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Federated Learning for Driver Drowsiness Detection

Federated learning is often used in industrial cyber-physical systems (ICPSs) in which the datasets
belong to different entities that are unwilling to share their private data. Collaborative training solves the
problem of data isolation, but decentralized learning creates new issues, including efficiency reduction
and privacy leakage. In this thesis, some techniques are introduced to federated learning method to
solve these issues and applied to driver drowsiness detection as an example of its practical use. This
thesis proposed three FL-based methods, named PMFL, PFTL-DDD, and PMFTL-DDD, to meet the
requirements of the ICPs and the specific scenario of driver drowsiness detection, respectively. The
contributions of this thesis can be summarized as follow:

PMFL: We first introduce a privacy-preserving federated learning framework that is universally
applicable to ICPSs. The proposed PMFL method uses the momentum to speed up the convergence of
the FL system. Moreover, the privacy of the industrial agents is protected by adopting the CKKS-based
encryption protocol to the parameters exchanged between the cloud server and the industrial agents.
The experimental results on the common datasets MNIST and F-MNIST show that the PMFL method
improves the convergence rate while preserving the data resources of industrial agents. The
experimental results on the YAWDD dataset indicate that PMFL is capable for drowsiness detection
tasks, at the same time, improving the structure of the model has the potential to increase the accuracy.

PFTL-DDD: For the specific task of driver drowsiness detection, we introduce transfer learning and
CKKS-based privacy-preserving pro-tocol in the drowsiness detection FL system. The PFTL-DDD
transfers the knowledge learned from similar dataset so as to improve the classification performance of
the driver drowsiness detection task. Considering that the CKKS-based communication protocol has
better encryption speed, this encryption scheme is still used in the PFTL-DDD. The experimental results
on the driver drowsiness benchmark datasets show that the PFTL-DDD method exhibits outstanding
performance and saves considerable communication resources as compared to the conventional
drowsiness detection FL systems. Moreover, the analysis shows that the security framework of the
proposed method protects the privacy of edge nodes.

PMFTL-DDD: Inspired by the error analysis of PFTL-DDD, we use the features of continuous frames
in a video to predict driver drowsiness. The PMFTL-DDD adopts CKKS-based security framework,
transfer learning and momentum accelerating techniques for driver drowsiness detection. The
experimental results indicate that the performance of the model can be improved by using features from

successive frames in a video as a drowsiness prediction basis.




Federated learning (FL) is a distributed learning approach, which allows the distributed computing
nodes to collaboratively develop a global model while keeping their data locally. However, parameters
sharing in conventional FL systems may leak the private information of the industrial agents. In addition,
model performance improvement is a challenge of FL-based methods. In this thesis, a novel federated
learning method is proposed to solve these issues and applied to driver drowsiness detection as an
example of its practical use. The experimental results verify the effectiveness of the proposed method.

This thesis firstly proposes an accelerating privacy-preserving momentum FL method, named PMFL,
which introduces a fully homomorphic encryption scheme CKKS to general FL systems to preserve their
local private information. The performance of the PMFL is evaluated on two benchmark datasets, i.e.,
MNIST and Fashion-MNIST. Theoretical analysis and experimental results verify that the proposed
method can protect the private information of the industrial agents and speed up the training process
without extra communication costs compared to the existing momentum FL method.

This thesis secondly introduces transfer learning technique into the FL system based on the CKKS
security framework and applies it to the driver drowsiness detection task (named PFTL-DDD). We use
fine-tuning transfer learning on the initial model of the drowsiness detection FL system. Furthermore, a
CKKS-based privacy-preserving protocol is applied to preserve the drivers’ private data. The
experimental results show that the PFTL-DDD method is superior in terms of accuracy and efficiency
compared to the conventional FL-based method on the NTHU-DDD and the YAWDD dataset. The
theoretical analysis demonstrates that the PFTL-DDD can reduce the communication cost of the
system.

Finally, the CKKS-based security framework, momentum terms, and transfer learning technique are
adopted in a driver drowsiness detection federated learning method called PMFTL-DDD. The
PMFTL-DDD is evaluated on YAWDD by using the features of continuous frames in a video which is
much more in line with reality.

In the future, we aim to: (1) further improve the extensibility of the proposals according to similar tasks;
(2) explore concept drift detection and adaptation systems to mitigate the adverse effects of
heterogeneous data; (3) explore appropriate methods to implement video classification in federated

learning.
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FEOMRMERGHEEZHA LN LEERP RIS, 5 BT, mfE hRe v mu
MafxARIZ I 1T 2 A B RIRINICE T 2 FZBRICOW TR b D, T 2T, AV VR
WA DR AR AR E SR S 4, bR e DB IR D L 7 - KHEAREEIC L 5
A RIS Fim S LD . 55 6 3 Cl, Re/Co/Pt 5 IZI 1T 5 DML IZ DWW Ciam S 4,
Re/Co 36 KL O Co/Pt ST KT 5 BERZRAMAY DML OFBLA RSN D. & 7 H T,
Re/Co/Pt #EIZBIT A HREA L HE ML 7 IZHOWTIRRHL5. & HIZ Re/Ni &
B DB bV ICET 2 E RIS, BISNWER NV O/ E LR
KAFED S, WUETR LOWIE L7 OFENREND. F 8 ETIIANEDO L L0
EABDBENREINS.

PLE, AL, REACCHuEfEAERANSEE 2D A A « A8 U HFEA
EH - BIaHE V7 IZET 2 LWARZELL O THY, AV A—E hr=7/
2D, TZISHIZERT 260 THS.

L oC, AR oBEE I L (T OFLEZ T 2GR H L LD LRD 5.
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EERICBITDERE - A« #uBEAR— AR EERBE S L2 2T D5

%N Rk z i & 3 2 NRER — LRI E T D A B ARG O PR IC B
IREN 2 T2 L C & 7o, WBBEMHIRT O 2V AMRFREBL Th 2 BHE AR — /L RITE N
THNRMEREAE O EEMENWO TR I, S HICAE AR — ARV TH VKM
BRXEITHL Z EBPALNIR S TE T, BEAR—NAHREAE L F— R ITA
EUMOBRERE AREET D, SHICARER—AVHEO—2 L LT, #uEiiOE
A2 FTRE & 9 D W0E AR — VRO AR & BERIIIC TR S T & 7, A B Uik & B iR,
SRIGHEIR T ORL & O EAERIC LV ERSHE vy 2 EAH L, 2T K DkoE
K[WHEII A U EEHAEERZ L E LAY b= AR TH D, AL
ZTIE, @RRICBIT LR - AL - HUER—ARICEHTHZ & T, AB RS
BB L D ERBE L7 O ER LT,

AL 7TELOERIND, B 1T CTIEram e U ORIFREOFIET 5 L ArE-Si
[ZOWTIRR D, 5 2 ETIINERMEAR— VR L BIRHE b7 ICBET 2 8m AR~ 5,
55 3 T TIIARBIZE TR W TR 515 & VBRI IEIZ DWW TR~ %, 5 4 = CTlx, PtOJ/Co
RIS 2 B R — VI RICE T 2RI DWW T 5, B R — LV RO R ERRAF
PEE Co BERARTEMENN D, PtO/Co FIRIZI T DA MRS IZ & » TR AR — PR
MEERTDHZ L aRT, 85 ETIE, REFEWAE L ha=s AR ThHDH PHAERES
BHEIEICB T DA AR — AR L EBIHAE ML BT AR ONTRR D, A
WEIZRT DEIRAL bV 7 RIS R ORISR KT T2 2HLNICL, IR
MRECBIT DAL HBREAC LV KGICELVFHIND Z L 2RT, 66 ETIIful
RV RIZ X D BEIRFHE b7 ICBET AR EZRRD, AR — LR A BT
% Ti WX TERRERGBLE N7 BBNDEZ 2R L, ZOBERHE bL o Ok
PEVE AR K ORI D . ZORFEAHER—LVHARICE DD THLZ %
T, IHIZ, AR AR L EGER — VR DBHET D WIZEBW T, Btk A
By Wl MLV OV m A A — =28 LR A RS, BT ETIE, AEOR R
EABDBREERRD,
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EHEDEY

WEE T %% 5909 = K 4 NN
SNCRAMYE . T BEERR RSN it (T%) Lk Fith
RIES: ¥ = SN2 6 P A+ TTHE el
B E F5 BRI U B Ph. D. HA BT
B E F5 BRI U B it (T%) WHE

b (), B (%) REBEOFAFERRT ERRICBIT AR - AV
o HLER— VBN L BB VBT AR LEL, AT EIOERIND.

BRBEMERIZ IS 1T D B AR — VR OBEJR & L TE Y &SRR T 2 NEMEA
S A LOEEMENH LIS > T, WNIERMR— VR RICBE T DIF5EIE A B s
L ORICAERIRE 2RI L TE . I, BER—ARLAE S R—A R
IAEROERZAREE L, ZOAERNELNTERFHE bV 712 K BIED
BRMWEEIIBROAE Y ha =7 20 L >TnWa. £z, EFAE D
THDHAEPRICK L, EFOWEMAESEOMNL TH OB Z AT TSR L L
THER — VI EOIFEN I SN TE . KR TIE, @BRICBIT 2 RER—1L
NF » ARV BB — VR RICER L2 EBRICE Y, AV VICLSE
WABRL NV DA A = A LERAT 5 & &I, BuBEmSEAHTERBL Fv
7 =B LT,

AFmLOH 1 EIFmTH Y, RFROE R EME DT NBELND. 52 W T
WIEME AR — VR & BBkt b L7 ISR 2@ ~bnsd. & 3 ETIE, £
B L OMRNT FIESN R~ B, O ERGIE & BIihi L7 ORIEFIEN RS
%. 4 ETHE, Pt0,/Cofi&EIcB T 2 BE R —NENEmIND. BiFHR— LR
DIREERIENE & Co BREMRAFENED D, Pt0,/Co SN E KT % BF R — L B DOFLEN
IREND. FBLHETIHE, REMALY Y bu=J XAF T ThD Pt/MmBIESBEE BT
DAL MV DA A 1 = X LNCET D2 FE RPN 5. AHIEICEIT 5 &
R NV TR S R OBPUCTR HKAFT 5 Z L 2B 6T L, 2D Pt/sseE e
BREICBITAAE  FHiRE AL RINEBE LIEAIC I VFHHIND Z RS
5. 56 B CITHLER — VI RITEK T 2 EIRHE v 7 OB RET 2 TR R
SND. AV UHUEMAERANmRO THH<, AU R— VR EBEATEX 5 T1 BNEX
REWBIE MV BELRHTZENHLMNCEN, ZOERHEL SV T ORI
B BERLFENDS, ZOEWRSGE ML ORBENSEHER— VR TH D Z LIVRE
N5, &6, AV UVER—ABRLEHER—AZENHFHET D WIZBWT, ERGIE
A MV EBUE MV DU a ARG —R—EBH LT ERIORESND. BT ETIE
AWGEDOE LD EASBDORENRIND.

PLE, RimsCx, BE - Ay - S— A RICE DAL 0 - BEROARK &
Bt MU ZIWCBET 2L VWHREZ GO THY, A =7 ZOYHE, T
FICHICERT 525D THS.

XoT, KGXoEZFIIHEL (L) OFMNEZTHERNH LD LR 5.
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Cortico-cortical coupling of neural oscillations underlying human sensorimotor control

(b b ORRFEIEB I 4 5 2 2 KIMEE W OHRBEIRIHE )

b kN OIGEEN IR ORI N E REEIC L I ERE ST 5 2 L THEBT
%, FEERZRTEENO ) 20 9 F B A HE 13RI B B AR MERCR B (Sensorimotor
cortex, SM1) (Zi#2hh LT~ & BIFET 5, & OB MEHIENC B 59 2 Mkt o — D2l
TIMEER O TE BN 2 SIS 2 FERBHHI N 5 B 23, HIREREE T CORE S EE) 12 - ER ]
OFAAERBRFZERIC ED L 9 7285 2R3 23 60Tl 2,

SM1 W5 DR EIZREAT U7 fER) & UG & 41 2 SHAIME 13, & o0 BUEE 1 2 S 9~
DD T DREREIER Y XA LN EEND, i EEIHBNM FH A VT A7) & BH RN
% REHI L, S NASEB G 2 KR S IR SR 2 FE 5 2 & T, LBoESE)
AT T D EARE 22 AR D 23 78 9 IRF 22 [ B 70 B R BRI S W TR LT,

FmIITam ChdH, £T. b hOEBHIESCHES A2 RS 5 72 O OITEN R IR F ik
[ZHOWTHERR L7, RIS, BOTESHIENICBE 3 2 R EIZ DWW TR L, Zausn
RTIRIE MR BLUCOW T~ Tz, &RIC, BEAARR 22 MR OTEE) 25 7~ 4 ik 12 B3
THINETOHAIZOW TR L, ARF5ED By Z iR ~7,

5L, — A BEGEEN TR OBERIMEE S DN e EE T H L&
HEZ, &8 EEEINIE R 2 O CTREET RN 19 4 2 3t S EB RS O BN R 536 &
OEE M EX 2 5H U7z, EEYFEATHICEHA U 72 BRI T eh U T L 7o d o3 oy
AR D MATIC LV . EE O A BEOHEE ITITEE) F &oxHilEERkD SM1 28, ZTH
DOIEENONEOHEEIZIXZFEAIO SM1 BNENENERT A Z L E2 R L7z, & hO@EAL
I IS RHAREER SM1 ISk AET 2 S EFRER 2/ LB I I BRI CTh 5 Z &
B, I OFHEEIZ B 53 5 FER O MRS E I DS BHZ INE RIcRBLS N TWAH Z &
BN LT,

BT, RRES Y XL KM BRI DI E A B L TS Z L &
FRAES D 7201, WAABO M T8 & » 73R 2 ZAT T OFHB I & E B g O B>
WT, RN 62 4 & BT L7c, TEEBRAGET O BRI O BERERIRE & M 23 E B KL
R BT 5 2 & WRAE L 72w 2R, BB AART O TEE) U X A ONZAH R & B ALAR o
W F45 5 v 7RO RIS RIS 2 2 & 2807, WIRLFRTER) 3 ER ] o )
R OFHI LY BIEINBAANCER T 2720, R OM AR IMERNSEAIET, 1
(AR B D FFpe s R] 23 A U 72 SR R 2 >R 2

HUFEIL, Mim T D, AMFTROMRREMFL L, AR ORLELMEZ B ~TND,
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EHEDEY

WEE T %5910 & K 4 i 15 KBEA
MOURAMNE . FE BERRKTHE it (1) Al i —
RIES: ¥ = SN2 6 Tl G N

B E S AR R it (T e &

B2 BB A % et (%) -t (B e &

Tt (L) | B (0% SRERBEREOMEPAEERGwm L, [Cortico-cortical coupling
of neural oscillations underlying human sensorimotor control (t kB EE) HlfH 4 32 % 5 KK EE [
DOEFBARES) | CEL, 24ENOKD, b PO, HERE Z & ITo 0 T BB O TR AT
WELRIFLAE-> T, AR KERZ AR L TWD, UL, EEOMERSEARIZED XS
7 BAfRIEE S o THAIC/ER L, ZERO S (REE) 2 FF D1 TV 2 3R Z2 803 %, A ST,
RGPS 2 BB 7 25 I EHI L . #8781 L D0 JE, 15 5 M AR MR, 726
ONT SCAE B B 35 e ORI E 2 W T2 BB B 208 U T A4 D KN B2 E 1A 1 8k 3 i 8 B

(Sensorimotor Cortex, LAZSMC) H3EEREFNIZIHERE U CHIREENFEHR AL L T\ D Z & 2B 5
LTV,

%1 BT T, S ER O LRI BT D MR I O W T SV E TICAEBEIFEIC Lo TH
O SN TEIZHMANHEIN INTWD, 72, & NOHRERZ I 2 72D O EBR FIEIZ O
TN TND, R&&IZ, FHREAILMEERFHIED 1 > Th 5B M, BRI 722t
HEOFBAREER Z S L TNDH T EIZOWVWTERLRD S, AUFEDO BRIPBRXEN TV D,

%2 mTIE, 3TFEO—M LEGES) (FHao)mdh, i, L) 2257 L TV D ERE 2 BB
B % 2 G L A E RO 1 DO TH DT F LT+ LA b T Anzi M LT,
FATHOEH) Z A 7 % BN D> BIRIE LIZBFEIZ DWW TR R 51TV D, F8 B4 D oy g & i
BrL., Zef &EBh O RIEOHBNC X, EEIIC & U CRHl O KA H-ER SMC H SR D IMTEE) A3 K &
KEBRLTWe—J7, 3 HEOEE X A 72 54 2 720103, EEBUS K U TR O KBk
SMC HURDEEINLE TH L Z L aHLNILTVD, T7hbb, EHOHhZobD L &
B OFEIA 2 IR0 D MBI T /E A O FERIT /3 v Tordn L, £ 6 5ds U C—MH] R oEE) 2 ARk L
TWHZ EEZAHL TN,

%3 E I, WU 2 » B ZIVEZ AT O, BEEIMIE & EEh R 0O BEEIZ DU TR
L7eMFZEIZ DN TR BTV 5, FREBAARTIC /A AT DR SMC Hsk O B A9 IMTEENZBE L
THAABRIIME 2~ EARICAT o2 # v B OB TR & ORISR A BET Lo R, HiEE o
AAEFEHAIME S EVIZE & R0 & v o ZEB DI ARICER LT W2 &2 R L TnWD, A4
DRIEHER SMC (2B AT % B2 D HEEI D 1 DT 5, Al B B (SR AR Z e <RI E
CEVEBE G2 E ZA, BIROBRMITHA LT Z &b, MiEBIF /54D SMC IEB) D
NCARIFIIPEZFHET L. SMC ONARFEFEII 22 15 B AN e FHEB O RICHIRL TV D 2 L &
HAHEMNZLTWND,

B4 EIERTH D, AMRERIET 5 & &b, EREAZRIEEFHHI T H 5 IR K O FHHI
PRI, FEAR TERY 72 R IH 2508 SURITE O RIS D IR & &\ o T2 R TFE EOFREICfitin>>, 4
%O MBI FORELZIBRITND,

VA b RGeSO RIE, 24 MR O RSB B OIFE 2 IR LR b, B FOh A7
HFHREHEZ AR L TWD 2 EZ2ABERICL > THLMNILIEZ ETHY | H{REE) 2 3% D0k
A OPRE, 70 & NS EB) EE MR Y AN E Y T — a VORRICELT D L ZABRDRLRn,
FoT, KX oEF I L (BF) OFMNEZITL2ERPHL LD LR D,
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RIEENC & D E BRI 2RI SREIRRTHAL 15 DB 5&

T, FAET OB Tl (in vitro fertilization; IVF) (2L > Tk A,
UV, U AR EORc i FUER M ER S VRSN TR STV . IVF IR
ERIZEBWT, FRCRIEIRROSEE CIIH AT 2R A AT 5 Z L IFEELRFETH Y,
Z DIBRHFERE L IRE T D 72 DITBUEIIIREEE LB RBAREIC RS W TIROFHE 21T -
TW5. LrL, ZOFHIGEIC L D HAERITELS, ZOHEKE U TEMM TR
BREVIZTE D BAIVTFREEICE SW T+ 5 Z L BT 6T\ 5d. £ 2 TAMETIL,
ROTERERIFRHE & & |AVIZHRY,  HAERTES PRI I TRl 72 4548 2 W TR 2 FEih 9
HZET, BEFO T v—TF 4 V7 FEIRD S HAERENET H7-OOH 7272 IVF JED
Pl TFE OB AT o Tz

F1ETIE, #5& LT, IVF & IREEREN, % LT IVF IZxEd 2 76k OFEHn T4
[ZOWTHRIT LT, E£72, ARAFZEIZIWTHI%E L7c IVF ORI TFEIC 31T 2 AR
ELTEM LB SBIZOWTHIEL L, RO TAHFZED HBJIZ DWW TR~ 7z,

%2 BT, MOTBRERRIRHE Z E &I O 7o DITHFE LT FIEIZOW TR~ . B
FLIEFEICRY, A EFERREBETELENTHL 7TV A—T U TIZ
Ko TR e~ v 2 IVF MO E O ERR Z Kisit (87 AT —2ay)
T5Z LT, BAREICR T HMOTERERN RS Z E&MICEIGT 5 Z LR FlREL o7z,
ATFEER Wz~ XA IVF ROMaEEE 7 A 7 —v a URBER, BEFomBgte s 2 v
T—va rFEOKELY LY, EMHEICROBREIFFMEZ G TE5Z LE2RLT-.

%3 ETIE, 2 BTN FIEIC LY BS LIEROTBRBARE A RIIT—2 & LT
ATNZ W RD HAE RS FRITFIEDOBFIZ OV TR~ 2, KRFEICL D5~ X IVF IR
DA TR THIFEEE (83.87%) 725, BEAFDORINT — & HFHFIEO THIKEEE (74.19%) 72
F TR R OHFMFIC LD THIREE (64.87%) # K& EELZ L&2RLEZ. £z,
FRNZF G LI OTERERFHE 2 IR T D88 2 22895 2 L2 L 0, SERH-CHI
DB T 2R N~ 7 AMO AR RIC TG T 52 L2 LM L.

H 4 BT, AWFEICBWTHIE LIEORHIFEICOWTE LD, RFEICL D
ETROS BRDEER EICmT 2L, & L TARFEE RERESSEICB VLT IVE
JRDIRF| 21T 5 72D DO LWEEHAT & U CHENL T 572D DRBEIZ W T L7z,
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WEE T 265911 & K 4 Y N
MOURAMNE . FE BERRKTHE it (1) e
RIES: ¥ = SN2 6 Tl G N

B E S AR R i (B fils HEST

iR PN i it (25 e —5k

2t (L), Bt (1%) EABERERE OB RH I, TREFEIC L D ERNRIK
I ZIEEH TIEOBRS ) LB L 24 ENOERI N TV,

W FLEE BN D ARSI G -FEAE (in vitro fertilization - embryo transfer; IVF-ET) #7334 1.5
DAYEFTHRIE LTZZ LI, REGRICB T DA 5EMBIER, JPET, &1k, 7/
ARREFANT, T4 TN A A= T Bk e FBIIERH STV, IVFIZE D ERLL 7=
DB RHRIZEHE T 5 A i SERIIE, AT 2 AREMEO B WIRE SR § 25 Z LIXEE T
B, HERIIME R 170 EOBEME NI RERRFEIC IS W TR O BRI FEHE 2 IR TE « B LT
L. L, ZORMELIEC XD HAERIKLS, TOERITEENZRILECRBIICED b
RISV TEHMET 2 Z R o N 5. AR TIE, RO Z & &I H,
HA RSB TR W Cham 2515242 W TR ZFHME L, BEFD 7 v —TF 4 > FRIEIR D D8
7272 IVF JROFHI FIEDOBRE Z1T-> T\ 5.

1 ETH, #3 & LTIVE EIREEERN, & L CIVF IRCxd B HEk DRl Rz >\ T
WAL TWS., £, H253E, 653 Z BT IVE BOFGTEOBIICHE N LI- g 5381
DVWTHERL L, RWDTARGRLD BRJIZ DWW TIR RTINS,

%2 T, MOEIERFHS 2 & BEMICEST 5 72O ORI FE TEOBIC W CRER L
TWo., R LEFETIE, A EFEFRZBETEHHEINTHLITA TRAA A=V T
IZ &> T Sz~ 7 A IVF RO B SRR 2 KBt (87 AT —vay) 75
Z LT, BAEBRICBI DROEENE ML EEBMICEIGTE 5. AFEEZHWEZ~ T A IVF
O 7 AT — g UREEIXE T AT —2 9 VOFHMITERE T 5 IoU  (Intersection
over Union) T 0.746 Z K L, BEFOEBE /AT — a U RFIEOKETH S 1oU 0.558 %
LY, EfEICRORERRFE ARG TE 52 L 2R LTV,

FI3ETIE, 2 E TR TIEIC L VB LR RENI R Z, RIIT—% & LTAD
W IRD AT S FHITFEDOBIRICOWTIRRTWS. B L PHITFEICL S~ 7 X
IVF RO A TG EE X Accuracy 0.839 Z ik L, BEAF D RINT — # 5 FIEO TRIFEE Th
% Accuracy 0.742 7217 T <, MEEEROHMAEICL D5 THKE TH D Accuracy 0.649 % K&
< kB, £, PHNCHEL LIEROIERERRHE A IR T o2 32455 2 Lok, %
FRHOHERE 4 RIRF I 36 1T DB IZ IR 3~ U AD AR HIZFH ST 52 L2 LML T
VS

HAETIE, F2EROE I ETHIE L 2 DOERBFEFEIZOVWTE LD, AFREICK
HHAETHO X B AEE N _EIZmT 7257k, £ L TARTESL IVF-ET IZ8W T LW AR,
it U ChENLT D & & b IC AR EROE ERMICIE AT 2720 ORBREBIZ OV TiEim L T
W5,

VL EARGG ST 2 M OB E FIE BT 5 2 & T~ v A IVF RO HA /[ RS EE 2 Rl
M ETDZ LR LTEY, SBOEREWS, RETAHRICKWVICETDHLOTHS.

L oT, KinXoEFIIE L (L) O E2ZIT2ERNIHHL LD LD D.
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BT DET Y 7 LIERIEE T VT IIEIAENC & 5 SRR EHI BT D F5E

HEJEER T, CO2 PFHHEMIKOXIKE LTH VU = v OB EEMTOBIRIC
B0 kA TS, BB m EHifo—ols@iem Yo nd v, T4, I 575 %6ER E2 i
LB P DY AT ABNEHE L T D, TR, 77 F 2 o— 2 HH N Ligfs T v
TVUREAMNI TR Lo TG, L IAN, BUET Y UL v TR — R — R
FIHAERTH Y, NI A= 2R EOBERM O RNBMEL 2> T b, ZOBRBED LIS
D=, ETNAR—A MEOTZ U ~OEANLEENTND, KFHX T, @iz Yo%
L L, FHEALNM & HETEE & W23 5 IEIEE 7 L FRIGIE (NMPC) ORGHEZIRET 5,

H1ETIE, BT Y~ NMPC Ol OB 7e E OBFIEH Fa ik, AGRSCONLE
T ERERRZ IR RD, KXo BRYIL, H#H ECU (Engine Control Unit) DR & iL7-FH5HEE
EEBL, Witz P kT 5 NMPC O flHEME 2R 95 2 & Th b,

# 2 W T, RMXOHEMRETH LG Y OMEZ IR, H#EEREZ R, £72, A
AT DET Y 7 LRI BT DB AR OV TE LD 5,

# 3 FETIL, Wfa= YD NMPC IZHWAHlETRMET U > 7iEaRET 5, BEHEHT
VUV TS E S ERBIEREOEBEFICBIT DEEORGEN LI/ Z LoD, HilEfRmET
TEREE P OEWIERE N2 H T 5 2 &3R5 D, EHIZ, Hilf ECU ~DFEE 2 E[E T
L, HEBRET VITKHE A N THLZELEETH D, TO®H, HIEERTT VI,
mIERES), EREE, KR A NEEN T2 ERNETH DL, ZNHOBBEICR LT, FH—
JREET L & ERET N EZFAE L2 L—K v 7 AEF /1T Lasso A7 % L 72 BRI RE
2T NVERET D,

H4ETIE, Wi YUk d 5 NMPC BREHEZIRET 5. #2427 5 NMPC #&itiE T,
FIRIREDOERICIETH LY TIEIERT 5, N TR, FHRAMNDRWEIRISAE D EX
EHEE LTHBILTWD D, (RO TRIEE W5 &, HilRIEE B A4 F28L T & 227 Dl
KT CORBEMERPME T LT LE S, ZOREICHILT D720, HMGEMEZEBR TE L L9
IR L7 BRI 7R E WD AN TERRET 5, 618, BEELEM Lz NMPC %
Hiff ECU 2928 L, FEFERIC L W IRBIEOF IR T 5,

FHHETIE, EEONFEZE LD, RSO LS5 %OBEERT,
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WEEE 55912 & K 4 SU e i)
NCRAMYE . TH B JHE 35 B Tt BN fE—
RS B JE 35 B it (T%) T
B JE 35 B Tt K& VBT

B SN A UE B it (R TS R

bk (L), B (L) RS ERE OB Rm L, Nl Yo7 o7
& FERRIZE T LT RN X HHIERRFHIET 098] EE L5 Er oI Tn5,

HEEHA V) oo D OBEERE O OICEBE T o U BMER SN TWS, T, &
BB BGNRE EDOBERDIZD, WA DUV AT AANDT I F a2 —ZENEEINL, BiE
TV NIEMERE AN T AT Lo TWD, BIEO = Y VR Cld~ » THIE
= _R—=ZHIHN TR TH Y, BHER L AT DT LTI RN T A —F 87 © oA o
HRBMEE 72> T D, Ee, filfHl %3228 b3 572 9121E, B#{ Engine Control Unit (ECU)
ORONT-FERNZEETHMNELHDH, ZHOREOKILDT-8, KiHX T, w\iix
YUV ERGE L, WHNRERIEREEE LT T Y kL, HREAN & IEERE A L
TAHIERIEET L TFHIFEIE (Nonlinear Model Predictive Control: NMPC) DO ENHEZIEEL
TW5b,

B1ETIE, @B Y ~0 NMPC O OB 72 ¥ ORI B2 R, RGO E
T &M A R TW D,

W2 E T, AFHXOHENSTHLEHT YV OMELE RN, HIEEREZRLTWD,
Fo, BEEHZ DU DET U o7 iR EHIBET A BEFEMEIZOWTE L DTN D,

BIETIE, BT YT NMPC 23T 2 72O T IV T D HER R T T
Vo 7HEERRTWD, HEIEHT DU T, S F S ERBESMCEIRS BT 2EE
ERRAET 57201, EEE O Em W LRI 28 T AHIEFERIET L BREEN TN D, S BT,
Hi# ECU ~DFEEEZZET S &, HlIEERTETY 7000 EEOKKLEETH S,
ZO LI, HERMET VI, SPUEEET), ERE, KEHE X NEWN TS ENKET
boh, ZHHOBREICKH LT, H—FHET VL ERETAEME LIS LRy 7 AET
IZ Lasso (least absolute shrinkage and selection operator) [El)F % 1M L 7= IERRIEIR
REZE[HET LV DELHEZRE L TV 5D,

WAETIL, BT UCkT D NIPC I L A HIEZBRORENEA IR L TW5, BET 5
NMPCREEHE TIX, RSO ERILIETH DAY TIEICER LTS, N Tk, #HEARN
O IRNEIFISAED ERALTIE L LTHOLNTWAER, (RO TEAE WD &, HIKEE
FUE % FZEL T X 720 72 OHIK T EE TORIBEPERENME T LTz, Z OREICkHNT 5729, i
B2 FEB T2 LI B L8N TR E WA ANY THEEZRZEL TS, &5
2, $RFLEEZEA L7z N\PC 2 B BCU (235 L, EMERIC IV IRBIEOAIMEZ MR L
TW5b,

FBOSREIIARRLDOE LDHTH D,

UL BB 502, A TIIEBIEO@ET Y U oD aRtg e LT, W R SRR
EEE LIHIEEmET VU o Uik, FHEAMN & HEINERR A N3 5 IERRIEE T L T RIS
(N\MPC) DR FHEZRIRE L, FEMERIC L > TEOFEIMEZHR L TWD, ZOFFRIZERL
i Bk L7-wgechy, BEIEHZ o7 ) 7 LHIEICBIT 2 EBDA K TH 5,

LoT, Kt XDEH I L (T%) ORVE2ZTIERNH LD LRD D,
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B
Algebraic independence of the values of certain power series,

infinite products, and Lambert type series

(& 2 Tt MERAE, 7 b MR O E ORI AT )

R AL R D T ZE AR A ST R ST MEAT BAEL D BRI 3 1T D IE O REIMSIMETH 5.
PER X 0 TRVWMEE ORI T HLE OB OEREE T~ T b 72 2 HEIRES
DMCERIIIRST. & 70 DI BEE AR LT, 72, U E IK & LIRSS I [Rl)R 5k 5] %
T EHN ORISR F(x) WZOWEZFFOZ &2 HPUTREA L7, 7272 L, R OHEE
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A model of total quality management and student score analysis in school education

This dissertation explores the total quality management (TQM) implementation in school
education. Comparisons with existing quality models for education are carried out to develop a
TQM model based on Deming criteria. The concept of a customer-oriented which is congruent with
TQM is replaced by a society-oriented model for school objectives. Furthermore, analysis of student
performance, especially the student scores, is one of the important activities to improve the quality
of education. Detecting the abnormality in the daily operation of teaching and learning helps to
ensure process stabilization in education. Linear models are developed to detect unusual scores of
individual students for the daily assessments and semester examinations to enable immediate
remedies. This dissertation is organized into five chapters, in addition to References,
Acknowledgements, and Appendices.

Chapter 1 provides an introduction to the research describing the background, research
questions, and the outline of the research.

Chapter 2 is dedicated to answering research questions 1). It describes the development of a
TQM model for school education to realize school objectives and obtain organizational ability in the
present and attain sustainable excellence in the future. A qualitative research approach is utilized
for model validation through a case study.

Chapter 3 is aimed to answer research question 2), introducing research about the detection of
unusual scores in a daily assessment for individual students. The detection is described through a
linear model based on daily assessment data. A dataset from an international school is obtained to
validate the model.

Chapter 4 is aimed to answer research question 3) for unexpected condition detection. It
describes research about the detection of unexpected scores in an examination for individual
students. The detection is described through a linear model based on data of past scores, current
daily efforts, and current score trends. A different dataset from Chapter 3 is obtained from an
international school to validate the model.

Chapter 5 is a concluding remark to synergize what has been achieved in the above research as
a total.
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Educational institutions, including schools, prioritize educational quality to provide students with
the finest possible learning experiences. One of the useful tools to improve and enhance quality in
education is the implementation of total quality management (TQM). Frameworks for educational
systems have been established as part of continual improvement via quality standards and
frameworks to ensure that educational institutions perform their goals. In this research, a TQM
model based on Deming criteria for school education is developed to ensure organizational strength
in school management in the present and attaining sustainable excellence in the future. A
qualitative approach is carried out to validate the model at an international school in Japan.
Furthermore, as education is mainly about student learning, students are the center of education.
The development of student monitoring systems enables the observation of the growth of individual
students and learning progress on a longitudinal basis. The systems are designed to manage
various parameters to improve educational quality and encourage data-based decision-making
through the provision of data for goal setting. Owing to the progression of information technology
systems, not only semester examination data, but also daily assessment data are becoming
available in the school’s centralized monitoring system. Therefore, it is made possible to utilize such
data for immediate remedies and hints of a good practice in the same academic year based on
student ability, subjects, and various assessments. In this research, two methods are developed for
the detection of unusual scores for individual students according to the type of data and purpose of
detection; 1) analysis based on daily assessment data through a linear ANOVA model to detect
unusual scores in a daily assessment, and 2) analysis based on past scores, current daily efforts,
and current score trends by a combination of ANOVA, principal component analysis, and multiple
regression analysis to detect unexpected score in an examination. The unusual or unexpected
score is detected simultaneously for different subjects for individual students. Dataset is obtained

from an international school in Japan for model validation.
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Mechanistic Insight into Electrochemical CO> Reduction on Boron-doped Diamond Cathode

Boron-doped diamond (BDD) electrodes possess the advantages of low raw-material cost,
non-toxic, long-term stability and strong corrosion resistance. These features are highly competitive
especially when compared with conventional metal electrodes. Additionally, in electrochemical
CO; reduction reaction (eCO2RR), over 90% Faradaic efficiency have been achieved by
BDD-based electrolyzer. However, the mechanistic details of the BDD-based eCO2RR are still not
clear enough. Here, the energy conversion efficiency (chapter 2), reaction pathways (chapter 3) and
the possible catalytic sites (chapter 4) were investigated for the BDD-based eCO2RR. It is hoped
that these researches will enrich the understanding of the eCO2RR process on BDD electrodes.

Chapter 1 describes the purpose and background of this research.

Chapter 2 describes the fabrication of a CO» electrolyzer in order to investigate the
electrical-to-chemical energy (ECE) conversion efficiency obtained when using BDD as the
cathode. The ECE conversion efficiency was investigated at various bias voltages, and it reached
43% at a cell voltage of 3 V for the single product of formic acid. If the secondary products,
hydrogen and carbon monoxide, are also considered, the total ECE conversion efficiency was as
much as 45%.

Chapter 3 describes the significant improvement of both the reaction current and Faraday
efficiency of the eCO2RR on BDD electrodes by means of an initial eCO2RR. Here, this effect is
referred to as the self-activation of BDD. Generally, the generation of carbon dioxide radical anions
(CO,*") is the most recognized pathway leading to the formation of hydrocarbons and oxygenated
products. However, the self-activation process enabled the eCO2RR to take place at a low potential,
i.e., a low energy, where CO>* is hardly produced. In this work, unidentate carbonate and
carboxylic groups were identified as intermediates during self-activation. Increasing the amount of
these intermediates via the self-activation process enhances the performance of eCO2RR.

Chapter 4 describes the investigation of the possible source of the catalytic site for CO
production in the BDD-based eCO2RR. Undercoordinated site and oxidized metals are generally
considered as the most likely sources of catalytic sites in eCO2RR. However, in the BDD-based
CO> electrolyzer, when the surface of BDD electrodes is in a stable reduction state, the catalytic
activity of eCO2RR for CO production is the best. The Faradaic efficiency for CO production was
increased up to 64%, and the corresponding production rate reached 23 umol cm™ h'!, which was
more than three times than the standard reduction set as comparison.

Chapter 5 summarizes the results of this thesis and presents conclusions with future works.
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Optimal Product Platform Configuration Decision in Mass Customization

Platform-based product development (PPD) is a cost-efficient approach to achieve mass
customization. Through PPD, manufacturers can develop various products to meet diverse customer
preferences and requirements while maintaining production efficiency without compromising cost,
quality, and delivery. One important problem in PPD is product platform configuration (PPC), which aims
to identify and configure modules, components, or design variables on the product platform that can be
shared across a product family. Two pertinent problems are: (1) how many and which type of product
platform should be developed for a product family; (2) which product platform will be assigned to develop
the product. The PPC decisions are endogenously linked to supply chain-related activities and will affect
all the stages and sectors throughout the supply chain. Studying PPC problem from a supply chain
management perspective is significant for manufacturers implementing the PPD approach. In this study,
a modular platform configuration model is targeted, and various optimization methods are applied to
determine the optimal platform configuration decision. More specifically, the following aspects will be
targeted in this study.

In chapter 3, we study a modular platform configuration model. Modular design is recognized as the
most important underlying architecture to support the product family design and product platform design.
Two types of modular design approaches can be found, i.e., module selection and module integration.
The platform configuration based on more module selections provides a broader solution space of
possible platform configurations to meet the customer requirements exactly. However, it will increase the
complexity of production process due to the proliferation of module types and part numbers. Module
integration in the platform configuration facilitates the platform commonality to gain economic benefits.
Traditional platform research focuses more on platform configuration based on module selection without
considering the module integration simultaneously. A new model is developed to determine the optimal
platform configuration for a product family while considering both module selection and integration. A
hybrid-search method (HSM) combining simulated annealing (SA) and variable neighbourhood search
(VNS) is developed to solve the proposed model.

In chapter 4, we examine the optimal platform configuration decision considering platform design
strategy and supplier selection. Different types of platform design strategies can be found to satisfy
product requirements, i.e., matching-designed, over-designed, under-designed, and hybrid-designed
platforms. The matching-designed platform has a higher platform development cost and a lower
customization cost while the over-designed or under-designed platform contributes different
performances in these two types of costs. Traditional research balances the cost trade-off within the

design domain, and few studies include the relative procurement cost from suppliers. Involving the
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supplier selection problem at the earliest design stage has proven beneficial to companies. However,
little attention has been paid to integrating supplier selection into the PPC problem. In this chapter, we
propose a non-linear mixed-integer programming model to determine the optimal platform configuration
decision while considering platform design strategy and supplier selection. A cost model including
development cost, sourcing cost and customization cost is developed to illustrate the cost trade-off
between platform development and customization. A solution method applying the linearization method
with Gurobi solver is proposed to solve this model.

In chapter 5, we study the platform configuration problem considering demand uncertainty. Demand
uncertainty is a huge challenge for supply chain management and product platform configuration.
Generally, the development of product platform is ahead of new product introduction (NPI), which makes
it difficult to forecast demand. Most existing research on platform configuration assumes that the
demand is deterministic so that the problem can be easily dealt with. However, when considering the
uncertain demand, the platform configuration decision may be changed, and the optimization problem
will become more complex. How to determine the optimal PPC decision under demand uncertainty is
highly important for manufacturers to develop product platform. This research gap will be filled in chapter
5. The platform configuration problem under demand uncertainty is formulated as a two-stage stochastic
programming model, including the platform configuration stage and platform customization stage. A cost
model including the development cost of platform, production cost and material cost for two stages,
customization cost, and penalty cost of excessive platforms is developed. A linear programming
embedded genetic algorithm is developed to solve the proposed model. The proposed algorithm
searches the binary variables for platform configuration by using GA and determines the integer
variables by solving a linear programming subproblem using Gurobi solver. Numerical experiments are

conducted to illustrate the proposed model and algorithm.

Keywords: platform-based product development, product platform configuration, supply chain cost
model, mass customization, modular design, platform commonality, demand uncertainty, stochastic

programming
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A Study on Intelligent Inter-User Distance Estimation and Antenna Beamforming
for HAPS in mmWave mMIMO Communication Systems

The objective of this research is to develop advanced Deep Learning (DL) and Deep Reinforcement
Learning (DRL) approaches for improving the accuracy of Inter-User Distance (IUD) estimation and
reducing the number of low-throughput users caused by the High Altitude Platform Station (HAPS)
movement. To this end, this dissertation first investigates the DL-based approach for solving the IUD
estimation problem. Next, this dissertation implements several computational intelligent algorithms and
proposes two novel DRL-based approaches for reducing the number of low-throughput users in the
HAPS communication system. In addition, considering location information can effectively assist in
providing high throughput, we propose a K-Means clustering-based method and a novel Equal
Clustering (EC)-aided Deep Q-Network (DQN) to reduce the number of low-throughput users.

In Chapter 1, we introduce the background of MillimeterWave (mmWave) massive Multiple-Input
Multiple-Output (mMIMO) communication systems. We discuss two challenge topics: localization and
HAPS. In Sec. 1.2 we present several existing works dealing with IUD estimation, an application of
localization. In Sec. 1.3, we focus on dynamic antenna control in the HAPS communication system for
improving the throughput of users. The relevant works will be presented as well. This chapter also

summarizes the scope and contribution of this dissertation.

Chapter 2 tackles a challenging localization task that is very important to enhance the quality of
communication and communication services. We use DL and propose a novel fingerprint to address
this problem. This novel fingerprint is easily obtained by beam sweeping and includes rich angular
information of both two users. Nonetheless, we investigate the possibility of using a super-resolution
network to reduce the involved beam sweeping overhead. We evaluate the proposed DNN-based IUD
estimation method by using original beam images of resolution 4 x 4, 8 x 8, and 16 x 16. Simulation
results show that our method can achieve an average distance estimation error equal to 0.13 m for a
coverage area of 60 x 30 m2. Moreover, our method outperforms the state-of-the-art IUD estimation

methods that rely on each user’s location information.
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Chapters 3 and 4 are focuses on the same task: antenna beamforming in the HAPS communication
system to reduce the number of low-throughput users. In Chapter 3, we first present the antenna
beamforming problem as a Markov Decision Process (MDP) problem. To tackle this MDP problem, we
use three conventional RL-based approaches. Besides, we use an Evolutionary Algorithm named
Particle Swarm Optimization (PSO) to find the optimal antenna parameters for reducing the number of
low-throughput users. However, due to the huge search space and different user distribution scenarios,
these approaches are difficult to obtain the optimal solutions. Motivated by this, we develop two novel
DRL-based methods: Mean Field DQN (MFDQN) and DRL Evolutionary Algorithm (DRLEA) to search
for the optimal solution as much as possible in the limited number of training. We do the simulation
under four different user distribution scenarios and consider both HAPS rotation and HAPS shift cases.
The simulation results show that the proposed MFDQN and DRLEA have better Cumulative Distribution
Function (CDF) of users’ throughput than that of conventional RL-based approaches and PSO
algorithm under all the user distribution scenarios in HAPS rotation case. In the HAPS shift case, the
proposed methods without retraining achieve a CDF of throughput performance comparable to that of
the conventional methods. Besides, we compare the convergence between MFDQN and the
conventional RL-based methods. The MFDQN shows that it reduces the complexity of the interactions

among agents and converges faster than the conventional RL-based methods.

In Chapter 4 we study user location information for assisting in tackling the antenna beamforming
problem. Our idea is to first cluster users into several high-density clusters according to the number of
antenna arrays. Next, we design antenna parameters based on the geometric model to control beams
toward the center of each cluster and cover each cluster separately.

We use a classical K-Means clustering method and design an interesting EC method for clustering
users. Moreover, to get a better throughput performance, we use DQN to fine-tune antenna parameters
after designing the antenna parameters according to the clustering result of using EC. Under the same
simulation settings in Chapter 3, the simulation results show that K-Means, EC, and EC-aided DQN are
effective in improving the CDF performance of throughput over the RL-based approach in HAPS with
both rotation and shift scenarios. Besides, we evaluate the clustering-based methods in a user
movement scenario, we show that the clustering-based approaches can still maintain a high CDF of

throughput performance, while the RL-based approach cannot.

Chapter 5 summarizes the thesis, highlighting its key points and contributions therein, and
suggesting possible applications of DL and DRL in more complex localization and HAPS scenarios, to

revisit the topic of DL and DRL techniques for localization and antenna control in the future.

With the rapid increase of high-quality communication services for a large number of users, deep
learning (DL) and deep reinforcement learning (DRL) have been investigated in Millimeter Wave
(mmWave) massive Multiple-Input Multiple-Output (MMIMO) communication systems in order to meet
the needs of a large number of users. In this dissertation, two challenge topics in fifth-generation (5G)

networks are considered: localization and antenna beamforming.
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In the first topic, we propose a Deep Neural Network (DNN)-based approach as well as the Super
Resolution (SR) techniques to solve the challenging Inter-User Distance (IUD) estimation problem, as
the location information of user devices (UEs) plays an increasingly important role in the 5G, 5G and
beyond (B5G), and 6G mobile networks. The simulation results show that our method outperforms the

state-of-the-art IUD estimation methods that rely on each user’s location information.

In the second topic, we discuss the antenna beamforming in the High Altitude Platform Station
(HAPS) communication system to reduce the number of low-throughput users whose throughput

decreases due to HAPS movement and rotation.

We consider both non-user location information-assisted and user location information-assisted
antenna control methods. We first implement four traditional Computational Intelligence (Cl) algorithms
including an evolutionary algorithm and three Reinforcement Learning (RL) approaches for addressing
antenna beamforing problem in the HAPS system: Particle Swarm Optimization (PSO), Q-learning,
fuzzy Q-learning, and deep Q-learning (DQN), respectively. Then, we propose two novel DRL-based
methods: Mean-Field DQN (MFDQN) and DRL Evolutionary Algorithm (DRLEA).

MFDQN transforms the multiple antenna arrays beamforming problem into a Mean Field Equilibrium
(MFE) problem to find solutions that optimize the throughput of all the antenna arrays’ coverage.
It uses multiple DQN agents to control each antenna array in a HAPS separately instead of using only a
single DQN agent to control multiple antenna arrays to reduce the action search space for each DQN

agent.

DRLEA is motivated by an evolutionary algorithm (EA) to overcome the suboptimal solution problem
in reinforcement learning when the search space is huge. Simulation results show that both of
proposed two DRL-based methods can achieve better Cumulative Distribution Function (CDF) of users’
throughput performance than that of the conventional methods in the HAPS rotation cases. In the
HAPS shift case, the proposed methods without retraining achieve a CDF of throughput performance

comparable to that of the conventional methods.

In addition, we consider using user location information to assist in solving the antenna beamforming
problem in HAPS. Based on the number of antenna arrays, we first cluster the users into several
clusters with high density, and then we can design the antenna parameters according to the geometric
model to make the main lobe towards the center of each cluster to improve the user throughput. In
addition to using the classical K-Means clustering method, we also propose a novel Equal Clustering
(EC) algorithm. Moreover, to obtain better throughput performance, after EC, we use DQN to fine-tune
the antenna parameters to improve the throughput of users. The simulation results show that K-Means,
EC and EC-aided DQN are effective in improving the CDF performance of throughput over the
RL-based approach in HAPS with both rotation and shift scenarios.
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A ADTDDF TS ZFFRRFERIMTFRE) | LEL, 8 ENLR I TVD,

BHREEHITCE YV THIRORBIZE > T, ORI Ok 2 72T NA ARRy hT—7
[CEERD X9 o TS, 2D XD Ry VT A ZTIT 9 @ ERFIHAERIT, IT4, —
vV AL EFHER, BEAICHIES LTV D, kAR o ¥ ALIIHERRLERICRME L. T —
2 DOWESCFHFEIZET 5 a2 A RBREIWVFEE WIS — N ETITH 2 EnEZ0n, — 5T, Ki
XTHEHTy Y ALICBIT D HABOREZICER L, 5HRY Y —ARfIREN vy 73
AET=a—I Ry U =7 OFEETIEMERR L, KX TIXIhae A7 /34 A
FHEPEMER L, FL LTy PFT S AT ORFERM S Z 7 IS Ui, Rim3L TRl
TWDF T AL ZFEEINT, RO =2 —F 02y NI =7 OBRFET LTI XL
AT U B R R, MER SEEE S HAS DR O TH D, o, KL TixA 7
A AFEOHE A N INZ D Z £ L - T, /A FPGA  (Field-Programmable Gate
Array) ZXRRICA T ANA ZFET L) ALEHARIKEY 22—/ LTHEEALTWS,
F TN REEBMOPEER E LT, T — & OZMEMEA~O XA E /IR IR A E LTe T
— 27—y bOREIELHIT> TN D, I DHIZ, F T3 AT % Raspberry Pi Pico
EMHEND Y IR — Rar Ba—2 THRS D BERE %/ — FISH L, RERm A
AT Ze SERATIERELNT & BB U A 0T 8 A BB OB A BRFEL TV 5, Aam T b
RONEBEEE LD TH L,

BARMIZIZ 1 BT, £7, KRLOTERXOKRGRLOMERZ B TND, 2 ETIEA T
A ZAFEOFHEHME LT, =2—F VX y NI —7 OBRFET VT Y X LA LR E
MENTFIEEZRN LTZ9 2T, T3 A58 713 XA ONLAD (ON-device Learning
semi-supervised Anomaly Detection) Z$EZR L CW\5, —REE==2—F Ly NU—2 72
EPERFIELHAE X FOEFRIBEO R Tl L, & ICANT —ZDOHEHANENT 5 &
I IIRBUT B WTENMER H D Z L AR L T D, 3 ETIET — X OZIEMICHH LT 572D
(Z ONLAD (T J 2 B fudnae & A W e FHEZIRE L TV %, 4 BT/ FPGA %%t
ZZ ONLAD 7L 3 ) A L& HFARIKEY = —/ (ONLAD =7) & LCHE¥EL, ONLAD 7
NAY ZNGFA= R =7 BN TND Z & ZEFEL TV, 5 ETIL ONLAD =17 D72
DEFED T DI, BRI CTHEH L TV D EE/NMUR 7 +—~ > OB FELRREL
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WISH L. EBEOT 7V r— g & LTHEEEEORERINIISM LT o, =y VT
BS 52 LI EBBEDRVT—OHE IOV THHRL TS, TETIET v Y AL
B4 2 B e A A< HE L, =y ¥ ALICBAT MRS BHICBIT 24 T A ZRFEE DL
B Z FER L T\ D, 8 ETIIAGM L CRE LI AMERHINE ZOFEMIZOWTE LD T
Wa,

Db, BT 5L BREOHLGmUL, FHE Y Y —ADR LN v VT /8, AZEBNT,
JAFOBREZ LIS U Ty PAITHEET 59 XA TEHEL R DLW O0OMEZ L L, D
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Tracking and Fast Handover Mechanisms Using Station Identification
for Ground-to-Train Free-Space Optical Communication

(Htr AT B R 22 DGR (S 3 1 2 3RE R 2 W 2B R & sl R A — SR )

W, EEVIEOHENTA 4 —xy NEFIHTHIEEREE > TWD. FIEN TR ERER S
DENA JVHERDPFIH FTEEZ DY, EdAE T WirFi BEICL DA ¥ —F vy b~DT r— KR
RiBfEERR 2 RFICIRMT 2 Z ENEE L. W [EE7—7 0, Wi-Fi, WIMAX, LTER 7 &
BEfF O ERNERLEE EIr D A v—"7"> F 23+ Mbps ThHLDIZKI L, mEFIE~OFER AL —
7y ME 2030 F121E 11~35Gbps IZET 5 E 5O TW 5. BEhE L o@EI2I VK EZFIHT 20
ZEThH, BURTIIANL—T"> F23 10Gbps LA FTH D

ZOX I EANL—T"y O EFIHEREE OERIZISZ A2, BHZEMIGBEEEN S ER S
TW5. i EFIERDEEE TIE, FIEICEE I N =B RITEENIRICRE SN EREBRE L
DOHWEZITY, BEIRARICT oM ERZTI0IEZ (O RAE—N) BRBHEZELE D, BEfF
iff5t & LT LaserTrainComm2012 (LTC12) EFEHIND T AT ABREINTNS. LTC12 Tl
t—ar I 7= Faz—F 2O CTHEEHRFLZERT 5. FE 60km TL2 N> RA— 13—
EEIEK 408 TH - 7.

R XOELREEIT 4 >THD. 1 2HIT LaserTrainComm2014 (LTC14) LI ALE S
T2V AT MBI BEFHOEMETH S, LTC14 TIEH A 7 Ol RIC L 52 HBRE & QPD

(Quadrant Photo Diode) (Z L AMhBRZMAGHOEDLZ L TRENOEEER N vX v 7 &
BT 5. ZOREE, Wl 60km TO L2 /N> RA— N—IFI3H 21ms & 72 >7=. LA L LTC14 1%
RT—T I Faxz—2OT T a N LARLER N T vx T, R T —OEMEIC L D4 —
—a— b, R EICHBIN TE AW FORBENH -T2, & 2T 100Mbps Oif(E MEE 2 5
L 7= LaserTrainComm2022 (LTC22) WO H LW AT AT L. 2 2HOEBIZI 7—7T
JFax—RETOHNHET D ETBRBEE NV RAE—R"—E L m EXE=2tThHhDH. 3
DHOBEBIIRMI 7—Z2XEHEZEHO/NIZ—IZhT 22 & Ty RAE—/N—EZ O
BB EZ LIS THD. HEDOEKLE LT 2PPM (Pulse position modulation) (2 ¥ %
& ID Z B —a L I B LS 255 LT 5. JRAREF & R B O i 2 RIS T& 55
a7 NVIR— NI AT ERHWTHIBR EMERAZITo 7. B —a RO RITAHE B T — a2
DIRE %, PelBrmiff C¥E ID 2R TE 5 Lo ICHlifianTngd

HlHT A Fa—AT L2 > RA—R_—Ff] & KA —R—FFD TCP Av—7 v FEHIE L
2. BEIEE LCTLTC22 % 1 BHICHH L, 250 LTC 2 E/F L LT 30m M 728K FICRE
L7-. Bp#E 40km THEITLZHES, L2 Ny RA— R—BEfI35 1ms 72 -72. TCP A/L—7 v ~&
NV RA— /SRt TH 94Mbps, /N> RA—/N—FED I T5~T7TMbps (2K T L7z, it OfE R, K
i 300km <X° 500km OEETHIBR LNV RA—NR—=NAEETH D Z LIVREINTZ. Ny RA—N
—IRFRITEEEE DO A L—T y MBI NN\, BfF#E O 2 L—7"> 5 10Gbps LA ETH
S>TH L2y FA——FFIE 1ms TH 5.
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Bt (L) HEHERIEOPALEE R [Tracking and Fast Handover Mechanisms Using
Station Identification for Ground-to-Train Free-Space Optical Communication (i %1/ Hf# F H 22 ]
BRI T DAEEA A WIS BR L @ RA—NFE) | L LA 6 mEo bR S
5.

AR, SEFIENTOA & —F > MIH~OELENEE > T\ 5. FIEN TR ERRS
72 ENFIHATRETE A, EESEANICERE L7z Wi-Fi BEIC L DA v —Fy h~D T a— R
Ny RBEERZICERMTZ Z ENEE LV, JREFEE7— 70, Wi-Fi, WIMAX, LTE-R
@&%ﬁwﬁiﬂﬁﬁﬁh&mwxw~7/bﬂﬁ+M@yﬁ%é@ ZxFL, B 1wk
BT IR A)L—T > FIE 2030 A1 11~35 Gbps 12T 5 SIS NS, BEIKE O
HEIC )&%ﬂ%?éﬁnf%,ﬁ%fixw—7/%ﬂunmmqu%é k)
@sz~f/b®ﬁtﬂ$ﬁ@ﬁ@%ﬁ Wz BT, HHZERGEEEMAER ST
W5 L ESERDEEIE TIX, AL %&§&2§%17;$§§%F%é:#%&ﬁfau\ TRRE S BRI A
WABRE LR LIEEL, JIHEOETICRYBHNRITBEEMF L Lo EREt &z 5

(N RA—R) ZERTREND.

F1REIARLOFETHY, AEOHF R, HIY, BERRIZOWTEEDTNS.

92 TIT H B ZEMDEERIE o BEATIE & Y ERDGEE > AT AOBEFFETH D
LaserTrainComm2012 (LTCI2)Z DWW TE O TS, LTCR I —=2 eI T7—7 7 F =
T EHAWCEEMTEZIERT . FH#E 60 km T Layer-2 /N> KA — SB35 40 ms Th
277,

%3%@Umﬁ@&mmmemMWD%?A%%LODTﬁ&Twé.H@4ﬁﬁf
7 OEEEEHRIZ X 2 HLBE & QPD (Quadrant Photo Diode)(Z & 2 4EH1B 2 TR D@ kg 72 b
7/%/7%%ﬁ¢6 ZDOFER, BHH 60 km TO/NY RA— S—EEIEH 21 ms & 725
7. LWLLICI4IZI T7—T / Faxz—2O7 FuH L5 R EZER N T vX 7, K
W T —DEMIZ LD RE— RO A — " 2 — b, MR T & OGN TE /v L

n% HN - 7.

5 4 3T 100 Mbps D i@(E 4 2 #4#, L 7~ LaserTrainComm2022 (LTC22)D ¥ AT LBHFEIZD
WTIRRTWD., LTC22 T T7—T 7 Fax—X 2T VX VHIET 5 2 L TBERBE &
v RA—NEHEE R LS, EEREI T — %%h%kxmﬁmmﬂ‘“ \ZoHET 5 2
kayFﬁ~Nﬁ&®@%%E%ﬂﬁméﬁt.%%%%ﬁ%#ét Z 2PPM (Pulse Po-
sition Modulation)(Z & 0 #E{& ID &2 B —a U ISk LTz, IS & 59%@%7’@@@5’ [RIFRFIC
B CELT 2T VA= ATV CHBRE EHBRZTo7. HEEHAT A ha—XT
HH R % 30 m [HIBR CRXiE L, Layer-2 /~2 KA — 3Wffi] &/~ KA —/3FD TCP A/L—"7 v
~aRE L. ﬁﬁmmmf%ﬁbtﬁm,ﬂ/bﬁ—ﬂﬁ%;ﬁnmtot TCP A /L—
7 MEI N RA— 3[4 THI 94 Mbps, 2~ KA — EED Zx 75~77 Mbps (24K T L 7-.

55 BT 10 Gbps OBE{EHEE A B L, JEMIS % 300 m IR TRk 4 2 Ai$E T LTC22
DEBRDOFHEEREE ~DFEIEIZ OV THRFT L TWD. N R — RfRIEFEREE & Aih L DE
BRCIZIZTEDLRNI EER LTINS, oy RA— SFIEEE ID OEFHICE S 2 1R,
i@%@%tﬁéﬁx‘J TE—H A —DOHE 500kmh ThHo THEEUIMAHELRND
LR LTS,

%6 BIIATRLOFMmTH Y, fXaifid oL & bl RAIEH H HZ2EMEEE S 2T
L DOMFEHEA L ARG TOEBRIZ OV TIRRTND,

Lk, AFmsCi EFIERDEEE AT LA DO & BA CTOEFHIZE LT LTC22 W& E L
B, @AY RA—, @EEEOMNFETHLZ LW LT L. DL EOER
FTHERGTDEZANDRLIBN. KoT, KigXoEH IR+t (T5%) Oz

LEENPDHDL LD ERDD.
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Reconfigurable hardware slice network architecture
for service transport and data center network
(P—EARARNT U AR— I Ry NT—=T T =X —Fy NT—7 2T 7=
R ATREN— R =T AT A ARy N =TT —%7 7 F %)

Beyond 5G FHXTII4A £ TLLEICEZHEAR Y —E AN, ZTNENOEMIL UM EDO R v b
U — 7 BERTDHZEPBEESND IERITZ Yy VN —F =D~ N =T 2SR T D 2 &
T, R —EZXEWNE L TW e, L L, FEEERORALT —EAEHOR Yy hT—7
TR LTS EICBW IR A "RMEE o7,

T, BAITFERTREN— R =72 Ry NU—2Z X0 L, Xy hT—7 AT A4
A %554 % VPON (Virtual Packet Optical Node) D FEHL A Hfg L T\ 5, VPON [TV V—=A
Tl LTREFL T A= R =7 &9 — BRI D 4T, BIRIE T R T =7 OfE
EHEST 5, F0D, N— R = T — BRI CL B e D AT A7, U ) — A RS L
<FIHTE, &6, F—0YExry hU—7 ECo— R =720 DS isiir v N U—7 %1%
FeI B2, A FOBELARLTX 5,

VPON SEBUZ AT 7= F/eifidE & U TR THE N N— R =T AT A AT D720 DT —X%7 7 F v
DR BH D, P—E R LTz ~— R = T &R D 7-DI2iE, YEONE « ~— Ko = THRE -
Rt OV — R LEREA AT DN D D, F ARSI TIL, VPON ITIHRA LI 7y M2, i
OAFBIRTREZ R T R L A &k L7~ SRv6 (Segment Routing IPv6) -~ ¥ Zf15.L, v hU—27NTH
— BRI E R E BRI 2 AT 5, IS, B REROR y N2 RBEITR T
TYUTNHEA NIEEE TS B 7= DIAEAHIET L2 R A AN CHER i A S 2 AT
BEEEN UT-EHE TR T 5,

F72. HRHERATREN— R =27 A7 A4 ADiEIZ DCN (Data Center Network)(Z & #if% &1
%, F 41X OCS (Optical Circuit Switching) A 7 A A, OSS (Optical Slot Switching) 2 7 1 A
EPS (Electrical Packet Switching) A 7 A A& S 54 ES) DON 2L L T\5, 0SS
ROCSIIAA vF U THEBENN T v 7 BIKFELRWED, WA BNDREZEDL -0
217 v —H o XGRS UGl 2 T A ZAZNET D205 5, /R0 7 a0 — 5 TiE
TIIAFEDORMH IZEDEC T a—HE2HfET L. T by ZRERE(L LIZEAIZ, @Y
IRATA ANUETERNT 2= 8T 2N FE LTz, £ 2 C, KX TlEmWEE %)
BEMET 27010, 7a—23EEA NIty 7 OBIRREUE U TS 2 FIEA IR T 5,

A LTI T O L ) IS5, % 1 2 Tld Beyond 5G B DO — & R |72 3 5 |
Kiw XD B Z WM T D, $2ETIXVPON Ozt 7 &k~ BEEFEEZRNT5, §
SETIXHMRAIEEN— R 2T AT, REMEST L7 —F7 7 F v L ERFEFILEORE L
179, METIEIZLD 1000 L EOAT A ZEZ Y T NVE A ATFTHERIRECHDH Z L H T I 2 b—
vary TRy, BIZ, BET XTIV FXIESTVPON 'u NF A U RT LEREEL, &
BAREMEZMRGET D, 4 BT REN— R =T 274 v 7 Hifti 24 % /) DCN (23
AL, 77— ZLICHIGRRER 7 0 — N TFIEORE L VI a2 b—va URERZ R T, &
BB B BIZBW AT —F 7 7 F v TR RO SR — B A 2R ATRETH 5 = & & i
L LTik~3,
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University of Texas at Dallas ~ Ph.D. in Electrical Engineering  Andrea Fumagalli

4t (%), &t (L% M EREBE OSSR IE, Reconfigurable hardware slice
network architecture for service transport and data center network (—¥E &2 F 7 > AR — Fx v K
T—r bF—Rto 2 —Fy NT—JIZAT TR REN— RV =T AT ARy NU—
IT—XT 7 Fxv) LHEL, &5EMNHEREIND.

Beyond 5G Rt Tlx 4 £ T RICEZE 2 — AR, TRENOEMHIGE LT WED SR v b
U — 7 %ERTDHIENPBESND. HERIIT Yy VNV —H =D~ R0 =T 2 ZHAEICTDHZ
ET, RV —ERAZRAEL TV, L L, FEERERORASCH —EAEHDO R Y b T
— 7 BT NFIEELEEAICB O CERE 2 A BRI E 2> T,

Kiw LTI LR ME A fRR T 57280, BRI N— Ry =7 &2ty U — 271X 0 #
WL, X NU—27 AT A A%&KHEHS 25 VPON (Virtual Packet Optical Node) Z 2% L 7=. VPON
TRy U =22 X0 SR ORIRZ o L, x>y NTY—7NOFREY V—2% 1 vV
— AT =) LTRFEIT S, ERENET RS L TA— Ry =27 2 —E R (2E )Y
T, BHIOSCTAA— Ry =7 OBEZ T 5. Z207), "—FNU =73 —ERIZH6
BRERROAZRMET 52 L1280 ) Y —REGFRLFIHATE, E0iC, FA—0piExy b
J—7 ECA—RyzTIZ X0 SNy N —27 2 BETHZ L TRIET A D
AE LR TE D, RFmILTIX VPON 7 —F 7 7 F v DREOHR T, IGHE L TH—E R
k7 AR — K%y FU—7 & DCN (Data Center Network) -~ % 7~ L 7=.

VPON 7 —F7 7 F v TlL, "— R =7 5357 RLA T4 —~vv FOEFREN—F
v =7 MO HFRICET 2_ENTONTEY, V—E AL LIREZ FFOA T A AD
WA AIRElC L7, IS, fhifese - R LM L THEL L7 VPON O 7' & A 7 2RI L
TEBRAEITH) 2 EICEY, VPON 7 —F7 7 F ¥ OEH e 2R LT

VPON OH—EART U AR—KrFy U =7 ~OHEAIZBWTIE, —EARBEFMIZ
VPON OEJRZ AT 5720, WRAREOEWVEREHENEETHD. £ 2 TR TIIAER
T Y XBZES BFEFELRET 22 LICLY, = RERLHX Y NU—7
WIS U B A B IR 2 ATREIC L TV D, a v Pa—F— I 2 b—3 g T, BiF
FEFIEEAN LD —ERNERSTIOM EEZRLTWAD. HIZ, EFIEZEA LT PoC
(Proof of Concept) ZAEH L, AT A AEFITEAT D FEREZ1TSO 2 & T, BEFIED VPON ~
O A AREME A R LT D,

VPON @ DCN ~OifHIZB\\TlE, BE N2y N — 7 BENREETHSH. L, BE
fFODCNIZEBIT DEBEIEHEEEIZIDCN D b7 b v 7 BN Eb+ 5 L BB HRNBIET D
AUEMFAE LTz, & 2 CAGRSCCITENBERETIE FIE 2 B A Lo BB A T A AEZ1RE
LTW5. KFHEE, EBEO DCN TNELZ R T v 705 EIT, bTb v 7 OREL
R RIRICE B 7 RER E DO BRIE A B S L2 ETIRESNTEY, DON IBITS F T
bty 7RO ZRIZ KR L CEIM BB 2 FTREIC L T D, a v B a— 44— Ial—T3
YT MNT ey VRENEN L THRWABINREZHEFFCTE 5 DCN OEBMEL R LT,

VL EEES 212, RwsU3E OB 2 FFOSER Y — B ADOWNEN e/ A T A ¥ v T HiT
DIESLDT-DIZ, BN — RV 2T ATA ARy NI =7 =X 77 Fx DREE L,
SO, EHELTH—ERA NI UV AR— Xy NU—=ZIZBIT D @mhe—EANE % A]
BEIZ 3 2 EIRFHE FIER L OYEE ) DON % B4 2 B EERE FILOREEIT-> T 5.
ZAD OWFFRANIL, MRS HE Lt 2% > T — 27— R &k age e, fEkoths
AVTITANTIF XL TOXy NI —7 2FHBT5H LT, TP EHFGTOHHADBRENEFE
i,

EoT, KiXoELIIE L (T%) OFE2ZTIERRHDLHLDOLRDD.
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Motion Estimation Algorithms Adaptive to the Sparse and

Asynchronous Nature of Event Camera Outputs

(A X2 b AT H 0B - FERIBIEICER L7z —Y a VHET LI Y X L)

AT AACE—Va VHEEIL, vy NOHEBIHED VAT ANAE
MINCEN 7 OICEHERFEINTH D, KT, A X2 M AT EFRTIIN D & WO RERE] 3 fifRE
FFOW AT, ZTNETONA T TRAETHSTZIRBICEB T DE— a VHEEE A HE
2T AHELTHEBEINLTWS, L., BEFOFED—D>TH D Contrast
Maximization (CMax) (21, 2 DOEKZMENFEET S - (1) BRI E O i

EEFFD, #HEEIZARIT S “Event collapse” ZEZ L CLE D, (2) #HEENLL,
BT — Y 3 VHEEDEE LU,

AL TIEET, CMax IZBWTRE 2B E 725 “Event collapse” #[HX, H#
AR NHATOE—V 3 AHEEICKIT DEE L HEL N LS5 FIELRET D,
Event collapse & 1%, CMax Z V7= 3RILE— 3 UHEERE,  H RIBIESEEL O i
RO, ELWHEENHE LS RoTLEI EWIHMETH L, ZOMEEZMRIT 572
O, MEFIETIEI, AN MDA TORBENENPOFHEISNLGRET T T 4 2 HNTA
R NTF—=F BT HT LT, 3WILDE— a VHEEREE 2 RoeOE— a3 U
EREA~% & Lidde, FERZE LT, EFET BB L MBI~ L, #iES)
HEE DR E A2 ETE D EHEIELT-,

ML TIEE BT, FRMARHEEIC L > T2 kot E— v a VHEERFO R B2 HI
9% Tk, R-CMax #2875, CMax Z W= —v a VHEEITHEENKE L,
(CEBEE R HEENHE LS > T LE I EWOMER D D, £ 2 TREFIETIE., RN
ICHHTATREZ: TEMEA X b)) ZEATHZ LT, ZOMBEEZRRET S, BEOA N
K& 250 T[EMEA XV R ORATIEE T2 Z 2T, RNICE—Y a3 VHEEFHT
HZENTED, ERRICEY, EFRIBEGTETIELRZEORBEZM LoD, HHEE
EHNRCE D Z L amLTz, £72, BEEOAXRV I AT EHWEERICEIY ., #ET
BIZHERD A A T TIEIARARETh > o @l /BB HEEN ARECTH D Z L 2R LT,
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T (%) L (%) /NE mRERHOFAGE RS, TMotion Estimation Algorithms
Adaptive to the Sparse and Asynchronous Nature of Event Camera Outputs (- <> k1 A 7
NOBME - FEFRHECEIE LT —2 a VHEET LT Y XL)) L, 5 ETHR IS TN,

AR MU A T —EMBRORFZEC Bl A R H )35 @FE O A7 L3RR |
FEICEEBNH -T2 L & ZOBBALEEZ A X v T —H L LTHDNT 5720, BEESss
VU TELRMRDOI AT E L THEEENTWD, A XV bT =08 ek LTy
k7 A M KRAEIE (CMax 15) B3 HH TV 525, HIBEEEHOMEZ > Z L ITERT 2 1
ARy MRAEHRSR | L VEIEHEEICRRD AT CLE I MELE, B fEEICHLE il EDA X2 b
TR L DFEENERICD LW ENR S -T2, RFmCTlE, D O EEERT 5729
DF LT N TY ZLERRE L, ZOFAIERGERRICOVWTEL DI LD TH D,

FB1ETIE, AN ATOME L ZNE W8 EHEEE TH D CMax {EDO PR & R A
IZDOWTIRAR Fia XD HBZ IR TN D,

B2ETIE, ANV M ATITL DB EHEETES SLAM (B~ » 7 & 1 A T (& RIRFHEE %)
2B D BIEMIIE & . FRICARGRSC T O B EHEETE TH D CMax 1ERZ OILIETFIE D BENFEIC
DNTOHF—=_A PRI TV D,

5 3 ETCIE, CMax ([ZES B EHEE FIEICHK T MBS TH D T4 X MREESS: ) ZFhik L,
B X HEE OEfM: & A ) ESE D FIEAREL TS, AFETIE, HilI A TDO LI ITA
N b AT DBEITHEICN LT EDME L E L > TOHIRREZME L, ZOMEZREIND
HAEAINDIREZ T 74 ZHOTA R N T — X OWBHONEZ SBAST 52 LT, 3IRcHE
SHEEREZ 2 WorE) S HEEMBEITIRS SE5 2 L2 L0, BBEENFF B OmE 2 (KK 72
HbDOThHD, ZHIZE ST, HilA X MU ATEREEE LT — 2 OB EHEE AT o o bR, 1RE
FEICL VB EHEEDORE LFREEL N L TE5 2 2R LTS,

4TI, FRNEIXHEIC X VEREELZHN L 72 CMax £ L LT, /71 CMax (R-CMax)
EEREL TS, IBEFIEIT, B8Oy FE2EEIL TERA N> b Z8AL, B &HE
\ZHEMEA X MBS 2 2 & CRIBBIEHEE Z AT & L, BEFFIEORETH - IR EO
HI A FEBLL TV D, R FIEE AW ERICK BEFFIE L g U CEHEEDHIFIEETH D |
SOICEZHEREGMETXLZ L 2R LT, 70, EBEOAXRV M AT EHWZEERIZ X
D, RO AT TIFIARARETH > T md R EEHEENTRETH D Z L 2R LTV D,

MIRICE b ETIIARRMSLTHRONICR EfmE E & O, KX TIRELILA XV NI AT
T —Z OB - FERBIMEICE)S U783 2 HEE AN BT 5 4% O FEREIC DWW Cilaa L TV 5,

PLEEF DITARIRIL, A X MO ATIZLDEEHEED T DO 272 FiEERE L, ETFIE
DERD CMax IEORBR Th o7 [ MEHER ) [CL 2B ESHEDOR Y P, BISHEED
TOOHEEEHIET DI ENAETHDLIIEERLELDOTHY, T EHGT DL AN
<720,

X oT, KimxXoFEH I (L) OFNEZT2ERHLHLOLFRD 5,
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