps are then used to automatically generate a numerical control code for the measurement process using a
contact-based displacement sensor. Also, various architectures and configurations of CNN that are the core of
prediction models are described.

Chapter 3 covers the second problem which is machined surface quality inspection. It discusses the two aims on
this problem: estimation of surface roughness and identification of chatter. Accordingly, the proposed image
processing and deep learning models for this problem are explained. The proposed method avoids excessive
feature extraction since this step is integrated inside the network during the convolution process. Several loss
functions for the prediction model are presented and analyzed based on its suitability and accuracy by comparing
to the actual roughness obtained by a stylus-based profilometer. Further, this chapter describes the proposed
combined models that can simultaneously solve both aims to increase the inspection efficiency. The performance
of the proposed model is assessed on surface finish of conventional machining operations such as outside
diameter turning, slot milling, and side milling with various cutting conditions.

Chapter 4 presents the experiments on both cutting tool parameter identification and machined surface quality
inspection problems. The chapter discusses various aspects of the experiments, i.e. the data used, the performance
evaluation, the experiments setting, and the results. Furthermore, analysis of the results is presented, both on
effectiveness (accuracy) and efficiency (processing time) aspects of the proposed models.

Chapter 5 presents the conclusion of this study and summarizes the advantages and limitations of the proposed
systems. Finally, this chapter explores the room for future works by considering the improvements in data
acquisition, method development, implementation, and objectives expansion.
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7R TR B LT, 97 X HOBAEFEIT-CIEEN X0 mic s 2 3B 3 & OFHE e &
MERENTWD. 22T, AR TIE, faa 25D JETRE RN, MERRaE 12 kX
TAEHREA D SE BRI, BB B SR A RIS & LT G7RpIEREN 72 £, EBSD 1EIZ S < &KaMiliiE %
BT D L& & bIT, YGEER DR FHNE & 0% 7RG EERTATG 3 L OYE 7R EE P INCE A 2 2 & 232
TW5.

FB1IEIIFMTHY, AWFROE B IOHIERRIZ OV TERNTNS.

F2ETIE, 7274 MBI T =4 b« =T A MllZXIRIZ, EBSDIEEZHWT, 57
TR AEIRTRICEIT D 3 FEA DRSS L A2/ T A — % (KAM: Kernel Average Misorientation, GROD:
Grain Reference Orientation Deviation 33 X OMA]l— & O H 281k (40) ) IZ DOV THEE - fit L T 5.
ZOHT, A0ED RS L PEFTREBEXIET D E LI, EOMEITRAEE - oI L 67, I
SHROEAERFETHIINL, ZOREMT LI LERLTND.

BIETIE, 774 MR E L, EBSDIEIC K DM TFHIREE T /A v T T —vay
WX DM SPIEOHEND, S TRHZHEEL T D ATPRIEITEEIICEE S O RN K<
BT D22 ENTEDE L BT, HEEM S OIRWEI S D UIEE AU ERE U 72 58I S5 R G C
HHZEEPLNIL TN,

%4 FECIE, B DML E AT DR A A MR RS A 0 BRI L CHREE AR K
O 7l A it U, BIFIC L DI %A X D9 REIIF BTN OEWIZ L > TEORES
MNHHRT DHEDH D Z LB TNDE. I, HOFEICL B REOELEZTHAEL, il
FHENZBIRIS DM 513 E, TAMIETRENMETT5Z &2 /RHEHL TS,

BSETIE, FH4ETHONIAMREEEI PR T 5700, HfRIEEIS KT DR
O3 PRAE AUWTIS ) 2 BN LTl b B EE 7 VAR L, £ivEd AW oA BREFETE (FEM: Finite Element
Method) fEHT 21T > TV 5. Z ORGSR, Hidb AL OEWIT K 2 Hifdia A Wrakii &% 5738k oI ) E
OWEBEEZHELL TWD. £, HFNORRLERICEIH D L) LOSERET, SARES
FREZIZEET 5 FEM T 21TV, FET X0 200 @pgaffEss, FHin, AfRFci o3 —E
BlC72nZ &R, T30 GHAIFEIC X 2T RETHINAIE TH L Z L 2k TN 5.

o HIIMmThHY, RFROMELHRIEL T\ D.

DL BB HICANIZEIL, EBSD VEIZI-5 < /R i 2 b Bds L O & T K 29 97 EH
ALDO TR Tk B QNS iR B ) O B o3 i AW S~ D528 % B 18 U T2 9% 97 58 11 1k
ERETDHLOTHY, MEHEREFOSTFICEWT Ly E TEEFETDHE ARV,
KoT, KX oOFEFITHEL(TF) OFE2Z T LEENHLHDERD L.
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Thesis Title

Advanced Approaches in Biped Robot Control for Haptics Applications
NTT 4 7 ZERAOTO O " @A TR R v MEEIZ T 5 R T 7 r—F)

Technology advancement has made a dramatic change in human lives in the modern world which leads the
people to find things that can ease their tasks. Also, it becomes necessary to perform the daily tasks more safely,
accurately and efficiently. For this purpose, robots are developed. It is possible to reach the places where human
cannot reach such as hazardous places, with the use of robots. Therefore the safety and the efficiency is
guaranteed with the use of robots. The ultimate goal of this research was to achieve remote human support. This
require master slave systems. Since a remote operation is done with the involvement of human, it is required to
have haptic feedback in addition to the visual information. If the robots are operated in the human built
environment, robots with the human like structure would be ideal. Therefore study about biped locomotion for the
remote side, exoskeleton operation for the master side, and accurate motion transmission for both sides are quite
necessary where motion control is the starting point that discusses all the fundamental theories lying underneath.
This thesis was focused on advanced approaches in biped robot control for haptics applications mainly used for
human support.

In chapter 1, the motivation of this research and the thesis structure were explained under the introduction.

In chapter 2, background and the related works related to various biped locomotion methods and mechanical
backlash cancellation methods were explained together with their pros and cons.

In chapter 3, robust motion control was described. Motor model, acceleration based control, force control, and
position control were described in this chapter. Furthermore, disturbance observer based robust control, sensorless
force estimation via reaction force observer, and bilateral control were also explained in this chapter.

In chapter 4, biped locomotion based on haptics was described. Conventional researches related to biped
locomotion require high computation power and accurate models of the robots to realize required goals. However,
with the proposed haptic based method, it was possible to achieve dynamic walking without such necessities due
to direct motion transmission. Human walking information obtained by an exoskeleton robot were used to
generate the trajectory of the biped robot in real time. Also it can be used to teach the biped robot for the later use.

In chapter 5, performance and accuracy enhancement were explained. In general, motors in an actuator are
placed away from the end effector to make the systems lighter in weight. The motion from the motor to the end
effector are transmitted using a medium such as gears or thrust wires. However, introduction of such media create
mechanical backlash. When the accurate motion transmission is required, it is necessary to have a backlash free
operation. The proposed method can be used to cancel the backlash effectively and efficiently with the use of two
motors and maintaining a constant force/torque between each other.

In chapter 6, conclusions of this research were presented. With an accurate motion transmission and control for

the haptic based robots, it was expected to realize a humanoid robot that can support human life.
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EEEEA RE L T D~ AKX « AL —T7 ARy AT AL, ADSEHAY D3 HFEE 72 REEH
Ry NOFEH TOMRMRMEER R Y b, EMESOANOBMEZELZ BN E Lz Ee Ry
h DI, ZOYERICHICELREE > TS, ABFETIE, 9 LIZEEEICET IRy
NATLE LTI TER Y ML TZ T TN AT MZEHL, AL—784 v b
ELTO @A Te Ry hOREFHIE & &I, BRBIETONOBEXED =D DO NTT 47
AERIZESEmEE—varary ha— LV RFEERE LERNZREZ T2 b D Th 5.

B ETIE, AR BRI, HFEOAER T B X O ST 2 L TV D,

2 ETIE, RS TRA Y NOMEOHEE RLZRX, ZdTe Ry N4 - 2
L—7 Ry FRAT AIZBT 3 T T FAGEA~OISHEBICOWTHE L TWb. £, £
HHE Y AT LB T H2HEN Sy 7 7 v VO MLBEMEIZ W GRR TV S,

FEIETHE, N TT INAHEOEMERIEOT-OICEE L2508 NA R E—v g3y be—)b
FIEZOWTORLTWD., FRCAELA 7 — N2 XD IEEHIE, 1Y L 2 To s LW
PNEEHIE O FEARERIZ OV TRL, ZHHIZEDNW NS FT7 TN ON TR TN S,

FATETIE, T T 4 7 AFRICHESW RBITRARY PO AKX « AL —TaRy NIRRT
LZOWTRL TS, BB TFIETIHE, ~AXBLXOARA V=N X5 TEMEEZ NNTT ¢ 7 A1
WEEBITHFMIBETHZET, vy NOFEMARET VEBEET LA L —T o @4k
fTaRy MCXABBAITELTEITER L TWD. 22T, ~AXAOA L —F (3K & O
KRB 2 NTT 4 7 AMFRICL VT DN HREL o TS, Fiz, AL—TfllnRy hD
REMEEIC, AT T4 T AKIENZ XD T Mo HIREE A EA L, BN EMN % W
bEw25 LT, BELZEIICET D~ A XA L —Z OEEAR ORI G IEh-> TV D, 1%
FIHEOHEIECHONTIE, v al—a rBIOERERICLVMEREINATHS.

S ETIE, AFEOR Y hU AT ATHOTWDXT RE—4% OERE DR EFEE2IRE
LTW5., — I, N7 Ty VEORBIIKGTT DI ERNGFIET D L, ~TT 4 7 AIEH
DIGENHESNTLES. 22T, KR TIIVA » RIA THEZEAT S Z LT, flEAH
7 NTY ZALZE STy 7 Ty TENRINTIET 2 FELREL TV 5. BEFIEOHIME
WZOWTIE, Y al—ra rBILOEBERICKL VBRI TN,

o mETITMmAEL R, HONTEHREOBEELRFTEREZENLSZORBEIZONTRIEL TN,

PLEZES 21, RUFSEIEA L—7 N @B fTaRy hefHne~vAH - AL—7mrkRy b X
T AZBWT, AN TT IHENZIESN T ANT T 4 7 ZERORIEIZ LY, A L—T [ R AT
a Ry NORANOLE LT-EMEORITIEEZ R L, FEERIZEV ZORMIEEZFZIELT=H D
ThdD. ZHOHDIERIZANOEESLEZ & L b, S 7T 7 VHEERIS A E B\ T, T%E,
T EFETDEZANPDRLI .

X oT, KEmXoFEZHIIHEL (L) O 22T BER’HL LD LERDD.
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Successive-Approximation Based CMOS Process-Scalable Hybrid ADCs
(CMOS F'ut AR —F 7V BIRIET N4 7 U » K ADC)

CMOS FHAIME I EERROATHRIBE OB IIRIEICEAR Lz, Z o X 9 Zefdih o System on Chip
(SoC)ZRH T HITIET e VEIENRLEATH D, B 2 (XTARE(E 2BV T Analog-to-Digital
Converter(ADCIIZAEE B & T VX WA T L7 DICE L 70 D, Jei SoC 1L TE L7217 V4
WK T 2 MET 5720125 CMOS Y rtv A2t sy, 7rhu ZEEOMEIZ CMOS
bz kv K& BT 2, BIZIEAT T OEEFETH 57 A > ix CMOS i EIRE
JEDOIRIZHVME T 95, —F CEEREOERICL Y 79 v RIS 2 EEERITE LB

L RER L LTI Y e 2121 5 ADC ORGHIR T ¥ Lo VU 7RG OU L DL o> T
Do AWFZETIIMAMEOBEZ R E < ZT b2 BIREHEEZ G Lo A 7V v K ADC Z#Ek
L. ki L7 ADC 7 —F 7 7 F v ORE LRGN M2 2 L2 AfEL Lz,

%1 = CTEFEO T 1 Ak oBhn & 7 a RS T DA R T, F T R A 1
WROT —%7 7 F % L0 LK T 2 BAEDN <. BN ENDIEIGONDL Z LERL
7=

52 ECIIBRIRIEBHEZ 2 A v F b FX v U AHIEGIISH LT 27 o7 (DA) Bz
R LTz, DAITZEREEBHAE 2RI 5720 Bk LRt 2 R HIH R E ) b7, ek
DANT »TE b T P AZVERIC Ko THIERE R RE S TWZA, DA TIERZER ORI

(B> M I X o> THIBHEDNRIES N D, 2% L7z DA Iy | FENS M T v
AL DT Fu ZMERE A Y)Y B EREF 2 ATREIC L7, DA % H\ 7= Pipelined-SAR ADC % 28nm-
CMOS 7utv ATt idfEL. ¥+ U 7 L— 3 & HAV91261.1dB » SNDR ¥ X 00 12.8fJ/conv.
DS A TR THER L=, HEROFS%D ADC 12Xt L 8 DB OskEx Eik Lz,

%3 ETIIBERHIKE 7T v v 2B A EBNCUIVER D5 A T I v 7 7 —F%7 7 F v BT
R LT, BIRIEBITERL D LEENRES | 77 v V2 T@mEENEEE NN RENLEND
FRAHAD 72 BIGR 2RI U L BIMEE I BUE U CTER R & 7 T v o = O HEIG 28R~ B I
Wk T 52T, WEEHOBHBIERAr—) v 7 EEBL LU, AIREZEA L7 LY ADC
% 65nm-CMOS (2 CTi%at. B1EL. 1.2 ¥V TN mHDEHE ADCIZBWT hy 77 T ADET]
BhER A R LT,

FAETE, FH2FE, H3IETRELELAD BHROT —F 7 7 Fx 23 bIZmEfbIE 5720
DFEE LT, HEERIC LS WEATEERE 2 F oW, B L @l ey Mg a1T
5 ADC I HOWTHER L=,

b HEICKETHLNILAREE LD, AMIEEZRIET 5 L L HITARDEELR T,
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PN 6 it (%) fUF i
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CMOS Process-Scalable Hybrid ADCs (CMOS 7' B & AR 57— TV BRI NNA 7 U v R
ADC) | L, SEMNOHERINTND.

CMOS LTy, RS A HREE OBE T RIBICES L TS, 2o k5 Rigo
System-on-Chip (SoC) % EELT HIZIX7 Fr JRIENUEATH L. fl 2 TEFEEFITHB N T
Analog-to-Digital Converter (ADC) (X255 % T VX /WA T H7-DITZE L 72 5. Sl SoC
IXTELREFTVE N EAL T X MET 57201250 CMOS 7untv 2 TliEEND 2, 7 s
BT D7 A 7 EOPEREIT CMOS #fbic L 0 K& < BT 5. — 5 TllE K ORI
K07 7B T A MEREERITHE L TY, fEE LT et X215 ADC Oi%E
L F Y LoD T RGEOOE DL TVD . AIFRIIMALD BEZ KE L ZIF b D&
WIS Z G L7z ~A 7 ) » K ADC ZHR7E L, ki L7 ADC 7 —F 7 7 F ¥ OifRE &
REHEMT ARSI T A LA L LTS,

1 ETIE, TEO S ot 2 oBiE & 7 F e FRIENZ T S EEICOWTIRRTNS. F
7z, BRIBHEREDWERDO T —% 7 7 F ¥ L0 A LICH T 28R G <, BB 12N
/oD EEMHL TV,

52 MTIE, BB L A A v F b % ¥ /N0 ZHEIEZRIZISH LTz Digital Amplifier (DA) £
MZEREL D, DA ITRRIEREEZFIHT 5720, MAEIZHE L2 fE2 R D, HEREDD
NSV ERD AT UL T VA OEMRIRIC Ko THIERE S E ST 2ay, DA
THEBRIOEE (B MO 12X > THEERENRES LS. 2% L7z DA IRz mn T
BY, BIEEEND T PAZOT T a 7R Y0 BT REE A EEL 72D, DA o8
AT TA v - BRI NA 7Y v K5 ADC % 28-nm CMOS 7' 1+ A Tkaf, A1EL, ¥+ U7
L— a3 & HWTIZ61.1 dB @ Signal-to-Noise and Distortion Ratio (SNDR), 35 & T8 12.8 fJ/conv.-step
DESINR A2 TR THR L TV 5. BEFED ADC IZKF L 3 5 DE R EZZER L TV D.

B3 ETIE, BREHEELE 7T > v 2 A BNV B2 2807 —F 7 7 F v R TE
ERELTCWD. BREBIIEIRLNOEENELS, 77 v 2 3@ Th o0 HEBINKE
W EW D FRHE R BIR AR L, BERIERICIG U TR E 7 T v v o O FEIS 2B o
HEWIC RS 2 2 & C, @ ORI LB EE o 7B ) O BIfR & 1171 214 85 1 HIIEh 3
ZEHELTWS., FIREEZEALLZY 7 LY ADC % 65-nm CMOS 2 CTi&at, #f1EL,
1.2GSample/sec D ADC (2B W CheaMERE DB I F 2 MR L T\ 5.

WAETIE, H2E, HEIETIRELIZADC DT —F 77 F v 2 S LILEELSEL 0D T
BEE LT, I LS WEAAREE R R t, Bk kv bEdERg ey MHika179
ADC Z#RL, TOAMIMEZT A M F v FICEVEIEL TV D,

BSETHE, FETHONIENFELE LD, AMIRERIET 5L L HICABOBELZRITND.

PLEZEF 512, ABFSEIE CMOS 7' 1 & 2 ORI EIZE L 7= @l & 0 iR e ADC O Fi7- 723k et Fik
FREL, TOEIMEEZFGELIZbOTHY, EREESTFICBW T, TEEFETEZ
AWRLIL 0. LoT, RigXLOFEHITIEL (T%) OFMEZTHEERRHL LD LERDD.
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WEIZ XL B CSICRET 2302 L L E S CSICBb A BERERELHLNZT H Z
EEBNET D, HikE LT, WEEH DN EEBHUNIETIETCHL T 7 a ) h—F
CLF AR ZHW—F6100 CS ZEE L, ¥ 2 MR I OB FER 2kt & Lizr—
ARABT 4 BATH, BRI, AR 7 —AAZF 4 IC L > TEBNT-MRERETH 2
ETCREEZN CSICHbIERLMEEEI LD D,

B—BIZBWTIIAMIEO B & 2 02 5. AR OV Tk~ 7z,

HEIZBW T, #i5/NETH T CS ~DME & FE i LT-, RimDOWFeE gz b
L CTHERADA U ZE a—217\0, Hillki~DEF2EMoERE 2R L., CS ~DkE%
iTo7c, ZLTC, ARD 4 7 =—XTh HBURMER. FHl, ., FHmEEALE0T A 7
NERW, A v ZEa—nbREEFTOT ot 2525 L, KREFIZHONTORE L
A BT LT,

FoEIZBWTIE, AR THELNEHARZ S L2 8 FHHlokiEiz X 5 CS 2 3Tk
. FEHIFHAE, BEEF EEEE ~OEELA X B e — &7, BT DG ORHL
EE LD, RHUSMNILEE AR CREFZOKRE LR Lz, ZORE, @I 5
EREF ORI E LT B & ik, MR~ O3t FIAE O CS 12X L TOEE
FERBFRD DTz, Flo, BEFICLD2EEORMBE LT, RN OEE OIRE %
LT LTz,

BNETIT, B EBLEFE -FEICL->TEONTMAEZRA LEEZE N CSICBEDLS Z
COBERLBELELDE, BEERLELT, KL TEEMHRZED HZIT TR L,
WHEBEZDEDN L WESOEE, HiE, B EOSMRESE TH%OERICH
FxFtOEMZHWTEE L, FREDERTR I 2=r— a3 U OHNAEZE L CSD
BfRE 2L 272DtV 7 BV REFHET 572 &, AlER &R FikEEAT
WHZ EEW LT LTz, S LT, REFTOERIZ CS DFIEME~OBERES, BT
% DOIEE ~OfFe 72 o ) OREEZ R L, SEIEOT- O ORBEELRL LT, A
JElL CSICREZ DB DL D =—ANEE 51T, BEFZOEEIOILN Y OFMMEEZIA L
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B E SR BN A it (T%) NN IN

HUR K- it (T%) I 405 B -

EE (T, H EEEREOFAFERGH L a2 =7 s o-0vokEic L aE 0 A
— ACRBET A - T a VY —F e —AAEZTFT 4 EZBELTC - LEL, WEMLSRST
W5,

N — B RIITEIC L » THRICIRMHE SN TE LR, AT VREZ OB SR RN DITEIZL D
A —EROME/NE T I, TRBVESGOER 72 EMA O — X ZEHT 5, A0
AL E TWD, ZOHRT, JARD ZRETHE0O0R, FREAKMELIHIK I 2 =7 1 D728
DLZBERBRIEAEME L TOIE L AR=Z(LLT CS) ThD, IF, FRHABDOALZLTLID
HEF L CS OREFEEEICEb > TW5, LT, FtEcH L TOEBROE LV O ibiT
WRWEEZ kv 7 OUIEIZ L > TCS RO HNAFRFREIML TWD, £ 2T, KOS TIds
HHFFOHEANDHEIZ L D CS IZRET 5 FEREHE & BN CS IEb o ER EEZIH LT
THZERANET D, HikE LT, EEE O REBRNIEFECTCH LT 7V a ) —F (U
T AR) ZHW—FFD CS #FE L, Bie 2 BRI ORI 25t G & Licr — AR X T ¢ %47
). WBIZ, AR E7r—AAXZT L IZE > THLNTZHREZRAET D Z L TEREZ N CS I2bD
BEERLHEEZE LD D,

BBIZB W CIARMIED B & 2 OS5, MR DV CGlR 7z,

B EIZBW L, M/ C CS ~DOSE % 50 L7, RGO E NS E & L TERA~
DA U HE 2—%(TV, Hillk~DOIHFEMOBELELEMHRE L, CS ~OUfEEIT-T=, £ LT, ARD
47 2 — X ThHBURMER, FHE, Fhe, M EEZOV A 7 Va0, A V2 Ea—hbdfEE
TOT Y AZ5H L, KEFICHOWTONELBEEZH ST L,

EEEIZBWTIL, AR TEONARAE S & 1T 8 HHOBIEIZ L 5 CS 1T STHkFHAE . FEHFHA .
R LEEE~OPEEA v H B a—2fTV, BT DR O E £ LD, BEHISMC L E
ERJAHIR EIREZ OUE AR Lo, ZORER, Ll T HREOREE LT, PR & ik,
HUBCIR L~ DRI, FIHZE O CS 1Tkt L TOEBMNPIRD bivlc, iz, BEFIC L DEE OFF
e LT, READOEBIDOIEEAZ ] 52 L,

WUETIH, B BmLEFE B> TELNTEMAEZRA LEEZN CSICEDbLZ tnEFK L
MEEE LD, BRELT, Rt X TEREMEZED T TR @FEEFNEbN
WEEORES, FiE, B EOSRMRESSE TR ORI L BERGF O E WS L,
REDHTEHRaI 2= —2 a UOFIHE & CS DERE S D720 DR E/L 7 EL R
FET AR Y, AR REE FiEA A TS Z EHRHLMC LT, e LT, RHDEEIC CS
DOFYEES~DEZE AR, B Tk OEE ~ONKGNI 7B 0 OREEA MR L, SRERLO 7D DR
B h BT, AW CSICERENEDL L =—ANEmE DL T, BEFZOEEOILNY OI5H
MEHGZ LT, ZHUCEIRE L R LT,

LEXD | AZETH LN RITABROMIE= X 2 =7 4 OO DOYIEIZ L D CS ITHEFL N
FhoEREBELE LD, LFNICHFETLLIANREN, Lo T, KiwXOFEHITHEL (L
) DN EZ T LEEBH LD LBD D,
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T W X 4

OAME 75 OIS L OVEIIR B 00 A /X — AP 5D < i 7o FEREAR L O BcHE e vk

VAR, HHBERIFICESS A~ — F~ L2 7 OEBRPHHBENTWS. KT, O
(HR: Heart Rate) DL, MRS L ORHREATHET 272D OFIE L L THWHRT
W5, HR =4V 7%, LiERBEMEOPIHRE A2 X U & T Dkx 72008 TR R
HMESTVD., TR, #EME L2 bamitliEa—F ~ORENRRKRE W, HR AH)
R REETTICRET 22 ENREE LW, 207, Ry 77— Lb—& % H 7o
FREENTER SN TS, Ry 77— =X HWIFEMA HR E=4 1 » 7128\ T, I
Wt Z OMARENC KT 2 4% 1L HR #ERKEA2 S LS E2ERTH 5.

AT, Ry 77— —FOZEEFITBITLHE ORBLIRET 570, LIE 5 ORH
IR L OVE W IR D A R— A EEEB LT T 4 FIEFIRHE (BSS: Blind Source
Separation) X NA/N—2 A7 MUK (SSR: Sparse Spectrum Reconstruction) @ 2
ODFEERET .

1 EIFRTHY, AROERE BN OV TERTNS.

# o2 BT, OB ORENZE, BIOMERIEORFEZE LD, RIEDOEFN— 3
IR TND.

%3 T, BRETIE, @7V Y XA ZA-SLMS (Zero-attracting Sign Least-mean-
square) ZE AT 5 Z & T, SSR A HWTEMMGE DAY MV E RS 5. L7 V=
U X0 HHBEBO AR DO EFAE LOEHF AT S A= ZRT LT, LV &E
FEEIZ DAY MVIIHEBR SN, 512, REIOoRE JICL 5P RmBEIC HR 2H#ET 5
72O, B EF L/ NT A —% % ZA-SLMS 7 /L3 ) A AZHEA L, AfdkE T & A —ZHlHI D
B A2 WINHNC IS 5. Eiz, BHEEN S ZREICED > TH HRITHANIZZENTH D
ZEESFEXT, FFHBIEZ LN 2 B4 ZA-SLMS 7 /L3 U X AE AT 5. fEskik L bk
L, SSRIC K D ERIEN LV MDA ER REHSD 2 L 2R LT,
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B4 BT, £, BB TAZ Y U TICRDREANY ML OFEEZREL, 2% BSS %
TILHAMAF4% (NMF: Non-negative Matrix Factorization) 7 /L =) X A% HWT, IBH
L—ZIE5 DAY a7 A b O0ME GG 52 T 2. RS, DR ORFRFRIFEE O
ANR—=AMERHT 5728, 2 DO A= Z > NMF 713V X LD Y 7 K~ OF
N Z,3—2 NMF (SParse NMF) # L OVINE SPNMF (Weighted SPNMF) i H3%. &5 3 &
D SSRIC L DI-EIE L A, NMF IC L D1 EIEIX S OIS IEMBER OAHEER R 255 2 & 2R
L7z,

# b FEIME TH Y, ATEORFEZBE~TND.
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VB R—=IVITRT YA RS PhD. Tony Q.S. Quek

Bachelor Degree in Information Science and Technology, Master Degree of Systems Science
and Technology, Chen Ye B&MHOAALE5KELIE, [ANovel Non—contact Heart Rate Estimation
Method Based on Temporal and Spectral Sparseness of Heartbeat Signal (DMA{E B DOHFHEIE &
OVERR AR D A /X — AW IS < Fric 7 dE e L O a8 Es) | L, &5 E LR S
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Over the last two decades, online user-generated content has been exponentially increasing. With its increase, a
proportionally increasing interest has been attributed to this data from the research community. While several works have
been targeting different types of user-generated media such as photos, videos and audio content, text has always attracted
most of the attention for several reasons. To begin with, due to the unique properties of natural languages, the analysis of
such data presents several challenges. Nevertheless, hitherto, average internet users still use text more than any other

type of media to interact with one another.

The studies performed on online generated text cover a wide range of types of analysis. These include but are not
restricted to the analysis of motivations of users to share information, the evaluation of interests in events, the identification
of prominent users, etc. Sentiment analysis, in particular, presents nowadays a hot topic of research. Sentiment analysis,
also known as opinion mining, refers to the automatic identification and aggregation of opinions of people towards specific
topics by analyzing their online written texts and publications. Sentiment analysis has several applications, ranging from
product analytics to market analysis and public opinion orientation towards events such as elections, etc. Nevertheless, it
is a field that is yet to be explored, with several of its challenges are yet to be dealt with. Instances of these include

fine-grained sentiment analysis, evolution of sentiments over time, aspect-based sentiment analysis, etc.

On a related context, over the last decade or so, the focus of sentiment analysis has shifted from review websites, such as
movie reviews websites, or online shops such as amazon etc., towards social media and microblogging websites. This is
because these (i.e., social media and microblogging websites) have become the top attraction of online users, and the
most visited and consulted platforms on the internet today. Twitter, in particular, has attracted a lot of attention, due to the
ease of access to its data and the nature of the relationships between its users. That being the case, in our work, our

experiments will be mostly conducted on data collected from Twitter.

This dissertation explores several of the challenges of sentiment analysis on social media, notably fine-grained sentiment

analysis and sarcasm detection.

Chapter 1 introduces the concept of sentiment analysis on social media, its applications and challenges. We present
several of the existing work which dealt with this task. We focus mainly on works on Twitter. However, relevant works which
were performed on other social media or online websites will be presented as well. This chapter also summarized the

scope and contribution of this dissertation.

Chapter 2 tackles a common challenge that has always been difficult to perform, yet very important to enhance the
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performance of sentiment analysis systems, i.e. the identification of sarcasm on social media. We use machine learning
and the concept of patterns to identify sarcastic statements on Twitter. We run our experiments on a data set of texts
posted on Twitter (i.e., tweets) and compare the performance of our proposed method to that of some conventional works.

We also show how the identification of such statements can enhance the performance of sentiment analysis.

Chapter 3 focuses on a different task: multi-class sentiment analysis. As yet, most of the core of research on this field has
been interested in the binary and ternary classification of texts. These refer to the classification of texts into positive and
negative, and into positive, negative and neutral, respectively. Instead of limiting ourselves to such a coarse-grained
classification, we go into a further level of granularity and classify texts into multiple sentiments. We re-use the concept
introduced in the previous chapter, i.e., patterns, to perform this task. Alongside, we introduce SENTA (SENTiment
Analyzer); a tool we have built that allows to extract, out of a wide variety of features, ones that can be used for applications

such as sentiment analysis or sarcasm detection, through an easy-to-use graphical user interface.

Chapter 4 discusses in more details the results obtained in the previous one, explains the limitations of the task of
multi-class classification which make it inherently difficult, and in some extreme cases impossible and describes the
relation between sentiments and how correlated ones can be with some others. This chapter also offers possible solutions

to overcome the limitations of multi-class sentiment analysis.

Chapter 5 presents a substitution to multi-class classification, which we refer to as Sentiment Quantification. Sentiment
quantification refers to the identification of multiple sentiments expressed in a text, and attributing different scores to them
to reflect their importance and weight within that text. In our proposed approach we use patterns and special type of
unigrams to attribute scores to different sentiments to rank them and identify which ones are present in a given text, and

which are not.

Finally, Chapter 6 concludes this dissertation highlighting its key points and the contribution made within, and proposes

possible venues for future research of the topic of sentiment analysis.
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Recognizing multiple signals from the multiple observations or mixtures received by a set of sensors
is the task of source separation. The problem is referred to as “blind” source separation when the
procedure has access only to the observations without any prior knowledge information for the mixing
system. The basic idea of nonlinear blind source separation (BSS) is to generalize the highly successful
linear independent component analysis (ICA) framework to arbitrary, but usually smooth and invertible,
nonlinear mixing functions. Thus, the observed data is assumed to be a nonlinear invertible
transformation of statistically independent latent quantities, and the goal is to find the mixing function, or

its inverse, solely based on the assumption of the statistical independence of the latent quantities.

However, nonlinear BSS is one of the biggest unsolved problems in unsupervised learning. Since the
statistical independence of estimated sources is no longer a sufficient constraint for demixing functions.
In fact, there is an infinite number of possible nonlinear decompositions of a random vector into
independent components, and those decompositions are not similar to each other in any trivial way. The
aim of this thesis is to develop the practical methods of modeling and performance analysis for nonlinear
BSS. Some of the work consists of incremental extensions to existing linear methods. The
improvements are formulated in general terms in order to be useful in other kinds of learning problem as

well.

Chapter 2 provides an overview of existing algorithms for BSS. Some mathematical preliminaries are
introduced for BSS of nonlinear mixing models. Special emphasis is to a multi-subspace mapping
approach that applies ensemble learning to a flexible multilayer perceptron model for finding the sources

and nonlinear mixing mapping that have most probably given rise to the observed mixed data.

The approach in Chapter 3, is inspired by the idea of an efficient multi-subspace representation to
approximate the nonlinearity or distortion caused by mixing function. Relying on the multi-subspaces
architecture, the algorithm transforms a time-invariant nonlinear BSS to the local linear problem with a
tolerable computational cost. Then the projected data can break the nonlinear problem down into the
version of a generalized joint diagonalization problem in the feature space. Importantly, the parameters
and forms of polynomials depend solely on the input data, which guarantee the robustness of the
structure. We thus address the general problem without being restricted to any specific mixture or

parametric model.

In practice, the approximation function is derived from some estimation algorithm with a finite sample

size that even larger estimation error appears with improper model construction. In Chapter 4, we work
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on the convergence and asymptotic analysis of the proposed separation approach in Chapter 3, where
the nonlinearity of the mixture function is extracted by the flexible approximation and the nonlinear
problem is solved linearly in the parameter space. The analysis stems from the performance of a
mismatched estimator that accesses the finite sample size. By providing a closed-form expression of the
mean squared error (MSE), we can present a novel algebraic formalization as well as derive an upper
bound on the estimation error. The simulation results show that if the nonlinearity of mixing functions can
be extracted by the flexible approximation, the consistency of numerical MSE and analytical MSE can be
achieved as the sample size tends to be infinity. This implies that the algorithm is feasible to separate the

distortion of the nonlinear mixture.

In general, most BSS algorithms assume that the number of sources is less than that of sensors,
denoted as overdetermined BSS. However, in practice, this assumption is difficult to be satisfied since
the number of sources is unknown. In Chapter 5, we propose a model that relies on a Kernelized
multi-subspace and sparse representation in the time-frequency (TF) domain to solve the
underdetermined BSS problem. By parameterizing multi-subspaces, we can map the observed signals in
the feature space with the coefficient matrix from the parameter space. We then exploit the linear mixture
in the feature space that corresponds to the nonlinear mixture in the input space. Once such subspaces
are built, the coefficient matrix can be constructed by solving an optimization problem on the coding
coefficient vector. Relying on TF representation, the target matrix can be constructed in a sparse mixture
of TF vectors with the fewer computational cost. The experiments are designed on the observations that
are generated from an underdetermined mixture, and that is collected with some direction angles in a

virtual room environment. The proposed approach exhibits a higher separation accuracy.

Another model working on underdetermined BSS problem is introduced in Chapter 6, which is inspired
by the idea from a deep architecture. By constructing an €-vanishing polynomial networks (€-VPNs), we
can extend the linear BSS method to the nonlinear case. The approach use a set of approximated base to
obtain the values attained by mapping functions. Then, we construct the architecture with increasing
expressiveness, where the layer of our network begins with the polynomial of degree 1, up to build an
output layer that can represent data with a small bias by a good approximate basis. Relying on several
transformations of the input data, with higher-level representation from lower-level ones, the networks are
to fulfill a mapping implicitly to the high-dimensional space. Once the €-VPNs are built, we can fulfill a

simple linear separation algorithm on top of this output as back propagation.

Finally, Chapter 7 summarizes the conclusions and possible perspectives for future research of this

work.
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aflak: Advanced Framework for Learning Astrophysical Knowledge
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This thesis describes an extendable graphical framework, aflak (Advanced Framework for Learning
Astronomical Knowledge), which provides a collaborative visualization environment for the
exploratory analysis of multi-spectral astronomical datasets. aflak allows the astronomer to share
and define analytics pipelines though a node editing interface, in which the user can compose
together a set of built-in transforms (e.g. dataset import, integration, Gaussian fit) over
astronomical datasets. aflak supports the loading and exporting of Flexible Image Transport
System (FITS) files, the de facto data interchange format used in astronomy, allowing
interoperability with existing astronomy software.

The contribution of this thesis lies in that we leverage visual programming techniques to conduct
fine-grained astronomical transformations, filtering and visual analyses on multi-spectral datasets,
with the possibility for astronomers to interactively fine-tune all the interacting parameters. As the
visual program is gradually designed, the computed results can be visualized in real time, thus
aflak puts the astronomer in the loop.

Moreover, aflak can query and load datasets from public astronomical data repositories, by
implementing standard query protocols used in astronomy, such as Simple Image Access (SIA).
aflak extends the FITS standard in a manner such that the full provenance of the output data
created by aflak be preserved and reviewable, and that the exported file be usable by other common
astronomical analysis software. By embedding aflak's provenance data into FITS files, we both
achieve interoperability with existing software and full end-to-end reproducibility of the process by
which astronomers make discoveries.

Not only is aflak fast and responsive, but the macro it supports can be conveniently exported,
imported and shared among researchers using a purposefully built data interchange format and
protocol. A user can implement some common analytical procedure either by combining several
nodes and creating a macro with aflak's user interface, or by programmatically implementing new
nodes in the Rust programming language.

During the development of aflak, we worked together with astronomers to provide a universal tool
that suits their analytic needs as close as possible. aflak joins ease of use, responsiveness,

shareability and reproducibility of the analytical process by which astronomers make discoveries.
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