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Analog-to-Digital Conversion Schemes in Beyond-Fifth
and Sixth Generation Wireless Communication Systems

With a marked rise in a plethora of wireless devices and emerging use cases in the future, larger
data traffic needs to be supported. The development of the existing fifth generation (5G) network is
designed to satisfy these demands. Furthermore, increasing factory automation and the transition
from Industry 4.0 to the upcoming Industry X.0 paradigm will accelerate the demands of wider
coverage and higher connection density in 5G designs. In recent years, massive MIMO has been
implemented in two ways, namely centralized and distributed antenna deployment. For reducing cost
and power consumption, massive MIMO communications adopt hybrid transceivers, which combine
analog phase shifters and power amplifiers with digital signal processing units. However,
hybrid-mode implementations are confronted with inter-user interference (IUI) due to a larger
beamwidth. On the other hand, using a low-resolution analog-to-digital converter (ADC) in the BS
can also achieve better energy efficiency (EE), but it will cause severe quantization distortion in a
received signal. With the trends of ADCs, current research indicates that low-resolution ADCs are
very promising for massive MIMO and cell-free networks. Therefore, the focus of this thesis tends to
address the above challenges to better improve the spectral efficiency (SE) and the EE of the system,
and we assert that the ongoing research on massive MIMO and cell-free distributed antennas are the
key to future wireless communications. To this end, a low-complexity and low-power full-digital
receiver with a practical quantized signal detection scheme 1is designed. Further, an
adaptive-resolution (AR) ADC scheme is proposed to the cell-free distributed antenna system to
mitigate the serious quantization distortion.

Chapter 1 is the introduction. It mainly describes the evolution of wireless communication
systems, the major demands of beyond-5G and the sixth generation (6G), the key issues of current 5G
networks, and related research motivations.

Chapter 2 is the design of a low-power and low-cost massive MIMO system. It includes a
quantization range control scheme in a massive MIMO system with low-resolution ADCs and the
selection of detection schemes to derive effective ADC quantization range limit coefficients and
reduce computational complexity for the system, respectively.

Chapter 3 is the design of ADCs in the access points (APs) of a cell-free distributed antenna system
(DAS). AR-ADC scheme is proposed for each AP, and it can refer to factors such as propagation loss,
quantization distortion, and IUIL, and then reasonably switch a flexible low-resolution ADC
component to improve system throughput and reduce energy consumption.

Chapter 4 summarizes the results of this thesis and presents conclusions with future works.
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Machine Learning Approach to Optimization Problems
in Nonequilibrium Thermodynamics

This thesis aims to develop a systematic method to solve optimization problems in
nonequilibrium thermodynamics by machine learning approaches. Solving optimization problems
in nonequilibrium thermodynamics is a vital routine to help us to understand statistical physics.
However, some problems such as heat engine controlling and shortcuts between states become
difficult to solve under general conditions. The machine learning approach as a newly developed
method has shown its wide variety of applications in computer science, medicine, and physics in
recent decades. As many machine learning problems are formulated as minimization of some loss
function, machine learning has the potential to be a systematic method for the aforementioned
optimization problems.

In this thesis, we focus on applications of machine learning approaches to the problem of finding
shortcuts between two equilibrium states with minimum entropy production and the problem of
finding the optimal cycle in microscopic heat engines. For the first topic, we propose a systematic
method based on reinforcement learning (RL) techniques to find the optimal protocol to minimize
the total entropy production between two equilibrium states of open systems at the same
temperature in a given fixed time. We successfully apply our method to the classical and quantum
two-level systems. We provide a powerful tool to address this problem in quantum systems even
with two-dimensional continuous controllable parameters. For the second topic, we propose a
systematic method based on the universal approximation property of neural networks to find an
optimal heat engine cycle with some objective function. We apply the method to heat engines with
both slow and fast-driving parameters. Besides, we also apply the genetic algorithm to the
slow-driving case under some constraints. Optimal cycles in the classical overdamped Brownian
heat engine and single-qubit heat engine are successfully found by our method. This work is the

first to establish a systematic method to find optimal cycles with machine learning approaches.
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T LB AR E Y CE T, T, WERRMOEDAEFEERE DX \TWEST /7T
TEIILD ETHMMBEHTH L Z ERHLNE RS TEBY , SN OEBEOAFER ZRH L L
PERMIZED T H 20TV D, EEATHRICB W T, WES T /X7 7 U 7 OpEAET 2D —IRA%
WPEM DARNET, A BHMOWRHEEREE DEWITER S 2 Z LRI ST 5, FHIZZDORIC
AHH L, ENOMHRE - ERKEOHBGEHUSRIZIW T, FTEMFEENS 2 VE TREIFEI 2177
Do Te Ik 2 FRUMZHEE S T 2 X7 7 U T OREZTV, B 41D IR FEY OTRRAZE & 1T
27,

B 1 EOFim ClL, R OERBMITICEB T HIEL ERECE OBEEME, WEBERIRICH T
HWEST ) N7 T VT OFRAMEICOWNTHE L T b,

2 ETIE, WBIRCEEEANEE I TRE LTZEY T /N7 7 U7 Dapis sp. L V3A
L7z 3 FOFHIHIRT"F F iheyamide A-C DO HffE, #&ERE, EWIEMEIZ O W THE L T
5o BTOEMZHONT, %ot NMR ZH.0E LI FEEZ O COREEEZH S
DIZ U REOSIZE VR ONTAT XV BEESOF TV T DT AR & i 5
Z L TCHERISIARELE 20 E L7z, Theyamide A |3t b IEFHIME & bhlik U RN ZRHT R Y X
V—<iEE RS )7 C, A TH D theyamide B BL O C 1T Lt oAEWiEMEE RE 20
e, CRKimflloer Y 2 CEPHLN YR Y —{EHRICUATH L Z 26T L,

5 3 mECIE, BWERKEEMEZ BICTRESNIZMEY T /N2 7 U7 Salileptolyngbya
sp. L VFER L7=HHENRT 727 F K kinenzoline ®Hiff, &€, EWIEMEIZSWT
W LT 5, Kinenzoline (X %kt NMR % Hb & U720 ERS LOVME « FHERUGNT &
. MR ARLE 2 & DT &G 2T E L=, Kinenzoline 1t MIEF MG Ll U CGEIRFIZRHT R U /R
) ) —<iEER LT,

94 B, MPEIROHLE CRE LY T /N7 T U T Leptochromothrix valpauliae
KORRLUIZHRATTF R-RY 7T Kongd 7 U REHER iezoside O HLEE, AEERE ., &6 K.
AEPNEPEIZ DWW T LT b, Tezoside 1L kot NMR ZHub & Lo e FIFIEIC L D F
IS 2 RE L, —EBOM SABLE (X0 - FESUSIC K WV IRE LTz, RY 7F RO 18
AL LN 19 ML ORI SAARELE I DWW TIE, FHRALFZRYE L, E7 LA D FRE/R 4 DD Y
T AT LAY —IZOWTERZITV, B2 18R19R) & L <1 (18S19R) ITKVIAATL,
B, B LN b S 29 % iezoside Z TN ENEAM LT, (18R19K) KD FE A
XY MNT =P RRE E BRI L1720, iezoside D4 T DRk TARELE % B 53
HEEBIT, AR THWEHEILFZOZLEETERE LT, £z, iezoside [T 1B SHA AN
HeLa (2%} L, #xed Cofi /) R HGEHETRE A R T 2 D, O S TRIEICE T L, &k
Iz, iezoside [F/PMIAKIE ED N> T AR 7 THD SERCA ZHJJICIAETDHZ & THRA
AR MEAE A N U A ZFFE L, MlasE & S RIE Ol 27845 Z 2B 6N LT,

H 5 ETIE, ZTNDDOHFEZ#EE LTc, AWZEA@ T, HHIWES T /"7 T U765
FEDOFHAEDTEEWE 25 L L, £ O & AWTEEEZ A 5 0NMZ Lz, $FIC iezoside (22T
I, BHFEALE 2 BREE U CSRZIRE L, T OEEREERT 5 &I AMIEIZX T 21EH A 7
= ALERLMNI LT,
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EHEDEY

WEE T i %5 5843 & K 4 R MIBE

AMCEAMEYNE . A B2 EFE RN A % [t (B A7k B

AlEE  BIERBATHR fdt (B FEA WD
B2 EFE RN A % it () T

BERDBRFUESER Wt (B I T

b (BT, L (B FEMBCERNOPAGEERm L WEEST 2 "7 7 ) 7 lskit b
VR —=<WEB IOV T AR TIERORESE E AWIEME] CE L, Fim. Kim, RiER
FOFERIHEL VR STV D, R EECAEMIEE A2 BT DM ERRI N ZEE L S TE
D, BLFE2IZICO L THMESBH 2 REIETE I, FEHE. ZRINEIFED OZHEMEN., Wk
WA RMOBREDEWVICERT 2 L OEFBICHEKSX, TNETHE Y EEFEID I THhOIL TV
MU & HONZHERE S T N7 T U T OBREZITV, B END ZIRREY OREMEZ1T> T2,

B 1 EOFam ClE, R OBERBRIIZEIZE T DIESE L RESZ OEEM, WERRMEICEIT 5
Wres 7 /2 377 U7 OFRAEIZ O TR L TV 5,

2 BT, WRROCEEMNEHBICTERE LZWEY T /377 U7 Dapis sp. KVRAL
72 SFROFHBLR AT F K itheyamide A-C OEEE, #EERE, AWIEMEIZOWTHRRTNS, 4
TOEEMIZHOWT, %ot NMR /L& L7t TiE2 D COREEE 2 5z L.,
RIS E VG ONTZET IV BEESOX TV T MBI DR & g9 25 2 & T
RISIARBLIE 2 PR E L 7o, theyamide A 13t MEF ML E g U GRIN BT ~ U X Y —< 5%
RT— T, FATHD itheyamide B BL O C 1Z EitoAEWIEEEZ RE W2 &b, C K
gl U 2 CEPHLN U N Y=< {HHRICKUEATH L Z 2P I LT,

H3ETIL, RS RKEEHEZ BICTREINTZWIET T 2 N7 T VT Salileptolyngbya sp.
KO RELUIZHHRERT 72 ~X7F |~ kinenzoline M i, #Hi&EE., EWIETEIZHOWTIRRT
W5, it NMR ZHb & Lie e RIER KOV R « B8 SIZ X V| kinenzoline Diffs
SENTAREC & 2 5 8 7= 2 1 2 E L7, kinenzoline (Xt MIEF AN & bbik U CEINAYZ2HT B U R
S —={EEER LT,

4 FETIE, WBERMLE CBRE LMEY T /N2 T U7 Leptochromothrix valpauliae X
VIR LTHART T KRV 7T KA 7 U v FEOHHR iezoside O HifE, #iEE, 268K, 4
WIEPEIZ DWW TR R TS, ot NMR ZHb & L7 TIEIC LV iezoside D Ak
BRE L, —EBOMSARRLE X0 « FFESOSIC L VIRE LT, AU T REmo 18 itk L
19 MLOFERISLARLE I DWW TR, FHREFEBE L. 7 MEBMDFRER 4 DOTT AT LA
7 —IZOWTCHEEITO, iz 18R19R) b L<IX (18519R) IZK VAT, EHIT, Zhb
2FEDONKBLE A AT 5 lezoside #ZNENEAM LTz, (18R19R) KOKFEANY LT —H
MRERED D L 522~ LIz72, iezoside D4 T DM TARELE 2B HMIcT 5 & & big,
AWFGECHW T H R LZE O Y52 EFE L T2, iezoside IXFE SN AMINE HeLa (Zxf L., e T
i) IR VESH I EE MR 2 R, E ORI FIRIE - (TSR 21772 o 126 R ezoside 3/ afk
LDV T LR T TS SERCA ZiRJICHET 2 2 & THRAMAIS /MR A b LA %25
L, AMRE & MRS B IE O G AR T 5 2 E AL MMIT LT,

%5 FEX, MEORETH D,

DLE, F3H5RMEES T 237 T VT 05 b FOFHAMIEEWE 25 W L, & O & AT
ZHH LT LTz, FFIZ iezoside (ZOWTIE, FORERAEERN L, 25 MBIk 2 1E % %2
O LT, AFERERII R T ORI B, B - e - ARl e SRS B IC & =Rk
THLDTHD, LoT, K XOFEHIE L (B O E2Z T HERPH DL LD LD D,
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C-mannosylation F&E & > X 7 & O fa A4 S0 AT

RA LT AERIZBWT KT A7 U7 b= A7 07 4 — AMENT T EmBIG % BRiE 2
ZHOAEMREREZE L EEL TS, LrL, BEFHEROLTITRHASRERBH S H %<
FET D, TOERD1HOELTEZLNDDN, XU\ EORHREBEN TH D, AHFFETIX
FIERIIEMT O T T b BEBUER . B IE # o R0 B OWAEFI A ki 720y ¢ RUBEE A (C-
mannosylation) |2 H L CTHFE A 1T - 72,

(1) Rspo2 (Z331F % C-mannosylation O [FlE & & OHERERAT

ST EDBIRICEE L TWD Rspo2 U i B F v M E U BB L, BESIT 21T -
7oL 2 A, TrpBS @ 2 7>ff T C-mannosylation &#15 Z & Z[FE L7z, I C-mannosylation ™
BERE 2 fRAT 5 72 D12 BAET Rspo2 & WIS0A/W153A 28 5L Rspo2 % 2 NI B S 7=
FHRERE &2 RIS U, BEREZ LRl U7z, & OfE . C-mannosylation (% Rspo2 Dl a4k 73w i & il fu Fe
ICEVIEASHLIZHMEITT D Z L0, AMAEN DS TV DER~OFRICEETH LD Z &R 5
272572, F72. Rspo2 |E C-mannosylation S415 Z & T, Wnt/B-catenin #&i#§ 7 ==& MEMED E
F U, MladEER bIRIET 2 Z LRI,

(2) RAMP1 |Z331F % C-mannosylation D[] E & & OFEHEREHT

ML 1 BIEE@E 2 X7 ETH Y | bRx 2filaN Y 7T Rz 5 LTS RAMPL Ol
GhRAAL CEHER L, BEOTZ21T-o72& 2 A, RAMPL @ Trp*® 28 C-mannosylation S415 2
L ZEE LT, B4 RAMP1 & W56F 48 8.8 RAMPL & OHEZIZ X D . Z O C-mannosylation 73
RAMP1 OZEPER HT1080 Ml 361 2 Mlfcils  Re R i PRI BB 2a el & 7o 3 2 L VR
Eiz, —J T, RAMPl OEELRBERETH D, WL b= B IRERS 2 R(CLR) O Hl i i 1%
(R L T B e G2 o Tz,

ABFFEIZ LY C-mannosylation 5B % /37 B & L-CH721Z Rspo2 3 L TN RAMP1 O 2 DD X
PSP ERRE L, EROS A0 BER AR EORIE L bBENEE SNTOD 0, Hill
RIRIERAA A~ =D — L LTOFEMICHIRES TE 5,
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EHEDEE

WEE T %5 5844 = K 4 KHE

AMOCEAMYE . A BEESSEAN A R it (L) A A

& BERRATEER it (B A7k B

Ho|

i N e it (B HA &

BRERBAR U B A

BERBRTHERSE  mE (T SN

(). Bt B OKBEHEERIOPAEERGR L TC-mannosylation JEE & > /37
BoMa L rifgtr) LU, Fam. A, B KOERIE I VST 5, FEBERD
BTN EORBE BFHEICBER L TBY | A A~ —h —CHBUREIER & L COS AR
315, C-mannosylation |, ¥/ —ABMENT I JBEESIF O N 7 R T 7 o b IRE—IRBRE
BTINT28EEHCTH D, IO THMEINTHD 25 FLLERBE L TWAHN, HEX VX7 ED
EGIDD 72 < HEREOTR I & OBIEMEICB U CARME 72 832\, ARFi 3L TlE C-mannosylation =
> W AELSIZ i 729 Rspo2, RAMP1, ANGPTL4 @ 3 DX > /37 B2 H L, C-mannosylation
DAL Z ORI L TRiik L T\ %,

%1 BT T Y . C-mannosylation % & TefESHIEAT, & L CAGCCIER L& ¥ XV I
DVWTHEEL L, AFROARICE AL TV D,

% 2 T ClE Rspo2 @ C-mannosylation {2 DWW TEEIR LT\ 5, & X7 'ETo % Rspo2 D
Trp'3° 38 LT Trp'S3 @ 2 72Fr A% C-mannosylation S 415 Z & ZHIO TH BT Lo, Mids A, S A
NS /v, & BITHAMERIE I Sk Ok 2 W T, 2 P4 Rspo2 & C-mannosylation 732
Z B 720N Trp'SY/Trp!™ 28 5/ Rspo2 A FIFEHL S, Rspo2 DEEREIC G- 2 DA fRifr LTz, £ D
FE L. RHE PO IE B SIHEERE ClE C-mannosylation 2% Rspo2 OFM@sN 3 Ws % IEIZHIET 25— T, %
ALLA DR RE TIXAIZHIET 5 2 & R ST, £ 72 Rspo2 13k & 72793 A C R 7o IG M L S s
I %D Wnt/B-catenin FREEDT T=A F & L THILAL TV DA, C-mannosylation [FZ DT T=Z k
EEEEET D 2 EDRH LN -T2, S HIZEAR Rspo2 mFEIRE BN TIX, 2 28 Rspo2 i HE|
UMM & LEE U T A DR L RWE N 2 035 D MliidilE ERe A B IRt S, BLELD
Rspo2 @ C-mannosylation (%, Rspo2 D T HHEEEZ(EHE S, NAEMLEFHET L AEMEN RS
iz,

% 3 ETIX. RAMPl @ C-mannosylation (Z2OW TRtk L CW\W5, BEHRSEINLTWD C-
mannosylation Z&'2E & > X7 B X, TSR superfamily & L <X 181 N0 A U ZFARD K5 % LD
Do XTIT, ZNHDZ 37 BERECE S 22 WA 1 [BIEE Z > /327 B D RAMPL IZHER LT,
ABFFE T RAMP1 @ Trp*® %3 C-mannosylation &5 Z & 2D TH 62T L, AEAH RAMPL O
HEMICEE TH D Z &0, MlaiEER L eET 52 & 27 L7z, BLEJX Y | C-mannosylation 73
HE S 7 EOMRE A HIEIF 5 Z & 1% TSR superfamily X° 1 B NI A VS BIKIHS Z &7
<, HEHTHDZ ENREBINT,

% 4 T, RAMP 1 & [AIEEIZ TSR superfamily % > /X7 E I THI A S A UZFIRICHE S
PRSI 2 X7 ANGPTLA 127 H L7z, LA L ANGPTL4 @ Trp®0 1%, =2t o4 RS %
722 BB 57, C-mannosylation SALRD o7z, ZOFERIL, KV EEMIZL C-mannosylation =
Y AFSIORIBIZH D708 Y A% C-mannosylation AFZEN S HIZHET D 2 ERMIRFS
2

S ETCIIRIEE LT, £ETH LIS, C-mannosylation 23 EE & /X7 BIZH- 2 55
BIIOWTHAZE LD, BELZLBLTVD,

AFZEIL, Rspo2 35 LT RAMPL # > /X7 'E 75 C-mannosylation S3115 Z & ZH LM LT, &6
|2 C-mannosylation |ZFH % > /X7 B &4 L CRlAlE ERES> Wnt/B-catenin #5172 SIZ/EA L, A
DEATZARMET D ATREMEDN /R S 4L, AFSEITXFINAINIIER ITERE, Lo T, RiaLoFH 13fH
T (%) OFMNEZTLERPHL D LERD D,
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Functional manipulation of interhemispheric connections
through brain-computer interfacing

(oA avta—H 0 F—7x—A T LD KMFERF I OMERERV#E1F)

b ORI IZZ B OB MR L, FBACER) 2 & Ok 4 22 RE D TR
ICBEE LTV, 209 HIEEREREIC DWW TR, e O AR E B B 2 A AL L
W 72 E ) A K9 A FERRE I EL S (Interhemispheric inhibition, IHI) 23 <
BLL TRV, MEEHOAERICEETHD Z EDBRINT VD, L UINEET 238 0E
95 & BENERD S IERE Nk~ THL 13 L, FEREF-ER) S B E -k ~D THI
PMEENZHER T D720, FERICHEREEROERPREEIC /25, ZnE T, THI ME%s
FEIET 2720 ORA E LT, FEAAKMAER I3 5 SR SURIC AR A R I X 54
IRRIRIE RN B Z RN TE N, WINbNZ THI @ B CFifiILER TE T b7,
ZOMFIIREN TH 72, & 2 TRIFETIL. KM EEE 2 ELANCFHI L, &
BOTEB IR T AEBEMEO B 2T A7 LA s a B a—F U H—T
= —A (Brain-Computer Interface, BCD % F\ T, FEM-ERFF I 72 B ML 2 B
Z7p\u, THI 2 FEEIICEET 2 2 & TE D05 LTz,

B1EIFRCTH D, THI DEEEREIC S 2 2 AR B O WL L=, &
2, ZNETHWLN TE 72 THI SEZBET 2 72D DO FIEITHOW TR L 7o, &ZIT,
HH7eT7 7 —FTho BCLIZOWTOH R LHEEZ F &, RIFFED HIZ R,

W2 BETIX, A WO R EE B OV B) 2[RI R E L TR R T S
Z L& T, ENSORER I T EZ T 5 BCI 248 L7, KIKEE D & mltEo
BN D Z LM LTV DIE & — IO KIGFER D & OFE £ 53 AL 72 F
feaxtgif & LT, AV EROBEMIT LA, AR T S5 2 & TEAERFER 2
BN FH 25835 BCLAEE ., T0WD/ ¥ — 2 25842 BCI iz TnEh
BIol, BEFRAN 12 4 E2XRICT o Z L7 v A —/N—{EIZTi 4 Ao BCI
AR ER o, BEaXMSih L LG EI3EA DL L OYERTH > THEER-EK
ICRIT DB EZFE LT — T, FREENEH & LGB ERIC BV T Al
BUEZHETHZ 2R LT, 2RO OREREN D, HEE L7z BCLIIAER-ERFr F Ay 72 Bl
BHLZHETEL L 2R L. £ Z2 ORI KM E ) & BRI D P
S & O ZERZ T S ReE A R LT,

55 3 B CIX, AIF CHEEE L7z BCI & U RRREHE M RITRIEZ W C, THI R 2 Ff
ERINCHIET 2 2 LN TEDDEE LT, BEF N 24 4 Z 5t GHTHER) -k O Bl 1 %
BEEMRES T 53 A B Z v, —EOHBEL N IZE LT X A I 7 THIME 525
Z L TEORFO THI 5REE A7 L7z, & OfGEHR. FERYFERRF A 70 BUE MEFHE D iR S
naEEbic, —MoESEEENEICAREL CIHI 28k 25 2 LR aniz, kD
RS, A BCI % AW 2R R B M OB ) 2 slEc L v THL 538, 472 b b
TEOMBREIFIRIEZBETE D Z L 2L LT,

FAFIIERTH D, AMEORRERIEL, ZOEEME L ESBORLELZ RTINS,
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EHEDEY

WEE T i %5 5845 & K 4 M IER
MEAENE . EA BERBKEER ML (I Ai i —
Rl BEERRORHGE ¥ [ N
BEEF R W (B fills HEST

BER RO mE (%) - it (B A 9l

4t (%) | EL (%) WREWERHOE LSRR IEL.  [Functional manipulation of
interhemispheric connections through brain-computer interfacing (7L A > » A Ea—& « f L X —7
= — AT K D RMFEER B ST ORRERIERAE) | CEL, 24T 05, b FORKFEERMICA D
DR D 5 B FERRINH] (interhemispheric inhibition, THI) |35 {AIH S o B Hil 2 572
BEZRIZL WD, WMERERAET 2 L, HIITHE L, FREIXERELT 5 2 L s, HIRE
Z BEE RN ES 2 FIEOBRFE R D BT o, ARFRSCTIE, RIMEETEE) 2 81 s b ERHY
WZEHAIL . ARV IEBN I3 2 BB A O AT 57 LA v s a v B a—HF - A X
— 7 = —A (Brain-Computer Interface, BCI) % H\ % Z & T, FEAEERICHERRM 22 B ME OFR SN
ARETHDHIEETRL, THIC L > THBREZFEEICHIETE 2 2 L2 LN LT,

%1 EITFRR T HI 2SEEEREIC 5 2 2 AR 2R LT\ D, E 72, THI J8E %2 #e
YET 2 720 OB TEOREMAHH SN TV D, &&IZ, FR T 7r—FTh D BCLIZOWNTOD
FNREFRENE L O LIV, AMEO BB B X5 TWS,

552 I, AL ORI EB) B OTRE) & RIRFICSERERIHEE L, a2 R iERT 5 BCI
EHWSDZ LT, EAOIEESZEBICHEERESI CE 2 Z L BRBRRISNTWD, BRI, KM
BB EHANEDHIRF N H 5 Z EBRMENTWDIE & —(APE DS 3 B 72 T48 & %5
ik Uz, ZPEROBENEZ BR AYERITIR T SE 5 2 & O PERFE R 2 B EH 23585
% BCILilfg & . ZDWiD/NRHF — 0 ZFEES 5 BCL A b, @R RA 124 2RI T7 %
27 g A —/N—IEIZ TRt 4 HREO BCL A2 B 2 2o Ik R B 2 )t & LI aidk s &
HLOOWERTH > THIEMERICBIT 2B A2FHE CX =, —F T, BRELSHE LELAIT
FTHECEERICB W COLBEEOFBENARETH 72, ZHH DRSS RS L 7= BCI 1T
PERFFRMCHEBEMEZFE CTX 5 2 L BLOZ OB IIZ R E D> B B #5128 2 i e it
3 DFER A M 2 ATREMEAV R STz,

B3 T, ATE CHESE L7z BCI & S RREA M AR L 2 FV €L THI R 3RE B e
ARECHDH I EHFFEL T D, BRI, AR 24 4 % b ST 1Bk o B8 14 2 b 2 5
i+ % BCI Az, —EOHE L~V E L2 A I v 7 TRV SB[ & 5
Z. SN HIBEEOERENMET STz, ZOHE, BCIIC K DAEAHERK FLH 7 Bl M5 E
DRI N2 & &b, —MloEEN P BEMEIZFEE L C HL X2 b L7z, BLEORENS . BCl %
FHDN T A ER B P O REE 72 3lEIC L 0 THI MEZEMETE 2 Z LA L TR 57,

WA EITRGR T D, AFEEARIET D L & BIT, BCI MRS F R 213 U od & L 7= k5
EEIEEOERE L U CERIG A S A RTREMEIC DWW TR R TV A, 77, FOFEBUTANT CHLEA
FRETEEE () Z IR RENN 2> & O3 G 72 fiEs B BT i, il 2 N OIRIREOGHEDIEN R £) 12D
WT, EREZRZTRRALEA LTS,

VI b, AFGSCORCRIT, AEA W O AR MR R E BB O 158 A [ 2 ZRFHEE L CRRIE R T2
BCI # % Z & T, LR RN BB 2B CHE N e ThH L L, ZnICK
S CRCEER O HI JRE 2 NI DEERNCEECEX 2 2 2R L2 L TH Y | FiRiER) %2 X
2 D IRHERE OFRCAIR U N Y T —3 a VOB ARIEICHGTH L ZABDLRL 20, Lo
T, KX oOFEFIIE L (%) OFNEZTIERBIHLLOLERD D,
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ERAERE T V2B RE LTCRETE I L D0 AT & SEREICBIT 258

i3 2 2B L - THIEAIAE L, 26 OB IR E e 872 EOISHATECBIT 5
KSR G BB L B2 5, £TTETIIA~— 7 4 2 SNS OEMIZ L » TEANGE R H M b2
TEY., HEOEENRVEREFGD Z LITFZ < OFEPMHET D, BGROA L. PG ENHil
FEDOIENEDBA L & RO BT KIINT D Z ENTE D0, BRI 1 DOV AT A TINH TR
TOHERVRS ZENEEND, LR L, BIREETIEL 1 DOV AT A TTRXTOHbERET
D LT LN, FEEOSRIHTESZ Y T THERIZIIT 2P LOBREI BT 25821 T o 72, AR
TIIIWEEOA L E LT AR, FEEOSLE U THOBREIT DN TR, — A7 G Tk L
D bl MEBEAFEIE L QWA PRSI DN HEOISE AT o T, 1 A T OBEEHESFET /UIFED
TR LOEAERCET VORI E | UG UTery BT — I 4iE ERIBIOREIC L - T, 1ERkD%E
JEFENFEDN-THEL D bEVEE THILEBRETE D ELIRRE Lin, Fiodkx 22 S ER ORI
ELTHWBND Ty VIPEE T 4 VAR U TR TFHEEIRRE L, 1y bU—27 O AFEHEIKT
L CHIBERZAT O Z LI R D FE DR OV T LTz,

55 1 OIS B & BAUTSE D TR B RIC DU Tz,

52 BECIIREEE L THWSND BT 4 AV Z T LTl £ -85 B 2 i &
LD IABET IV, BTV, D ZRIH LT OIERIIZE W TR L2,

55 3 ECIIRIURDT=ODFEE LT, Ly VIR LT 4 V2 42 LTz, $EEFETIIN
> F RN COMEREAT 5 —J5C, MEEA B LT BEROEREAH/ICER T2 2 & T mdoTy
IRAFMERED I R LT 4 VB B LT,

4 BT IALRETIEICOWTELZE L, 2 SOTEDRREEZTo7-, MIARBREL, 1 KOFE
DO OXRGR T DR LBV ARG A ST 5 % A7 T %, %2 T 2 DOEGEIZIT AV THHE]
PRI E EDE R, ZNHOMBEIIMEL 702 K 9O R EEZRRE LT O 1 DHOFETH D, £
2 SHOFETIEERODIEAE LT FEI I U CHATERAZATH 2 & T, B IARBREMREDM) 2 B
L7z, ZHDOFEIBEOT 21> MIBOTHERDTEL Y & @\ G T D AL ZBRETEX 5 2
EBIRUTZN, FFEDT—4F v MR L TUIMREN T3> T LE LA HDH Z L bIEGE L T D,

5 E I ETEORRE T, BT /TS e FE I i = & lc k> T X
v N — 7 SRR A g OSRREA T E S B T, FEAT— 2y hOIEBEEHT LRy b T —
I REEDIERIC L T, ERTIEL N TEVBEE CHARE TEL LR L, R Loy
AP 7 A VE EFHND Z LT Ry NT—21TxT D AT —H ~ORRERN 52 5 2T
T L7,

55 6 B CIIAMITEIC L > TR LIV IR Zffmm e L TE LD, SHBOBEIT OV TR LT,

_29-




EHEDEE

WEEE 55 5846 = K 4 HHRT R
CRAMYE . TR B E SR BN S T+ MR e
Bl B SR BN A T+ K

i NG it (T ik Sl

i N Wt (T A Fil

BERBRTHERSE  mE (T IR seil

(1) B (%) R BRI OSEGE RSO B A KT T V2B E LR ES S
WC LD AR EFEREBICEET A9 EE L, 6 ORI TND,

IR % 2R BRI L » THERRE L, 26 OB RITRERCHE 387 E oAk
AR A 525, FREETIEAY— R 74 R0 SNS O KT L > TEANEEEZH
IS LA THEY, HILOEFENRWVEBREED Z LIZITZ < OFENFET H, AL TIE
IEMEOSIEE LTI DAL, FEEOLILE L TEDOBREIZOW T, — A2 BT
HEE B EVERE R R L QO AR FE ICE S W BILBREDOE 21T > TV D, B AT Ol
BEAFET MZEDSNTH LWEBAERET VORI &, UG Cexry b U — 7 g LK
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Thesis Title

Cognitive Grasping and Manipulation of Unknown Object
Based on Cyber Physical System Approach

Soft robotics application is growing, and several industries are researching to build the
capabilities in service robots to flexibly adapt their behavior when interacting with humans.
Service robots require ability to perceive, understand and plan to perform precise control with
skill and real time learning. It is important for service robots to have the ability to grasp objects
with the right grip and lift force irrespective of their physical properties (weight, stiffness, friction,
etc.). Generally, when it comes to grasping or handling objects of any given property there are
three basic actions that humans perform which include sensing, acting and learning. The
objective of this research was to propose novel Cyber Physical System (CPS) framework that
can enable perception (sensing) and grasping (action) functions to enable a common robot to
grasp hard/soft or heavy/light weight or smooth/rough surface of the objects with a minimum
safety margin in gripping force and do a quick grasp force correction to change in the
environment.

Chapter 1 describes the purpose and background of this research and explained about 3 key
functions for enabling cognitive functions. Also, the basics of CPS and proposed incorporation
of 3 key functions to build the cognitive functions for position controlled 2-fingers gripper robot
was explained.

Chapter 2 introduces the fundamentals of motion control that is applied to experiment setup
which enables sensorless acceleration control of 2-fingers gripper robot. This chapter
contained comprehensive explanations for acceleration control and its implementation in
experimental setup for validation and demonstration.

Chapter 3 describes sensing function and details for the identification of unknown object
properties (stiffness, mass and surface interaction) based on tactile motion sequence using the
2-fingers gripper robot. Here this study compared different machine learning approaches and
shared the comparison for selecting the best convolutional neural network and long-short term
memory deep learning approach to identify object properties.

Chapter 4 describes acting function with 2 approaches. The first approach was to use logistic
regression machine learning model together with rule and optimization to suggest optimum grip
command. For second approach, this study proposed to use the model predictive control
approach to suggest optimum grip command without learning from experiments.

Chapter 5 describes learning function and explained the concept of self learning to enable
robot to learn continuously. To enrich the learning, this study proposed finite element modeling
and physics-based simulation for generating learning data.

Chapter 6 summarizes the results of this thesis and presented conclusions with future works.
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Activity Detection Systems Using Infrared Array Sensors With Deep Learning

In assistive care technologies, activity detection is one of the vital tasks to assist people by preventing
or at least detecting any accident that might occur. Activity detection has conventionally relied on two
leading families of devices: wearable and non-wearable ones. As their name suggests, wearable
devices are devices that require the person being monitored to wear them or at least carry them with
him/her anywhere (s)he goes, such as smartphones, smartwatches, accelerometers, kinetic sensors,
etc. It is a burden to the person to carry the device. Non-wearable devices, on the other hand, do not
have such limiting constraints. A device (typically a sensor) is placed in a specific location in the area
under monitoring, with no need for the monitored person to worry about its functioning. In recent years,
many non-contact activity detection techniques have been proposed using Wireless Fidelity (Wi-Fi),
Light Detection and Ranging (LIDAR), radar etc. These approaches have limitations like coverage

issues, and deployment issues related to computational resources.

The recent introduction of the wide-angle low-resolution infrared (IR) array sensor helped develop
device-free monitoring systems to solve most of the issues. Many IR-based activity detection systems
have been proposed in recent years. The limitations of the existing works include but are not limited to
the difficulty to detect the activity, the non-robustness to the environment, and the computational

resource constraints in deployment.

To address the aforementioned issues, this thesis proposes activity detection systems using a hybrid
deep learning model, which could classify blurriness and noisy images produced by the two wide-angle
IR array sensors. One is placed on the wall, and another one is placed on the ceiling. Activity detection
technique involves two stages. First, we classify the individual frames collected by the wall sensor and
the ceiling sensor separately using a Convolution Neural Network (CNN). In the second stage, the
output of the CNN is passed through a Long Short-Term Memory (LSTM) with a window size equal to 5
frames to classify the sequence of activities. Afterwards, we combine the ceiling data and wall data and
classify each pair of frames using hybrid deep learning model. Furthermore, we propose an activity
detection systems using one IR array sensor on the ceiling allowing for performance comparable to that
when using dual sensors. By applying advance deep learning based computer vision techniques, we
remove the noise and blurriness in data, which help to improve the IR image quality. The IR
images/image sequences are then classified using a hybrid DL model that combines a CNN and an

LSTM. By incorporating a wider variety of samples, we use data augmentation to improve the training of
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neural networks and make the model robust to the environment. A Conditional Generative Adversarial
Network (CGAN) performs the data augmentation process. By enhancing the images with
Super-Resolution (SR), removing the noise, and augmenting the training data with more samples, the
classification accuracy of activity detection can be improved. We used quantization to optimize the

neural network so that it could run on low-powered devices.

The contribution of the thesis as follows:

We propose a lightweight Deep Learning model for activity classification that is robust to
environmental changes. Being lightweight, such a model can run on devices with very low computation

capabilities, making it a base for a cheap solution for activity detection.

The blurriness and noise present in the IR captured frames, due to the sensor characteristics the
imprecision in the sensor lead to a noticeable drop in performance in conventional methods. Our
proposed neural network architecture manages to address this issue by exploiting the temporal changes

in the frames to identify the activities accurately.

We identify the activity using a time window of less than 1 second. Despite the smaller time window,
we have remarkably enhanced the classification accuracy in comparison to conventional works, which

require a larger time window.

Low Resolution (LR) sensors are always preferred over High Resolution (HR) ones if they provide
similar performance. It preserve the privacy of the person and have much lower cost. We demonstrate
that it is possible, by using deep learning techniques such as Super-resolution, denoising, and CGAN, to
achieve classification performance on the LR data that is nearly identical to that of the classification of
the HR data, namely 24x32.
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WZDOWTIR 7%, BEfFFIEORER & RO ES T L OEBRIZ DWW TR TN S,

B2 ETIE, fTERM S AT AL LT, M EIFEERONERIBEIZOWNTIERTWS., &
T2, BRONRT VA © o L DITEMR o AT A ORERIEDFERIZ DWW TR 721, ZOiRE
WZDOWTIRTWN S,

H3ETIE, BEL RIFICRE LTz 2 DDEMGIERART LA P2 VWD, REvE 4
HWTIRNRT LA oI K DITERME T AT A ZE L TWD. IBRBEE, &0 5
BONDIEES S E, BHIABL==a2—F )%~y N7 —2 (CNN : Convolution Neural Network)
BN ATTT D, £ LT, £NHORRINIM D ZRE Lictk, & - mWELE (LSTM @ Long
Short-Term Memory) (ZAJIL, —#OITENZNHHT S, D%, RHFOT—X LEBEDT —X
BAGEDE, NAT Uy REBFEET VEAWUTEIZMET 5. ERABELT, #EL
TRE S 2 W TR T LA B K DT8R O A7 203, 58 % & O 7o B E D1 TE)
R E RO ONN DB W IERIER D b EVEE TRIHTTE S Z L AR LTS,

AT, VAT L20OM5/b% BIE L, KIHFITHE LT 1 DOERMGIERIRET LA &
PEHAWD, WEFEEERCTERINET LA o I XT3RS AT A& REL TV 5.
FERIE T, ARG ERIMRE T REDOIRED G 6O X7 EOME %, EEFEHTCXY
R 282 W TWb . £, TR E A2 SGET 272010, KBBERINET LA &
Y TR LN DIRE N & EME AT 5, RETFEE N O —2>Th 5 BAGE O 2 FH T
W5h. BT, BEREDOT X REREINSAL DT — X NEDORMBEE fRIRT 57012,
S = o > 7 —2 (CGAN : Conditional Generative Adversarial Networks)
ERNTT =2 2R LTV D, 205 OWEFEE M2 TR LT — % % C\NN & LSTM
NORDEETFEET VICHEHET 2 2 & C, i %2 5 O 12O TE) 2 B 75 <° CON D74 %
AWEIERIEL D bEWHEE CRIETED Z EE2RLTWS.

FESEIIMmM THY, AFEOBRFELIBRTND.

PLE, KX OFEEIL, BEFEZHOTZRART LA 2o X A1T8R S AT A %22
L, TOFIMEMRLTEBY, LY L, L¥EEFHETDLEIANDRIBV. Lo, K
RS OFEF I L (T O =2 T HDERPH D LD LR .
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Resilient Wireless Multihop Networking based on Open Standard Technologies
(ABAEEYERANIZ S LY YV = F R~ LV TF Ry TRy N —F )

Internet of Things (IoT) (T EHKELZF OB L VTV Fao— X7 Enpik L
VAT LEEW®RT D, IoT RS EIERVATLAZEHEET D2 LIk, Fox DAIE
EAv— MELTWL Z &SN TS, Industrial IoT (IToT) & IFPEHXT 7V /-
—vaYAFD T DZETHY, fIZIFAY—bh~v=a V7 7 Fx VU TROA~— |
THV—, A —hEAREDT TV r—ra vy Bd b, HoT IXFEAN S 2T TR <,
PEERPOBERSIN TN S,

Internet Engineering Task Force (IETF) i3 IIoT [fi} DB/ HER L~ b U —2 )5
A& LT 6TiSCH (IPv6 over the TSCH mode of IEEE 802.15.4e) 2 f2#E{l, L C & 7=.
6TiSCH @O FALL A Y@ & LT, IEEE 802.15.4 @ Time Slotted Channel
Hopping (TSCH) MA#EIR I TW5. TSCH (7727 U A—FA—2 a3 VOB T
Js < fEHIL TV D WirelessHART <° ISA 100.11a & 5 » 7= pE M HERGEE H U A2 H
kbLI5, FIEEFEAOHENTHD. 6TISCH I LV, EMTHEEBBH T DL O 78T A
ATHERSIND, VYU TV N TR =TT NRER~ LT Ry 7O IPv6 Fv hU—
JINFEHTED.

KL DOERERIT =2 5. —DOHIXYSF EFEEIIN S 6TiISCH DAV a—1 >
TR AERE L2 & ThD. YSFIZ6TISCH (ZHEHLL Tk, F7=, IETF 23 EHE(L
LAY a—0 v FTEELD b= RY—2 0 ROBIREIEST — X (SO S T
BNy N —7 B TEX 5. YSFIidFE/, 6TiISCH D71 ha /LA K v 7 I1ZjE-
THEFSNTZATr V2= U VEEIC K > TETISCHDO R v U — 7 MiEEED Hivd
ZLERLZ. ZOHIZ6TISCH DR A 2 =T A BREL T4 —T Y — AT
BRAL L= 2 & TH D . 21, Contiki-NG X° Wireshark [7] (7 (ZBi%& L 7= 6top Protocol
(6P) EHIZ LY 6P DIk AL mD . £z, ZhbnEHE T ETSI
(European Telecommunications Standards Institute) Bifi# DO B EaGikER T H b
7o, mf&IZ, 6TiISCH OEHAUIZXI T A2 EERCTh 5. IETF TR Sz RO HoH AR L
Ea—I2LY, 6TiISCH O bA M S W7z, v o b—y a URERSOFEERF b D7 1 —
K3 713 6TiISCH 71 b VG HI B a8 5.2 7-.
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(TP REZ BTN OTFAEE R I [Resilient Wireless Multihop Networking based on
Open Standard Technologies (ABIEHERIZE S LYY = M~V F ARy 7Ry U —F
YY) EELAE6 ENLERIND.

Internet Engineering Task Force (IETF) & Industrial IoT (IloT)[MF DA E /1 #ERE R~ b U — 27 5=
& L C 6TiSCH (IPv6 over the TSCH mode of IEEE 802.15.4e) & #Z#{l, L C X 7-. 6TiSCH ® FLL A
Y oi#fs & LT, IEEE 802.15.4 ® Time Slotted Channel Hopping (TSCH) 23 &R T 5.
6TISCH |2 & ¥, M CHEMBE TR 7 A A TR SN LY =0 R TR —F TVl
B IVTF Ry TDIPv6 X N — 7 NFEBLTE 5. LinL, ARWFFEOBRGRE A CITRELE - &1
DRy hU—2 % 6TiISCH THEITE 20T S TIE7 <, 6TiISCH IZBET % OSS 1T 1457
T, E¥bbE ETHoT.

1 RIKRLOFETH Y, AROER, B, HEIZOWTELHTND.

5 2 #13 6TiISCH OB EIZ DWW TE L DTN D,

% 3 F(T 6TiISCH OilfE A7 v 2— U » ZIZBT 5% 57U TéH % YSF (Yet another Scheduling
Function) D%+ & fHHIZ DWW TGRRTW D, YSF I T OEMN AT 7 r—varThder
T —HIWNELZEM E L, BERLEE RELLCEERAT Y2 — I 7 ThHSH. YSFILIETF
THEYE(L, S U7z 6top Protocol (6P) L FEXNDHIEIZ 1 =)L A2V, 6TiSCH *> NV —7 £
T — X OEEIERIE IR > THREBIEN /MESND X OlEEZ ATV a—NT5., ¥ Ialb—v
a VEHMEORER, YSFIXZT —XUWET 7' Fr— a v OIBE BN CTh 2 M5BT | RN, 7—
ZASHENE 98% LA E & IER TE D Z L R ST,

5 4 FBEIIAMFZED FCER%E L 72 6TiSCH BiELod OSS (Open Source Software)lZ- DU Tl =T
5. ARWFFITIBVTHITE L7z 0SS 41, 6TiSCH Xy hU—2 %3 Ial—va VAL Lz
6TiSCH Simulator, IoT 7 /N4 AHHEARY 7 7 =7 TH 5 Contiki-NG D I = L—# Cooja D5&
AR/ — F T % Cooja mote D TSCH X FE4E, Contiki-NG [7]1F 6top Protocol %%, L/~
7 NMEHTY — /L Wireshark [1]F @ 6top Protocol /3% v MENTIERE, MEHRALE T — X INEE Y — L
Mercator TH 5.

%5 5 %1% 6TiSCH DOIEHE(LIZ A4 5 BRI OV Tk =T 5. YSF < 6TiSCH B o> 0SS 4
DBAFE D D H TR LB AR OB RS, 2, IETF THHIENED b TV BE RS
FIZONTIRRTWD . BRITIEHERE Ny 7 4773 Y X5 %G1 IEEE 802.15.4 fHER Do
#£4¢, 6TiSCH Minimal Configuration D fiTai#E D54, 6top Protocol DILFESEZE, 6LoWPAN (IPv6
over Low-power Wireless Personal Networks) Fragment Forwarding D #Fffi, 6TiSCH Minimal Scheduling
Function D #¥fli, CoJP (Constrained Join Protocol) DIFEIERMR ETh 5. 2021 4FIZ IETF IZH1F
% 6TiISCH DIEWEALA—18 Y 55 T L, SEZREAN AR B < vz,

6 BEIIATM L ORGm Ch Y, fn & ifid 5 & & HIZ 6TiISCH DAFZERISE THRE L7 K -
W A=Y —Rala =T A PHAICEET LA =T A ) N=a YA 7O T
HARTND.

LIk, AfaSCTi(E A7 ¥ 2 — 73 0 YSF D% %08 L T 6TiSCH 723 oT TR b % 1K
JE - B ROy N =27 2 FBITELZ LW oMLz, £z, 6TiISCH DRFICET 5V 7
Ry =T %BA% L, 0SS & LTAR L. & HIZIETFIZH VT 6TiSCH DA AR DAL T
Zitol=. U EOBEMIITY EHET25E ZA007< v, XoT, KigXoFEFIIHE (T
DFNEZTHDERDR DD D LD 5.
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P L72ATESN A FAT T2 2 L AV IR LAT D 2 & TE AV ZFATT 5. #EFIEDE
BUIZH-0, BB THET VB I OX A7 ZE#ET 5 72 DI R e i e 2 55t L,
FETDLFEORELITH. AR TIE, BEMEOZBENAFIRTHLLIBEIRA Y hO
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ZHBUT, ZOAMEELREET 5.
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FEEE L TEREEZITY, KRS TIRET 2713 A LANRET L — R5i{b7E
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B3 T, EBOREBERET NVEREIL, BT VICH 2D ANEGD, REER
T NDOFRNCE 2 5 B E FEBRIITHREE L 7S RIC Wb~z AAEg & LT,
PERIES FIA SN TELERm I AT TiE7e <, JERH 360 E 2RI A RE/R R AL A T H
THIZHENTHODHZ EE2RLTZ.

54T, EGRTH EITERMmIC S ATEVER T VT Y X ADOFEEFIEEZTERRT
5. ATENRHMI Z R A 7 > ZHIC L 0ITH 72, ZOHEEETT VOB L OFEEESY
AL, BEOYI 2 b—ya v R OVEKER @ U IR R TEO A MEMGERS R & FE
e NNl

S ETIE, #MIHMREES BERIEE COMBENEWGEIZH A 7 EITICRKT 5
EE RS 5720, FFREIA T » 78I X 21TERMIE Cld7e <, AT DKM AT v 7 UUW
(CBTEDIRFED G HIERRFEIZBIET DR CER S D X A7 B ATREME: & MG S
BEOFHEZOTHET VERREL, [TEEKRT VIV XA NCBTH5HEMEEZ R L.
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OEBIZHY, BB THTTLVBIOY A7 ZEHRT D - ORI sl 2 5% 5 L, 28
THFEEREL TN D, AFETIE, ZREMEOZENAAIRTHLIBEH Ry hOFTES— 3
VRAATIHRRFEZBEAL, I al—Ya v BIOEMAE W EREZB LT, TOAMLY
MiFE LT\ 5,

B ETIE, RRXoOEF, WREMERS, PFROMES T &Stk 275 L T\ 5,

B2 ECIE, ARy FOTEIRERNE A~ L3 7 R EBRTRIC I T B WS & B A R
LTCERILEITV, KRSUTIRETAH 7L ITY ZARETFAR—Z RIpFEE 7 LI ZLD—D
ThbHZ ExRBITND,

53 BT, mEBOREERET VARG L, BT WIE 2 5 ATEGNIREERET VO T
(252 2 8B 5 EBREVICHGEE LT/ RIS OV TR R TS, ANEBE LT, #ERIESFIHENT
TIEE S A T TiEZe < P 360 FEEBMFTRE/R R AL A T E#FIAT D 2 ENIRRETHICE %)
ThHI LERLTWVD,

FABETIIET, METDHITEERT L ITY XLEFHL T D, BRIZIE, EEOITEN %
P77 L TR LNIATESNI RIS 2 AR RDIRRERZ T L, Z ATt d 2 IR AEME 2 5 H
L., BoATESO R0 OMEEZ R RKIbT 2 b OZEIRT 5 Z L2 ikd, RIZ, MEHEEE
TNOFFE LOFEEELATEAER T V) AAOFELE R L, BHOv I —va Bk
OEMEREZE U T, BETFIEOAEMEORGERE R L EIC O VTR TN 5,

95 BT, AIHNRED D B ENRIE £ COMEEAE WA X A 7 FATICRMT 2 e & R4
L IEZDNTRRTND, BRI, BRI AT » 78002 L 21TERHMECidZe < . AT OFER 2
T T UNICBIEDIRIED S HELRRBICRIET LR CTER SND X AT FERMTREN L FESHT L
WEHIERE & Z DO FPRET NV ERE L, [TEERT L TY XLZBTH2HMMEZ R LTS,

FowETIIMEMmERL, BONIREOEELRFMRESZOBEIZONTIRIEL TV,

Vbo X5z, Rigstid, g rRic L 0ireidlk TRy MW T, vl y FBARENT
TEIT D L THROLND T —F0 0, ¥ A7 ZERGIEZ BEMICEE T2 FEZREL, Fer—
va AR AL, ETEAERT VI XAOFHAEERGEL TWD, TOMEITIaR Y b
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Phase Detection based Two-way Ranging in Sub-GHz Band
for Remote Keyless Entry Systems
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0y 7 R S, R TIETEOESIEN H 0 | E IS OPE D 2 DR
EToTWD, V=747 LI EIL, MAiEHE% L, BN -x—7+7
(ISR AR L, =T o TS OIS I A SRR D, I — T o T
WTFSTEBRESN, 7T ey 7 2Rl TLEY, ZOHBE~OXNRIZIZHETHY,
B OB ANREI N TV D, BlZIE, A —7 4 7 TOHRBEZFEH L.
3m UNIZH HREOAHA KT vy 7 fikrT 5 2 & ¢, #4255, RKE v A7 AT
X, BIEEMERRICIN A, e — 2 VVEERBUE, I Ly Y RIEERENCL DNy T U E)
EEOMBLLMN D 5, Kex RBIIE T KO0, T X~y #EEON AR 70
EHINS,

Kiw L Tlx, RKE ¥ 25 LTS 7 X H A~ #2610 DA &2 7= 8051
BRI AR 2T 5, REFRTRIE CHFSE ST & 72 RO B OBE & 2 AR R I LS P8R L |
Bl AT 58— v ADBBICLY, BT A ABOF R/ vy s+ 78y
MZ R DR R ONLAR T~ DIl 2 D, mksE O REEIE 2 9235, = HIT, I’
ISR N T v VTR R OB O B 2 8 2 R OifE N a2 R E T 2,

KL TIE, £, RKE VAT LK) L—7 % v 7 ORFEE, RS, HIEE
WA L, BT D — 7V AR VTS24 E T KOBMEREZ R 5, Fil) T,
say A7y b VTR DGR e MERERR S . MEARSMET 1 K D MEREIE
HOXZEL, W~ 0 M2 T, il 6mx6m = U T OVIILFNRRE T T
74—V REli & 3206 L. $RE T 2T XG0 E2 iR 5, HEaRTERERA K OV
HIPEREIL, FRHEREZEIC T 0.65 m KTN 113 m, 22 3 m LA FOA L v URIZT
99% KT 94.7% CThH o T-, EF R, F—7 7 ETOHEKIELHFL, Zu—L
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24 (L), L& (L%), WP —BERERH OS5 R LI, [Phase Detection based Two—way
Ranging in Sub—GHz Band for Remote Keyless Entry Systems (U E— hF—L AT KU AT
LA T X T~V WA T DA 2 W= RO AR D) | L, 26 OB
SNTWA. VE—FF—L AU MY (RKE) VA7 AL, HEEOFEEZED, 20T
WZIRIE L TWD. KU AT A, IFEBARESZIEA L, Bra &S El O ERBELL FIZa% 5 &,
F—T 3T ST R ey 7 2ERTE S, L L, TEEFIIREOMTIEN D 0, Bm R
HEOMHEMEE RS> TND., UL —T% v 7 EMHIN BRI, Hli»OONEZ% L, B
F—T F AT ERTHEL, F—T7 3 7D OINE S EEIC AT ER TS S, Bl — T 1
TNEFSTZEREIN, F7uy 7 &2ELCLED. ZOREL, EEpHkE S 2 HE, @E
7u haVERICE TR T D, ZORBE~ONRITBHETHY, VL —INnGEniond ik
BRSO GANFF SN D.

AF LTI, RKE ¥ AT AT 7 X0~/ BT DAL &2 7= 805 R e 5 A fR 4
LCW5. RKE VAT AORERMBR ARG T 2 = & e < PIBEEREOBMZEE LTERY, ¥—7%7
M3 mUUNICHD Z ENEHERCHIRTE, VL —TX v 75 ICAITHL I LRI ENTNS.

F1IEIIFRTHY, Ny T RKE VAT LAOME, VL —T% v 7 OSMEEZRNL, Ny o7
RKE ([ZEER &5 7 a— 3 usbits, SRR, oA BRI 2 L2k, ABFEOM BT
DWNTIRRTWN D,

% 2 WX, RKE VAT A~OEMICB W TRESMEE 20D, BHREE, 1ALy, Ny 7 UEEf
FRAEZHAA L, M5 AAMERRGEIE 2B 1T D BARRY 2 BR AR 2 R LT\ 5. 7 MHz BUF O BRI,
WOmDA Ny, a4 EMT2EUEOE 2 EHT 5 LEMEN S, e itk Ekifoh <, ¥
TRH A~V HEONARRE G, MG ER L2 RA/ ko Tnsd.

% 3FE, Time of Flight (FRATRFMIORNE) THFIE S 40T & 72805 LRI BE O % AL AR (295
RLEREFRADBRONTWS., WHHMCHEE RS 70y 7478y ML, FREHRT5—
AT EY, BT AL ABOIERB S vy 7 ATy M X AR R O I~ DI & 5 6,
A7y FE100 ppm IZBWTH, WIEERZ 0.3 niZfxzoNbd I EE2RLTWVWA. F2, 95 —DOD
SRRE L 7p B EERMSERIE T, eI S T O L TF S AL AR D RO ME T R AETRE LT
W5, KFROEMEFES, 10 m ETOT Y 7 I A= 2BV TR HEFA7E T 46%0 M40 B4
THEY, HHIES 10 F00 LS R 5 KA mt kT R E RSO~V F RS AMEDEIHER S LTV D,

AT, EREMETICL RIS & A E X, ERAETE LT A—FEHWEREF ROV
Ralb—yar Xk, RFEEHETICE DHEEEERAZHL ML TS, v LT SAMES R LS
WIEZEE S OMMEST T30 B UL ENER SN, Vo7 AV y FEFR LD ERMENE N & 28N
Tn5.

%5 B, R R U R ER A VT, S 6m X 6 m U T OYILTFRRAB
BETICBITD 7 4 —/V FRGEZ £ L, BIEEHER O~ L F RAOEMGRERL TS, “HET L
BREE I, JIPEREZE 3 m LN U 7 I 23— 88. 1% 5 94, ThDEENER SN TWAS. F7-, K
HRBEN D L E O LW LT RRABRE FIZBWTHRIT U 7 /3—FT 82. 4% 7H 5 88. 1% ~DikHE
DHER SN TV, EHEMRGECIIHEGRIER O OMEE bR S, MREE M ey 7 %
ARLTWA,

6L, MEmThD, AFEORIEEZBRTWVD.

PLE, KiGXOEFEIL, V7T~V YHICEIT DA E A3 AREE A ez L, #
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Virtual Sensors with 3D Digital Human Motion for Interactive Simulation
and Their Real-world Applications

Sensor-based human-activity-related applications have emerged into people's daily life and assist the
end-users with diverse functionalities. However, the traditional applications are limited by the costly real
data required, making the development time-consuming and laborious. Therefore, this thesis proposed a
method to collect the low-dimensional sensor data from 3D digital human motion and enable the
real-world application design to be low-cost and interactive. The thesis proposed to call the method of

collecting the low-dimensional sensor data a ‘virtual sensor’ and presented two main applications.

Section 1 introduced the background and motivation of the thesis. Section 2 introduced the literature
review of the corresponding work regarding sensor-based human-activity-related applications, 3D

motion reconstruction, synthetic sensor data generation, and digital human studies.

Section 3 described a Unity3D-based virtual sensor design process with 3D human motion. In this
section, the method of reconstructing the 3D motion in Unity3D and two types of sensors (i.e., IMU and
distance sensor) were presented. With popular game engines used, the way to obtain the simulated

sensor data would get more accessible.

Section 4 presented the work of combining the virtual sensor and optimization algorithm to design a
human recognition system (HAR). The virtual sensors were employed to generate the simulation signal
from various sensor positions as the training dataset for machine learning classifiers. The optimization
algorithm was investigated to realize a high-efficient position searching to output the best sensor
position with the highest accuracy of the built HAR system. Two swarm intelligent-based sensor position
algorithms and three case studies using virtual sensors and optimization to design a HAR system were

presented.

Section 5 showed a novel motion-learning system that combined the virtual avatar and auditory
feedback, named VoLearn. The 3D motion can be extracted from the traditional online 2D video
resources. With the designed interface, the 3D motion can be fine-tuned by amplitude, speed, and
combination of two separate motions. Through the virtual IMU detecting each body limb's rotation angle
and calculating the limb that needs to be corrected, the end-user wears a personal smartphone with a
developed mobile application to correct their movement using auditory feedback. VoLearn not only helps

to provide a wider motion registration via 2D video input but also completes a fine-tune modification
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function with interactive auditory feedback to assist various individuals in completing a customized
motion-learning task, as they can use the system to adjust the motion according to their physical

conditions.

Section 6 concluded the work of this thesis and presented the limitation of future work. The thesis
introduced a method to generate the low-dimensional sensor data from 3D digital human motion based
on a game engine. It may envision a more promising direction that more sensors can be simulated and

improve more real-world applications.
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FORSETI: A Provenance-aware Visual Analysis Environment
for Generation and Utilization of Autopsy Reports

In forensic autopsy, medical examiners (MEs) and diagnostic radiologists (DRs) cooperate with each
other to perform an autopsy of the corpse, and in this process, autopsy reports play a pivotal role. The
MEs and DRs cross-reference autopsy results in the form of autopsy reports, while judicial personnel
derive legal documents from final autopsy reports. Effective computational assistance tools are
imperative for facilitating the intricate collaborative work involved in the autopsy process. In prior
research, a browser with authoring tools using a language called legal medicine markup language
(LMML) was presented so that MEs can be assisted by the proposed prototype in effectively generating
physical autopsy (PA) reports. However, the research did not target virtual autopsy (VA) reports authored
by DRs, nor the collaborative work combining both PA and VA reports. This thesis, therefore, presents an
integrated visual analysis environment named FORSETI (forensic autopsy system for e-court
instruments) to support the generation and utilization of autopsy reports encompassing PA and VA. The
FORSETI system has been developed in a two-step manner.

The first step is the development of a core FORSETI that has two essential technical features. One is
designed on the basis of an extended version of LMML (x-LMML) for authoring reports on PA as well as
on VA. The other lies in autopsy juxtaposition, which seamlessly assists the MEs and DRs in referring to
the VA and PA works, respectively. The second is a provenance-aware FORSETI that is an extended
work that incorporates provenance infrastructure with authority management for forensic data
accountability into the core FORSETI, the technical essence of which is twofold. One is a novel
provenance management mechanism that combines the forensic autopsy workflow management
system and a version control system called 1mm1git for x-LMML files, which allows a large amount of
provenance information on e-autopsy reports and their documented autopsy processes to be optionally
parsed in a streamlined or an individual manner, as appropriate. The other is provenance-supported
immersive analytics, which is intended to ensure that the DRs’ and MEs’ autopsy provenances can be
viewed, listed, and analyzed so that a principal ME can author their own report through accountable
autopsy referencing in an augmented reality setting.

A set of fictitious cases with the Visible Female Dataset, a synthetically injured 3D human model, and
wound images were used to evaluate the effectiveness of the FORSETI system in terms of usability and

interaction through quantitative and qualitative evaluations with experts in legal medicine.
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