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Low-Complex Environmental Sound Recognition Algorithms for Power-Aware
Wireless Sensor Networks

The past decade witnessed rapid development in the basic Internet, communications theories and in some
newly emerging technologies, such as wireless sensor networks (WSNs), wearable sensing and computation.
With the rapid development of these technologies, understanding individual’s activities, social interaction, and
group dynamics of a certain society becomes possible and plays an important role for creation a ubiquitous
information society around us. This will inevitably enrich our life’s content and improve our society’s
efficiency.

Environmental background sound is a rich information source for identifying individual and social
behaviors. Therefore, many power-aware wearable devices in the WSNs system with sound recognition
function are widely used to understand and trace human activities. Design of these sound recognition
algorithms has two major challenges: limited computation resources and a strict power consumption
requirement. These motivate us to develop a new method for recognizing environmental background sounds
upon our power-aware wearable sensor node. Therefore, we address to develop a new sound recognition
algorithm which can achieve high recognition accuracy while still meeting the wearable sensor’s power
requirement in the dissertation.

In Chapter 1, the motivation and challenge of this study are introduced. Related work is also surveyed.

In Chapter 2, the hardware architecture of our power-aware wearable senor node and software-level sound
recognition flow are introduced. Upon this resource limited platform, the assumptions and special constrains
of this research are discussed. Basic approaches to tradeoff the system’s accuracy and power consumption
problem are proposed.

In Chapter 3, the experimental setup and process are presented. Comprehensively considering the system’s
accuracy and power consumption as the proposed sound recognition algorithms’ performance evaluation
criteria is also discussed.

In Chapter 4, sound feature extraction Mel-frequency cepstral coefficients (MFCC) and vector quantization
(VQ) classification Linde-Buzo-Gray (LBG) algorithm is applied for recognizing the environmental
background sounds. Applying this algorithm to 20 typical daily activity sounds, average recognition accuracy
of 93.8% can be achieved. In this algorithm, how the three parameters (i.e., Mel filters number,
frame-to-frame overlap and LBG codebook cluster number) affect the system’s calculation burden and
accuracy is also investigated. Based on the performance evaluation method in Chapter 3, the comprehensive
performance of proposed MFCC+LBG algorithm is evaluated.

In Chapter 5, a new low-complex Haar-like sound feature with hidden Markov model (HMM)
classification algorithm is proposed and applied to recognize the environmental sounds. Average recognition
accuracy 96.3% of twenty typical daily activity sounds by the proposed algorithm can be achieved, which
outperforms normal personal hearing capacity 82% accuracy. At the same time, it also satisfies the amount of
calculation cost decided by the wearable sensor node’s energy resource. Through experimental comparison,
the proposed method outperforms other normally utilized sound recognition algorithms as the recognition
accuracy and calculation cost two evaluation parameters concerned.

In Chapter 6, summary of this study is concluded. Overview of the future work is also mentioned.
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Thesis Abstract

Registrati
egistration “KOU” No.3742 Name Orand, Abbas
Number

Thesis Title
Classification of Multi-Task Motor Imageries in Brain Computer Interface

An introduction on brain is provided in the first chapter. Electroencephalogram (EEG) and
electrodes which are used for its recording are discussed. It is mentioned that artefacts can affect
the quality of EEG and there is a need to suppress artefacts.

In chapter 2, brain computer interface is discussed. Some examples of BCI systems in different
laboratories are outlined with appropriate explanation. Following, the properties of EEG are
investigated and 10 percent electrode placement system is shown. The neuro-physiological
properties of brain are explained. The fundamental property of brain, event related
desynchronization/synchronization is elaborated afterwards.

In Chapter 3, the artefacts suppression analysis is outlined and explained. The applied
independent component analysis method is explained with the algorithm used for the automatic
detection of independent components.

Chapter 4 contains the method of common spatial pattern (CSP) and modified CSP. After
elaborating on the framework or the basic CSP, different extensions of CSP are explained. Then, the
modified CSP is given and it is shown how it is used to extract the feature vectors of the three motor
imagery tasks for classification.

Chapter 5 is on the pattern classification. An introduction is provided for the fundamentals of
patterns classification explanation. Motor imagery tasks classification results for off-line analysis is
presented and discussed.

In Chapter 6, the effect of visual feedback in on-line motor imagery tasks classification is discussed.
The application of the combination of wavelet transform and modified CSP for the classification of

motor imagery tasks classification is shown.
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In this dissertation, a BCI system is analyzed in both off-line and on-line environments. The
objective of this research was to construct a BCI system as a communication means for the
severely disabled individuals such as Amyotrophic Lateral Sclerosis patients or tetraplgeic
users. Such a BCI system’s output can for example be used to move an electrically powered
wheelchair or be used in a communicating device with which a locked-in patient can express
his wishes or intents. Therefore, a BCI system for the classification of multi-task imagery tasks
with high classification accuracy was required. The focus was laid on the denoising of the
motor imagery tasks effectively, on the extraction of the feature vectors of the imagery tasks by

a robust method, and on finding the effect of the visual abstract feedbacks on motor learning.

ICA based motor imagery tasks denoising Since the EEG is contaminated with artefacts,
independent component analysis (ICA) is used for artifact suppression of EEG. Based on the
analysis of the artificial tasks and the method of ICA, an algorithm is developed for finding and
rejection of the artificial independent components. Based on this algorithm, artefacts could be

suppressed effectively.

Modified CSP In order to classify motor imagery tasks, the extraction of task specific
features are essential. By modifying the conventional method of common spatial pattern, it is
shown that better task specific feature can be extracted resulting in higher between tasks

variance and subsequently higher classifications.

The effect of visual abstract feedback on motor learning By the combination of CSP with
wavelet transform, the feature vectors of the motor imagery tasks in the frequency domain are
extracted and are simultaneously spatially filtered. This is applied to the motor imagery tasks
with and without visual feedbacks. It is verified that visual abstract feedback has an

enhancing effect on the motor learning.
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Recently, many wireless network applications have been proposed which are without
infrastructure support. Routing and forwarding scheme can seriously influence the network
performance.

This dissertation investigates the topic from the following perspectives: under the wireless network
models which have no infrastructure support, the author both considers social property and the own
nature property of node and also, the author considers the full connected and intermittently
connected network scenarios.

Chapter 1 introduces the conventional research results and their properties, relation of the proposed
schemes and the motivation of this dissertation.

In chapter 2, the author considers the advantage of 2-hop and multi-hop forwarding schemes in the
aspect of epidemic theory for wireless intermittently connected networks. By using the classical
model of epidemic spreading theory, the author divides the whole forwarding process into two
sub-processes and it is called H+1 hop forwarding scheme. Furthermore, the author formulates the
infective nodes of epidemic theory model as the transition states of single absorbing Markov chain
to estimate the expected delivery delay and the number of copies.

In chapter 3, the author describes a novel hierarchical protocol in full connected wireless networks.
The advantage of such cluster formation can achieve the good load balance target. In the process of
routing tree generation, the author adopts a special weight function to make the sensor nodes
determine their forwarding nodes. Simulation results show that the proposed algorithm provides
more uniform energy consumption among nodes and can prolong the lifetime of sensor networks.

In chapter 4, the author puts special mobile node in the intermittently networks. The responsibility
of special node is to carry packets for normal nodes which belong to specific communities. Our
work focuses on the optimization of the moving trajectory by considering the minimum
transmission delay. The author formulates the optimal issue into semi-Markov decision process
model. Furthermore, the author considers the case there exist multiple ferries working in the
network and puts main focus on the optimal packet selection strategy. The author introduces
non-cooperative Bayesian game to achieve the optimal packet selection strategy and optimize the
network performance on packet delivery delay and successful delivery ratio. Simulation results
show that our proposed packet selection strategy improves the network performance on packet
delivery delay and successful delivery ratio.

Chapter 5 summarizes the results of each chapter and concludes this dissertation.
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The Internet infrastructure is evolving with various approaches, such as grid computing, peer to
peer and cloud computing, on the way to remove barriers between clients and providers. Interest in
cloud computing is growing with the rise of new generation applications and services to access
on-demand information technology resources at lower cost, particularly in business community.
The cloud approach is expanding to a distributed multi-domain environment, called multi-domain
cloud computing environment, where users have the ability to access securely IT resources across
multiple domains. For delivering services securely, cloud computing providers are facing several
security issues, including controlling access to services and ensuring privacy. Most of access control
approaches tend to centralization of policy administration and decision by introducing a central
third party mediator.

However, with the growth of the Internet and the increase of cloud computing providers, a
centralized administration is no longer supported. This dissertation studies the authentication and
the authorization functionalities of access control in a distributed multi-domain cloud computing
environment and defines a collaborative access control approach for multi-domain cloud computing
environment by proposing a delegation-based access control across multiple cooperative domains.
The proposed approach enables authenticating and checking user's authorizations for accessing a
cloud resource in a visited domain that does not establish a direct cooperative relationship with the
user's home cloud computing provider by establishing a path of cooperative delegations. In
particular, the dissertation defines the infrastructure of the proposed multi-domain access control,
including the authentication and authorization phases, and proposes access control framework for
collaborative access control across multiple-cooperative domains. For enabling authentication
across multiple domains, we implemented the first Diameter EAP server with a new state machine
that defines the interaction with other layers and can support any EAP authentication mechanism
as a plug-in. EAP plug-ins are implemented separately and are dynamically pluggable. The
collaborative access control defined in this dissertation extends the XACML model by introducing a
new entity called Delegation Validation Point (DVP) for supporting multi-delegation across
multiple cooperative domains. In addition, four new SAML messages are added to the SAML profile
for XACML in order to handle the XACML multi-delegations data between two successive
cooperative domains. Two Diameter applications are defined for transporting securely multiple
delegation requests and answers and for building a trusted path of cooperation to acquire the chain
of delegations. The evaluation of a prototype of the proposed solution shows that the system leads to

significant access control response across distributed cooperative domains.
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This study focuses on improving performance and functionality of near-field wireless power and data
transmission links. Such links, when applied to large-scale integrated circuits, offer a practical way of
overcoming integration, performance and reliability limitations. Applications include 3D integrated
circuits, wafer-level testing, and non-contact memory cards. In addition to improving performance,
near-field wireless power and data transmission enables new applications benefiting from the lack of
electrical contacts.

Combining power and data transmission on the single integrated circuit exacerbates technical
challenges typical to the design of wireless power or data transmission systems. The data transmission
link has to be less susceptible to Electro-Magnetic Interference (EMI), while the power transmission link
must operate at higher transmit power and higher power transfer efficiency, and produce lower EMI. This
dissertation relaxes these design constraints, and provides quantitative results showing the extent of
possible performance improvements.

Chapter 1 introduces the topic of the near-field wireless power and data transmission, and presents
objectives and contributions of this study.

Chapter 2 presents theoretical analysis of near-field inductive coupling links, with focus on modeling
physical links, and their design trade-offs.

Chapter 3 describes a system transmitting power directly to the surface of a semiconductor device,
designed for use in non-contact wafer-level testing. Employing this system can eliminate mechanical
probes, increase testing speed, improve yield, and enable testing wafers with inaccessible test pads.
The system achieves maximum power transfer density of 6 W/25 mm?, which is approximately 10 times
higher than in other reported solutions.

Chapter 4 presents a compact simultaneous power and data transmission link for use in a non-contact
memory card. Inductor coils are arranged in a clover-shaped structure, which cancels magnetic
interference and enables simultaneous power and data transmission. This capability is then applied to
constructing a closed-loop transmit power control system, which improves power transfer efficiency at
Rioap = 2 kQ from 0.2 % to 5.2 %.

Chapter 5 presents a rotary data encoding scheme, which is subsequently used in the design of two
data transmission links. An optimized data transmission link, using rotary logic gates, achieves a
maximum data transmission rate of 30 Gbit/s verified in simulation.

Chapter 6 summarizes and concludes this dissertation.

-40-




WMAXBENCER

WEE T 55 3748 7= K 4 Radecki, Andrzej

AMCEAMEYNE . A B R R () BE IR

e BRI AE R () AR (O

BRI ANE R () i BZ

BERARTH#R Tt PN

ot (L), &L (%) Radecki, Andrzej B4z H O FEE Kim 3CI%. [Near-Field Wireless Power
and Data Transmission for Large-Scale Integrated Circuits (HUEAERS[RIBE T B HRET) « 7 — X
HRiE) | CEL, 6 EOLRER I TV D,

IERAEICTT DR LAE E > TWDd, Bl ITEERERE L BT D2 EINIIFEHAD G E > T D,
PIRT T H BIEET 2 ERIZ I E TIED oo, LnL, Tz n—TF R MZBW TR
DOF v PRI DG 2 N TREET 2 2 LITR TR RFUIIE SN TN D, HDHWE, AEY
T — RIZBWTH B EMIERIRZ L b @ilT — Xk a5 2 L IXER LRI,
ZOLIEERND, MY = —TF 2 MO AT Y W— ROFEBNEEN, F v 7 & WG
BT LHEN~ORELbEmE>TWD, LnL, Fy 7OREOLEEIEL, HHEFEOLAEDO X HIZE
Mz FET 2O TR BROERZ ELMGT 50T, mOERLE RV IBE TR 5
NoH, I, aANRF ¥y N\ E LT v FIEET LI ENROLNDLDT, @MW QED A /L0
RERVEX NV ZEHNDLZENTETMENRL TV v PNVEEEZRELSTLRE
DA D D, & Z TR TIL, B AT K 2 a5 R 2 O CRHIERE R B 12 & i
B OER A mRICHHE T 5 & RITEE T AR A 2 EEEMN A RE L T\ b,

FLEIFRTH D, BIAEICET I INETCOMEERELMH L, AFEO B E BEEE
ARTND,

H2ETIL, BEARAICHET 2 BHmOY S 2 L— g EAN A L, DO ETHW S FIEIS
DWTEHEZ L TW5D,

%3 FETIX, IHEML Y = —T7 X FORBEICKLERBEMEZRE L TWD, Fv 7 RIZE#HDaA
NaEBSIL, &A1 & B LS BERONMBZ REICTHEST 52 & T, BAICHW LI AR A L
TaANVDQEEEmD L LFRIKHI, Vv F Nzl L CTERMEZ SO TWD, o, BIERBL
— 7 O T EndE S 2 B mER 2 1R 2 L, R 2 %E LT 5, 0.18um CMOSE T TRkl
L7=F v 7Fid, 150MHzDF % U 7 &2 HWT, U v 7 /LERE 65mV T R E T 240mW/imm’ % 3
BLTW5,

FATTIE, IR AT Y U — F2ME LT, ol & 8(E 2 FRHIAT O BROM AT 2 KR %
FEIRAZREL TS, AWIRMAIChE SN EZB a4 V2 HWTHRE S WBELZIT) 2 LITLD,
HOWOEENEME A A& LTHxFy rranbd, B2, AMERORBRENIIH LT, 71—
RS 7§45 2 L #/MET LT\ %, 65nm CMOS CTRE L7=F » 7d, BIMEEDHE 10% L T
— HEAIEEE 6Gb/s ZEEK L TV 5,

5 ETIX, MIAED /) A AOFCEET — X @EICNER /vy 7 - T — 2N ET) n—
B2 =T =Gt TR ERE L TV D, BRIRICELE SN2 3 2D aA a2 HWT, BROME %
—EDOMHE ChESE, FHRAFMICIECTCT VXA NLT — 2 2REBT 5 HAEREL TV D,

FeEIIMmCThD, FETHELONIAAZREL, SBORBELZIBITNS,

PLEEF B0, RimSLOFEFIL, BERRE AT X DG R 2 O CERERIK I G
5HEEHIZT —HBEEIT O BN ZFEBL L TR0 | EREER Tl Ly hE, TR
FHETDHEZANRDLRLLRY, Lo T, KX OFEHFIIE L (L) OF 2252881 HL L
DERBDD,

_41_




T 553749 7 K 4 ot Jat

EimCEH
HEH Y 7~ b r BB OB L - = U EBREARA~DIGH

R, 7 U DA% 2 FREO S 7~ k1 i (Claisen/Claisen,
Claisen/Overman) DBF3E & . Tz ARV E RSN CHRIETER 273 (- A = TRDA
RIZHOWNTIRR7=H D TH D,

ttamer i Cld, Claisen SsNZOPUGHERE, —fRAVRHE, € L TH A7 — RIS~ OISHABIC
DUWTHIT LTz, BB F T IA /A NEOWE, AWEE. GG, £ L TIhE TICH
oSBT Lz,

AR I, 7 VB A — USR5 2 OB S U~ b r B OB D
WClBART, BEAREN DN R—A 2 HFFEELE LT, 7 Ub-symr sy 4 — Vv e O Y Jv-antr 8
B — N E AR LT, ZIh AU ZHF LT iEFIOMeC(OMe):NMes % IV N TEMEH 180 °C
WAL T2 & 2 A, ROtNISER72 S ARERIETEIT L, Claisen/ClaiseniizhiA0 &G Havl-, —H, ¥
A= % 2 B EDOMeC(OMe)oNMeoAFHE . FiRH DL 60 CTHAE LI, ELF 2T —1—
T AL UEEH 160 °CITHIEN S 5 & | 1 [BERAARDSSIRIICAS DAL, fie T, G o/ 1[E
RN L COvermanfisfi 21T o 72 & 2 A, SUSIRIHATHEIT U, s R %2 F— O AR AR &
LTS, ZNBORERNG, 7 U VEEE D A — T3t U, SRR OIS B2 #5177, Claisen
N O ZFICE 5 2 &, Faly 7/~ ha s 2175 2 LN TEL 2 L2 AHL
72,

BT OB A = U FBOEERIC OV Tk, HRFEFCH S D- 7 7 B — A7) Wittig

i IR MOM fb, Z L TAVIHUICE S TATT— "ALFE L%, SN2 Il L - T
IKEBIEDARE ZHEG L DD, A VT a_X= VA EA LT, FiVTEREEZARIC LD 7 U VR
I EFFE LT, BNV A— U DY) Claisen/Overman #(71%, & HIZ5EE7R
T AT UAERMECEITL, N /a7 b7 RER—OMEKREEAE LTH X, O-F
A = UBRITRIGT D 3 WAL, 8 FEEOARFIE G A U OISR TAEEE T 5 Z L 1Tk
iUz, I EA A 7 L2 FWT, AKEEEORNLZFIH LT8R Re Ak DUREE
LD A= NVDBMBRZAC LD . TAT e REE, BLEOA T UL > TATF LT AT
JLE Uitk MPM ORI ERIGNIZ L > T r U UUBRAEIE LTz, B&IZ, & TOMR
LA TRE L CO- I A = U BRD AR A R LT,

A CIIAIIED R Z R L T2,

.42.




WMAXBENCER

WA %5 3749 7 K 4 Jtoe vost

AMCHEAMEYNE . A B HES BN R AR TH

=Cq
Rl B HEF BN AR T R R
BERBRFUEER 1wt (YY) Rk B

BEEREBN A HR T g —3K

4 (HF), B %) b miBERHOBMGERGR 0L, BEREN Y 7~ b e ©—iifL OB &
()T A = BEGHEA~DIGH] EEL, fm. A2 B, BB X OFERR LY kKo TnD,

SEPRER 70 8 R 22 ARG & T RIRE LB 2 3R K <AL FA T 2 FIEOBRSIL. Ay
SEOHRE LT, BB ZORERPFETH L, FHIIRRLITB N T, NFEEEF 9 #hin s 7~
ko BSOS L . RIS EFIR L. (- A =V BROEARRICOW TR TN S,

I, KA OREIGTH S [33] ¥ 7~ b a E— A OW T O & . # Dk
FOSD ZIVE TOMIEFI EMik X 5T\ D, A IROERLEME LIz A = BRITfES R
HHA A FEOEMEN,., BEOERNERENTTEN TV,

K 1 ETIX, FEFICLVER SN, TV AVESEYA— BT Yy 7~ b v —#gsi %
JRIZ DWW T OFEMAIR AN ENTWD, FTVRENIRT V VBRHED A — VK% | mRIEO NN-2 X F L7
B RT I ROAFAT Y —NAFLET 180 CITMEAT D & 7 T A4 B UMM I A r— RANZ —[nlik &
0. VA= IV OSNREFED BRI AT E Z o RN ARE IR TR OND Z L2 AW L, —F,
[fCYA—nz/MaRlEoORRIEE 60 CULT CRINS 5 & SLITETE T, BIRA LV 7 I MK
NESNT-, THEHEEETLZZ LR, A—7I723TELFaT7——7 2 4A &2 160 CIlThnEk
T5HE, 7 TA BN ORI Z o TR SLREIRAICAE T D E W B (v b7 2
K7 54 ¥ L) ZB%E Lo, B ONTRMIRICE——~ Vilinfi 2 i & BREEEN AR KR
BIZX 0 BASNTALEDRGEONT-, ZOFBBISORIBIZEY | FA—07 VBT A — ik n
T, BUSEHEORIRICL 0, fixfiid —E, HAVIEZENHEEICHIET S 2 ENAlfe L e o7, E£7-.
—[FEHAARIZIZ ZEI OV 7~ hu B —a 2 # G i 2 E N ARETHHZ b RWE L, 22
THF SN Ok Y 7~ e E—isfi s, TRbb A — R 48 U8R, 72 b ONT
W7 A By A= VELIE, VA VO - BRED TREZVNE LG, D OAALT
FERRARFEG 2o THAITT 5D T, ARILEWORNRN R GRHIEL 2D Z E BB SN,

A 2 BIITH LI ECTHE LEERN Y 94 B A== W (-4 = BD4
BROFEMNTLE SN TND, ()-IA = VBRITROAREEER 2 R 3E KRR TH Y, s
FOSHICBWTEERERE LTHOLNATWD, D-T 78— AL B LTyfIIZ A Vv A % o5
AT Do,B-REIFIT AT WA HREERIE 2 RO SH, SN2 SIRIC XY A Y 7 e R= VA SARERR Y
WCEBAL, 2NET VAR A — L ~E X iGN T 748y AN~ VIR EToTo b 2 A,
TR DEELIL E SRR HEIT L. RFEEBIC L > T o0k LIz RFE—RHE, RE—EHHEEE
WS 2 Z LITPI LT, B ok, AKBER MO AR I 7 A8k, fit 7V a—1 BRI
L0, HEOT R BHEERASEDN, RIERISICE Y Ea ) U UBRAEE, RRICRERDORES
7928128 ()-IA =V BOREREZEMR L, HFHHY 7~ ha ©—isf e OFHMEZ R L,
Flz, ANVEIT I N T4 B R E WD RIL— M XD AR B LTz,

BIETIE, REBIFTROBRENE DL TS,

FEBRIRIZIT, RS T 2 EZBRIEBER X OSUSERY D AT N VT — F OFRNTEE NI Fiib X
nTn5b,

LA b, EBEIIARMIRICBNT, T U NVERES A — Db 27— Ry 548 U dahn, 72 5 ONTEERY
7 A8y AN VAL LD THEOERIN YV~ b a VR ORI L, £ RIS
ZRALT, O-IA =V BOEEREER LT-, ZOWR TRENEARFRE Z ) BRI E
RERDEAIEIL, MG L EMOAE ORI EmE LT, SB%IASHWLOND Z ERHIfFSLD,
FEFZBOINL ORI, AHABRILFZOERICERRL, HBEEHEST DL A8 R0,

LoT, K oEE IIE L (B OFEZTHIERNBHLHDLRD D,

_43_




WEES 553750 & K 4 TR

Fam CEH
Computational methods for accurate and efficient identification of noncoding RNAs

(JEm— | RNA % B o il FE T 5 720 O 3 T )

BEEY DT ) DEIIDORER LS N H e a— LTy, 3Ea— FRNAIE,
DT ) AEENOHEET BT THY, WERkOF T EERLE LTEAYFIC
EMmAERIFSIEL LTS, Fa—FRNADT /) F—a oOME7 7 I U OFHIL.
BN TEE R TRIBIZENLTWS, L72n- T, FEz— FRNA & 5KEE»OEHIZ
[FET DR FIEORRIET, EmiFREFHICBIT 2EERPEE o> TN 5D,

ABFF21%, FEa— F RNA ORIEICHBITS 2 oOMBEICK LT, BrLWEEFEARE
L7z H1OFEZ. AJITORNAZBEHO 7 7 I U ~SETA T )7 —32 3 o OREY
o, HFB2OFEIT, EFOBAT7 7 IVIZHEELTWRWRNA OEENGHH 7 7V
DFER R AT HHEEZR S, 2 b ORETIE, 2 20 RNA OFELUE 250§ 5iafe
DFEOWEREREMN T 5, FH1OFEX, AJTRNA EBEM T 7 I U A& OFELE
IZESWTHEEEZITV., 5§ 2 OFiEIL. RNA OEESNEOHELE NS WS ES %
FRADH, O, AFZEOME ML, RNA BOBEPEREOE~EEHNIND,

KXo 1 =TI, o — F RNA FEOBEEMEICHOW TR,

F2mETI, BT 7 2 U ~OGHEMBEIC Wb~ 72, BEFFZEICB Wi, AT
RNA & L TH—OEFTIIRERELE DT I v Ay M F—F 2R+ 25 FENER
Thb, €I T, AFETIE, RNADT T A Ay b7 —X B OBELUEEE 2% Lz,
ARFEL, TIA A bTF—4nbiiiEnsEmHo e 7 » A MVEREZRIHT 52 &
20, BEFEFEI D bW EREE L ERK LT, 612, AFETIE. 77414 A b
F=HICEHEENDI T T —NHRBEEIC 5 2 DB HOWT, FEMIRRIEER AT -7,
TR, ARFEO=T =T D EmVEEE N RS, £ BEFETFERT T —I1C
XU THRO THEET TH D Z IO THOLMNI R o7, AF1EIT miRNA, snoRNA 72 X
ORI 77 IVDT )T —va Al d 52 EnTx 5,

FI3WETI, I 7 7 IV ORAMBEICOW TR T, BEFFZEIX. Z 0% RNA
BAND 7 T AR Y T eBipL, 7T AXY U TIZRBWTHIEL 7 HESIM OFELL e
PIEEL TS, Lol BEFOBEUERIEIIGFEENRKRELS, 77 AZ ) U TORERD
REMTH D, £ 2T, KAWL TIX, @SREEDEEZ RNA B O XA L] FERE & B3
L7co AFEZE, FE2— FRNA OMBE L HHEICBEEL T\WD 2 REEICER LT, £0
FWEZ TP T v T ) AW K-> TEHRT 5, 2 X0 | BEFEFIEICK L TR 1000
BoOEHELEZH LN, EFICEREER Y TAX ) T RER Lz, R, x5
D77 I VPREREINZHESEEZA L T D56, RFEEBEFTFELD SR LOT N
BfE7e 7 7 2 VIR OREICEE L=,

B 4T TR, AR ZRIET 5 & &bl R LBEEEREIC O W Tl B R
RRE~DIS AT ReME & 3im L 72,

.44.




WXBECEE

& %5 3750 5 K 4 T
AMCEAMEYSE . A B2 BB A 2% it (B M FESC
e B HEF AN AR T fit] {5 ARB

BERB AR i Gesosirer) TR (B
B2 BB A % KP A+ & PR

B ET) I T O ALK % Computational methods for accurate and efficient
identification of noncoding RNAs (3F = — K RNA % EEE 2D @il (2 [AlE T 5 72 D OFH R FE) |
CHEL, 4EMOERSI N TN,

BEEMO T ) AELHNORE 31X X7 e a— R LTy, Ea— RRNAE, Zi
DY) AEWROLRBT BB THY, (kDX Rl b LA E S % i
ZTEHIELTCWD. FET—FKRNADT /)T —a roRE7 7 S VDORRIE, o8 E
HEARTRIBIZEN TS, LT, Ea— FRNA ZEREE O mEdIC R E T 53R TFE
DOBAFEIE, AMEHREFICBITAEERRELE 2> TN 5.

AWF7E1E, dE2— K RNA ORIEIZEIT 5 2 SORMBEICH LT, SiLWEEFEAER L.
B 1OFEL AJIORNAZBEMO 7 7 I VA~GET L7 /7 —a yOfEEZHR . 52
DOFEL, CPOEM77IVICHBLTWRWRNA DESNLHHH T 7 2 U OFEMA2R R
HREEZH S . U HDORMBETIE, 2 >0 RNA EEHIR O 2 3544 2 F5EE 0N 1 DM RE
EREMT D, FHLOFEX, AJJRNA LBEHT 7 I U AU AN OFELEICE SV THEY
TV, 52 OFEE, RNA OEAELNOBEEEN SV DEAEZRATH. TDD,
AWFFEOM AL, RNA BOEPEREOBR L EH I b.

AL O 1 ETIE, IE=— FRNA Z[EET HBEOBEEMEICHOWTIRRSD L & B2, K
WL CH D 2 DOFRBEIT OV TR L 7=,

%2 ECE, miRNA X° snoRNA 72 & Dk~ 72BEE 7 7 2 U ~O4ERREIZ DUV TRk 7=,
DT ) AT — X OFEEEEICZE Y, FRFIE~OAE L THE—O RNA BT <
WL DT FA A v T—FERHATL2ONRERTHD. £ T, AWFFETIE, RNAE
FI\DOT FA4 Ay N T —2BOBERERBEZRE L. KFEL 7794 A N T =205
S 24EMER O T e 7 7 A WUEREFIHT 2 2 LI2X 0, BEFERIEL D &R
BER L. 62, TIA VA T —XICEEND T =BG 2 5 22O
T, FHM7eREEERZITo72. 2T kY, RPEOZ T =Tk 2 @mOEEEE R S 7.
Tz, BFTFERZ T —IZx L TR T TH D Z ERPIOH TH LN /2> 7.

HI3ETIE, HH T 7 IV ORAMEIZHOWTIRA, BEEFEIE, — OREE RNA B3
DI TARY T Bz, 7TAZY U TITBWTHEL 2R DB OFEREFRIE 2 2R L
TW5. L, BEFOHELVEREIHERNREL, 7 7AX ) VT OELAREHTH S.
AL TIL, B DD R HE 7 RNA BLAIR OFELLE R 2 BA%E L 7. RAFIEIL, 22— R RNA
DORERE L BHRICBIE L TV D 2 IEEICE R LT, TOMEPEZ TP T L) XA L -
THET D, 2k, BEFEFEICK L TR 1000 fEomdfb a2 ZE LR b, FEFICER
I T AZ Y T RER LT, KR, BRERRO 7 7 I BREREVNZEEZAG L T0D
B, ARFEEBEFETELY GBIR LT WM R 7 7 2 VEHOBREICRE Lz,

W4T, AFEERIET 5 & & b, BB LIEUEREIZ W T FEELUE 2R
~OJGH ATREVE & e L 7=,

UL EfERR & LT, BRSO mEd 2 RNA BLF M OMELERIE 2R T 5 2 LT, Ea—FK
RNA OFHEMEIC X D HEREMENT A ERE I ER C & 5 2 LN FERES L.

EoT, KaXoFEZFITHE L) OF 22T LERPEHL LD RO 5.

_45_




Thesis Abstract

Registration

“KOU” No.3751 Name Suh, Donguk
Number

Thesis Title

Nanoscale Liquid Vapor Phase Transition Simulations by Molecular Dynamics

Liquid vapor first order phase transitions such as vaporization and nucleation have
numerous applications in various fields of science and engineering. It is well known
that nanoscale phenomena show different physical characteristics even when the same
thermodynamic conditions are considered for macroscopic systems. Therefore, due to
1ts intrinsically deterministic and microscopic characteristics, molecular dynamics has
been chosen as the simulation tool to understand nanoscale phase transitions (namely,
vaporization and nucleation).

Vaporization is known to follow the D2 evaporation law, which signifies that the
vaporization rate is proportional to the surface area of a droplet. The results for
nanoscale droplets also confirm these results, and are consistent with other simulation
studies. In the case of vapor-to-liquid nucleation, the critical nucleus size examined
was around 10 molecules. Homogeneous nucleation results showed an orderly
difference between the simulation results and the classical nucleation theory. When
monatomic seed particles were added, nucleation was observable for supersaturation
ratios that did not show spontaneous nucleation beforehand. The addition of
monatomic seeds for increasing supersaturation ratio, however, did not show a clear
increase in the nucleation rate. Furthermore, different seed size and shapes (sphere
and cube) of cluster-seed particles were investigated. Adding seed particles with
volume did not affect the homogeneous nucleation characteristics, but were found to
have interesting growth characteristics on the seed. The growth rates were found to be
independent from the supersaturation ratio, but a seed size dependence, where the
smaller seed showed a larger growth rate could be observed. These results were
identical for both the spherical and cubic seed; however, the cube showed an orderly
greater growth rate compared to the sphere. The source of the growth rate difference
was found to be in the lack of a curvature for the cube and is consistent with the Kelvin
effect.

From this study, molecular dynamics has proven to be a powerful simulation tool
because nanoscale nonequilibrium phenomena could be observed in real-time. Many
new physical results regarding liquid vapor phase transition were found and analyzed.
The results have not only shown consistencies with kinetic and macroscopic theories,
but have also provided new insights into vapor-to-liquid and liquid-to-vapor phase

transition processes that are yet to be verified experimentally.
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Modern portable and wireless applications are driving analog-to-digital converters (ADCs) design towards
higher resolution and data rates with dramatically low power in scaled CMOS technology. Pipelined ADCs have
been facing significant challenges with technology scaling since accurate residue amplification in each pipelined
stage based on op-amplifier's property is required. Successive-Approximation-Register (SAR) ADC can benefit
from the scaled CMOS because it does not need amplifier and most of the parts, switched capacitors and
comparator, are digitally operation. Charge redistribution based capacitor DAC (CDAC) is widely used for SAR
ADCs because of its superior response to resister DAC (RDAC). SAR ADC has become a main stream in
application for several tens of megahertz and moderate resolution region due to the advantage of power and area
efficiencies. The most design efforts for the CDAC based SAR ADC have been put on the comparator and the
CDAC.

Chapter 1 is an introduction of the study. Background of data converter technology and recent trends in ADC
design are outlined along with the motivation for the study.

In Chapter 2, several design issues of SAR ADC are discussed. Design considerations for the main building
blocks like comparator and split CDAC are investigated. Several calibration techniques for SAR ADC are
compared. Design effort for area and power efficiency is mentioned at the end of the chapter.

Chapter 3 demonstrates a 380 pW 1GHz comparator with timing based dynamic offset control technique. The
error voltages suffering from charge injection and clock feed-through on each regenerative node are controlled in
time domain so as to compensate the comparator’s offset. Principle and circuits design are discussed in detail and
the measurement results of the fabricated test chip are given.

Chapter 4 demonstrates a 9-bit 100MS/s SAR ADC with on chip digitally assisted background calibration. The
calibration is performed using the input signal, watching the data stream to find the missing or wide code at ADC
output, judge and feed back to the compensation capacitor so as to relax the nonlinearity suffer from the CDAC
mismatch. The measurement results of the fabricated test chip are provided.

Chapter 5 demonstrates a 9-bit 100MS/s SAR ADC with asymmetric CDAC design technique. Split and
Tri-level charge redistribution based CDAC was reported for area saving in CDAC based SAR ADC. This work
proposed a partially asymmetric CDAC design technique based on the split CDAC architecture and tri-level
charge redistribution technique. With this technique, it is possible for a SAR ADC to achieve 9-bit resolution with
4-bit + 3-bit split capacitor arrays which further improve the area and the power efficiency of the whole ADC. The
measurement results of the fabricated test chip are presented in the final of the chapter.

Chapter 6 is conclusion of the study. Results from each chapter are summarized and overview of the future

work is mentioned.
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