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o TWD, Kiglx, 770 F 2T ABIOVEAAXXOIRR T A VAT ZRFE L, @k ERNE
BWHET: & N R 2B BRIEOHNL 21T -T2 b D Th b,

TFr X2 T AT, 7FHrFa T AMBLEY A 7 VA /L ARanMMV), b~ L2 Z DAL
A(TSWV), BEOF 2T VTV A 7 ANV ACMV)D 3 FE T A VA &R ATE R~ L F 7 L
v 7 A RT-PCR #£(mMRT-PCR {£) &S LTz, AEZXZHWBMHE LT/ 2AH, 770 %=
T A TlX RanMMV DJEGEENE N ERH LN E R oT2, —FH, UANVARIERDZH 5128 4
DO 3 UL NAPKRH SN WNWT F X a7 ARRDBHER I N, /R —r o —%
FHWTEG Y A )V AFEOMEGREIMR N 21T > 72, £ OREE, RanMMV 2%, 7T 0% 27 A&E
HE 7 A )L A(RanLDV) DJEGAR RN\ 2 &, RanMMV & RanLDV DR ARG I EIEL 2 BiE$ 5
ZEWRIBE N, BIHIOBENRE T, YA NV ARERE L LT, EHHRERBOER 217> T
WABD, THERBOALT L UANAT Y —TIEROVOREIRTH D, 5%, BRIBROT A VA7
—bORERTE L LT, $EKED RT-PCRIZM %, A mRT-PCR IEOFIHNHFIND,

FAXXTHE, FTERRNOTERAFAFERCTHELSEE T VAN AFEOREL LV
T ORGP ROPFEEITo T2, TORER, b~ bEVA 7 TANVA(ToMV)E L OV N it 4
A7 TANVA(TMGMV)NEEFG A VAT TH D Z L 2L Lz, F£72, ToMV EYHE &
FERILR D) 0 FER A i U, ToMV YR IZIERIL R & 0 B1 0 JER B EVEIZH V, 7 A LA
JENRFEIHEEZ DT ZEE2RR Lz, E5IT, ToMV &R X 2R EOREE LT, i
BV A i L 7SRO FEAEE OO N F XA E BN Lz, TOME, SA XA~
DFZEVLEL)S ToMV OFE Az Ml 2 2 &, MEVUE 26 L7 M -HkoM T4 EM L7z
BiIHARES R 2 TlE, ToMV OREEENME T35 Z & 2 5GE LTz,

ARFZETIE, BIFROPILEHIR CHEE SND T T %2 7 AB LR A XX O FEEHRR Y A
NAFEERE LT T 0 F 2T A TILEREEOBIGFEWIELBR L, "4 XX TIIHEDN R IA
IV AIRERGBRIE A FERE - fENL LTz, A%, ThoDU A VABR - BIFRIEN SR L, 7 A VARE
DR, R OUE L MITIRBLCEm T2 2 E 3 ifF S,

(E1) GEEoLRAE, TR, AFEE] OMICITIFEL ST 2HEOAETAL, NFEFEEOTTA
IIAREET 5,

(E2)  Z4¥ MIFXOEA 10.5 KA » FOWFEIR, HXDOLE 127842 RO times 52 &35,

(FE3)  Aram SCEEPNEFEOS AT EARGEE R T 5 2 &,

(FE4)  FsOUIELET5,
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franchetii) %, PLRIHIEG O EFEHIC 351) B EEARBEAEW Th 5728, TR Y A VAL K DHE
INEETE A ERR S B AERF DFERE L 70 > T D, AWFZEIT, BIRRA O T F#E TG sh s 77>
%2 T ABLORARFTRAETZ AN ABEREL, ZOMBRMEOMN 21T-725DTh
5o TF X2 T AT, SHYA LR ZREHR AIGE/R~/LF 7 L w7 A RT-PCR {E & ST LT-,
RiExE O CBIHEB 2 AT 7RG R. 7T 0 F 2 T AT T T o F a2 TAWBEEF A 7 T A LA
(ranunculus mild mosaic virus; RanMMV) DGR mn- T, £o RIS —7 ¥ —2 A
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~OTE SIS B, A X% T, HIERNO EEER T EAET S 7 A L ATOREEFTV,
EFEYL T A VAN b~ FEYA 7 7 A LA (tomato mosaic viruss ToMV) & Z /N 2 fBEEF A 2
7 A JL A (tobacco mild green mosaic virus) T DI &EZH LM LIz, £o, RAZXFD TolV
YRR LR & O TEOMBIBIRZ TR LT, & BIT, EAVE T-HOROM T X 2 H A X% o
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KEEHFEES AT 5 PV VAT L) (LRI ENERO—> L LTI TV DR, EH
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LTITO bOBIFEEALET, PVIUATLAORFEZHHIHRHTELLONERETHSL, £ T,
AWFFEIL, PV VAT AOHEKHIEN (MPPT) #l#Ilc K-> TELS PV A RY 7 (CKE;ER
Y a— /LR EANCHEEE LTZRE) OFEROE(\bE (BiRERE) (2EH L, BEIREDOE £ TS
IZPV VAT AORFE 2B C& 5 FE - EORE T2,

F9, PV A NY U OREEER 2 ESHRPUENGE & 7 7 2 2 S8EICHE L, TR0l
BElZ L2 EI-EERE—7 IV A—7) Z#EFREIE I 2 b—2a VRSPV AR
YIDIN =T L LT, ORISR, BEIHRPUEINKGEEIC SV TIE, PV A NY T OEMEE
Telop)3/NS 720, BEWRADD/NE K 2 DR 0 oTz, £, 77 AZMEDOH HRNEE
ANV T T, Ipl3/NEL 7250, ALIKRE L RDHEBEB G172,

WIZ, FHHENTNDE PV VAT ADPV AN 7 EREIIE L, Ly MO AT OFE % HFE
Lize Z2TIE, HHAODC UV ZBEL, ZODCEUIZ2RME T2 PV RN 7 ERH
TELEE 2 BN LTz, FIZEE 2 W T Ly & AT OB DWW TREEZ TV, ESHRSUE I EO & 5
REBGAN) TR TAZHEOH D REEA N U TICBT D Iy & A DI 2 b
—va THLNILEZELD LR THL Z 2R LIz, T72b6, PVA NIV IORELED
WiZiX Iop & AT D 2 DDONRTA—=EZPHEHTHDHZ EET I 2 b—a UROERPOHI LN
L7z,

%Iz, REGA NY 7 OB ONSEREZ AR T 27200, £ N > 7 EROMKH
IR RNEFZTHNEDee) E A NV U T DEREACDE G % RTHEIEDe) &, 2 DOFRIE Z it 2 B
ST (Dee-Des 77 > M ZEFRE LT, EEHINTND PV VAT LD PV A N U 7 ERT
— X ZWH LT Dee-Det 7’8 > MZEBWT, @27 A RNY 7D D (XIEANEF T DAL,
REAEANY T D D \TEPNCEF T AEAPFHER TE 72, MAT, FEGARNI 7DD,

EHIRFHEMNEIED H HAREE A N 7Tl D lZBALB L SR WD, 7 5 A ZHED & 5 R
BAEA N T TIE DD REWVERENREND Z L 2R LT,

LLED X 91T, AWETIE, BEIREOEEM[MIHIC PV VAT LOREZZMHTCE 5 LWE
% -

WEOREZITO L LLICXOAIMEEZR O NI LI LT,

(1)
(2)
(13)
(F4)

msCE LA, THE, AFHEE] OMIZIIEELZ T 2HROAREZTLA L, NFFEEDOFA
IIAREE T 5,

7 4 ¥ MIFILOEE 10.5 KA FOWFIR, HXDGE 12742 RO times 2 & T 5,
%LL jC%_E H 75‘9*.;%0):&5/\ I H ZI:;III %{ﬂ:ua—é—é &

M THCET D,
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HIREERAC 3

FALam L DOEE

7V T THh o Vavnd
K4 | WH T

HIR KRR AP RS L A e RHE 2 R

% l& PR ie:) [
AL FIRBREL R AL
TR
(FEIEE) 2018 4EfE (4 H) A%
EZVA MERMEREL S N ady ZAI A LN —iEE HWIchisk b~ Mok o2

BHOH NaaFTT I OREHE RERICE T D5

[GRicoEEE] (OB 1, 200 FFEEE, # OB 800 FEFLEE)

1 - AW

BAREORBEMOME A~ N CixZNxaaFr I (IR, #23a3)) EARERENTS b~ b
FALFEE T A VA (TYLCV) WNREAFE EOER Lip-> T D, ARIEE < OEANHPIME & 58
EEOOH DT, LFEHIBEBROZIKTE L2 W7o 7 A i0ss A B (IPM) RR23RD B
TWD. AL TIE 2T V7 SFUCHT 2/ IR CH vV, B EE & B %[RRI
FIHFTREZRMERMER B CTH L Z N ahAI B A (LUF, BAI) IER L, BRPIGHRZET v
(iR b~ MW TAR A W2 AR EA S & Lc IPM R OESL2 BiE L. 20 A
HID T8, AFE & S —FlE) (RREOIRAF AT 72 IEERE) & OFEREN 7B BAER 2R L,
EMHIBEERICRBIT DHEEZ LS T D L L BIC, ZROHEZFEH L IPM KREZHEL TZ DA
B 2 BEATG L 7.

2 WA LY OMEAEAEH

A A NBNETE DO ERE D % G- 2 723556, BB TH 5 A~ ITMA, 7 VA A TARRRITIEGH
AfRECH o7z, N—_F & b~ P TIIARITEI TE T, BMOBERENLELZ 2 b7,
RS TIE, ARIX R T T 2 =R LTo X —_F ETHE L, &N RAF S
7. AFIIEICHRT 2GRSO EEMAHE L THE LD LB b,

FAEWFED DNA ~— T — % W IBNEM T FIEEBRFRE L, N —P RS Tz b~
MBENIZI T 2 AT R OB EYE & fRAT Uiz, AR RO RERIA (<24 Bf) T, Zh
D ORFER A2 BEICBE L T\ D Z &R E Tz,

VL EORER L S DEBRMESEDNS, 7 LA A LRI RKEON D —flhE L THE
ThdrLEZ L.

3 Mgk b~ b Z R STk D AEMIBLRR

NAITREEOHRMNT b~ MENETHAEEERD H. 2 2 THROE T2 K E SR
TAHOREOEBELZME Lz, — M CTRENEAE LIENROAEFICREIZ 2L, Az b~ b4
HIBSEREM & L CRIHREE B 2 DT,

R T—FEY) (N—=_F) R LT b~ MERNICH NI T EIAIZREALIZE 2 A, N
7 — R DAFAER EIIBABR O R A @ H 2 L PR ST,




WFFEFTAN D b~ MEHERES MR IS FBWT, DA, N h—hgy (N—_TF) , SRR 21
AT IPH SR OENEZ TN L7-. A IPM ASRIZEEAIIBRIA R & RISREICAEZITH Y,
S DI RARAR B2 RME I HIJ T & S IREME S R ST,

FRIA RPN OB &~ D FIRBIE R IC BV TR TP (KR OGR4 FERE LTz, FEFIHAR [ D
RIEZLHIBIZIZE SR> 7o b DD, K TP ASRITHEROFEAIBERASR IS o FER L LT
FETHLEEZLNT.

4 fEw
RGN LY, DAINZHTEHIZ LA RAER—=NF O H—fEME L TOFMENRH LN E
oz, AREOFIMAZE#RE Lz IPM (KRITHERDOIERIBLERERIZRD HPiRTFEE LTHET
&Y, TYLCV JLHBG LRI R D—2 L LT HERET 2 AlREMAVRIB S iz, F7o, BLEERIRMmR It
REEADERT A 2 LT, BEMHEAHINL oo, L RENRRAE EE X A AREENRE X S
.

(1273 3¢¥°)

(GE1) GwCETOLAE, TR, AFEE ] OMICIIEEL ST 2HEOAETLAL, ANFFEEOTTA
IR LT 5,

(FE2) Z4¥ MIXOEH 10.5 KA FOWFER, HXDGE 127K4 2 RO times 2 & T 5,

(FE3)  Aram SCEBEPNEFEOL AT EARGE LT 5 2 &,

(E4)  FCXFELET 5,
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TR | AEFREEO KT LT PIBRIREChH 5, AW TNk b~ hoZ 3 xaaF0F Tkl MM
KFH /32T AR T3 A Lo Fr—REORINC K 0 A sRE i & TR ARYEREEE (TP (AR
ZRBELIZHDOTH S,

TP UL LT T, LA ABHDINNIN—FE 2 5 2 L TR ARE CH D Z &L )
INA~— 77 —% FI T RN AT TR T K 0 A EURSHAEEL AN O A S BB L Q1D 2 &
EIABLINT LTz, 2B ORER L SRDEE RS, 7 LA A L S—F 3RO I —fE) & LA
BThHZ L2 L, W, b~ MOKREMETHT DAFEOMEZ I L, — 5 CRIEDIEAET HHMRDA
BTN LA BN Ui, S —hi) ON—~) 2R LT b~ MEENICY Raa)FUT 3 L
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G L. ARTPMASRIZIEAIBASRASR & RSHEE A2 ChH Y | R KIBIH R CE 5 rfREtE2 R Lz,
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(FE1) FCHF AYNEREO S A AAGER it 5 = L,

(E2) BAIc A TORZR LOREISA LB Th Y | AREEBRITH I L OB otk
LB fiEd %) L0 CE % LGl 5 2 L,
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A OES] (FSCOBEA 1, 200 TFRLEE . BESCOHA 800 FEFLEE)

b/ & AN LRI OMAE & bl U CHRIR DS E L7 < L RRCRIRE O R E BN R+ T
HHGEIIRTERENEINCT D Z 0D, XLERET DD 72 E B KON RO
HNTWND, ABFSEIE, MBI CTROBEERFETHLIMkE, RBIEEOE L 725 N THRDZE
MZRELEN E ) IHROR LB LI N L RET DMK AEICGE X 2R EHALNCT L L%
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WA OB LV R TEEZEBT 2 &E 2 L SN b2, BRIEFO FEXI Y Hau s
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Uy —EARTSEL 2, ZRONERMIC, BHNARRLORBRAZKSED 2 L 2H
LT LT,

DI, FAMTICBWTHEEEDOEME=4 1 > 7 &2IT\, FTREXFAWHE, . Mk
EHERIC G- 2 DB ARE Li-, TOME. TREMEER S ZIREE TIEMIL 21T > T HHER A0
BIR 2R EIIHIFRF TE 20 2 &, B X ORI AR A OBRCR AR O BINZIE, Bk
TREXVHLDAZETHD Z E 2 LML, R HE R EREREOBIERN U 2712
D DM DRSO, HEFEL MR 2O BEEIZS U T, FTEORFA « fRFEZ YN EIRT D20
ENRHDHIEER LT,

W, (RERE URIERIMR) O TRSHREICER U, & EFICRIEBRRBET 2 94 4F
7 FHRITBN T, MWRO EWBENE & Z S IETHREE, JRBER ) ¥ — 7 +— /v & OBf%R
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(E4)  FCXFELET 5,
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Studies on structure control of polystyrene microcapsules by permeation of
s water, their volatile exchange impregnation of substances, and their
. q application to functionalization of cement mortar
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For the microcapsules preparation process, the mechanism is estimated by structure
reformation during the preparation process since diameter and wall thickness drastically
changed. Microstructures are recently studied by machine learning techniques. The Hough
transformation algorithm is used by other researchers for the preparation of the microcapsules
but it is difficult to determine the mechanism by using only a diameter change of the
microcapsules. Therefore, one additional way to establish the mechanism is the analysis of the
formation of the microcapsule structure. In this study, The Hough transformation algorithm was
used for the image segmentation, the simple feature extractions were checked and the support
vector machine and the k- nearest neighbors algorithm were used as classifiers in order to
analyze the structure of the microcapsules which were prepared by solvent evaporation method
from a solid-in-oil-in-water (S/O/W) emulsion system. The structural distribution was analyzed
by the developed detection method. The microcapsules had a specific structural distribution
which are monocore, multicore, and other aggregated structures. The structural distribution was
changed by the preparation condition. The monocore structure was dominant by increasing in
the amount of water soluble solid particles added in the organic phase.

Most microcapsule preparation methods produce a population of microcapsules in a
bulk solution. To control the microcapsule preparation or obtain an optimal preparation
condition, the mechanism of the microcapsule preparation should be investigated. The
mechanism 1is estimated via structure reformation during the preparation process because
diameter and wall thickness are drastically altered in the solution. Considering microcapsule
applications, some important properties, such as the mechanical properties of microcapsules and
release rate of the encapsulated product, depend on the microcapsule structure. In this study,
polystyrene microcapsules containing saline water droplets were prepared via the solvent
evaporation method from a S/O/W emulsion system. The microcapsules exhibited a specific

structural distribution, which comprised monocore, multicore, and solidcore structures. The

structural distribution was altered by the preparation condition. The monocore structure was




absolutely dominant owing to the increase in the amount of calcium chloride added in the
organic phase. The salt concentration is not the sole controlling factor of the microcapsule
structure, as the surfactant and dispersion exerted a significant impact on the microcapsule
structure. The structural distribution was automatically analyzed by a machine learning
algorithm (MLA). The decision-making time for the microcapsules preparation was shortened
by the accelerated structure determination, and the accuracy was improved by increasing the
number of counting particles.

In order to apply microcapsules as a functional material of cement composites, such as
self-healing and heat-transfer-controlling materials, the effect of the addition of microcapsules
on the mechanical properties of cement mortar was investigated. Polystyrene microcapsules
containing CaCl> aqueous solution as a microencapsulation substance with monocore and
multicore structures were successfully prepared from S/O/W emulsion by the solvent
evaporation method. The compressive strengths of the mortars with and without the
microcapsules were measured at various curing times. The compressive strength of the mortar
without microcapsules increased with curing time. The compressive strength of the mortar with
the microcapsules was lower than that without microcapsules and increased with time. The
decrease in the compressive strength increased with the amount of the microcapsules added in
the mortar. The self-healing effect of cracked mortar by CaCl, which would be supplied from
the microcapsules due to outer mechanical force making cracks in the mortar and on the
microcapsules was not clearly shown in this experiment. However, permeation and leakage of
CI ion to the surrounding mortar from the microcapsules was observed by mapping analysis of
SEM-EDX.

Polystyrene microcapsules with two different structures were prepared by using the
solvent evaporation method from S/O/W emulsion which contains fine particles of CaCl; in the
organic phase. The microcapsules were fractionated by their size and permeability of the wall
using settling difference in methanol. Further, phase change materials that have two different
wet-ability characters were successfully impregnated. The hydrophobic compound was easily
impregnated to microcapsules which have hydrophobic wall material. Meanwhile, the
hydrophilic compound, which is salt hydrate, was not impregnated to the same microcapsules
via direct impregnation but the salt hydrate was successfully impregnated by the volatile

exchange impregnation method. Simple thermal properties of the prepared phase change

material microcapsules were examined by TGA and DSC methods.
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Studies on structure control of polystyrene microcapsules by permeation of water, their volatile
exchange impregnation of substances, and their application to functionalization of cement mortar
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Autophagy is a bulk protein degradation system of intracellular components and is induced under nutrient
starvation. Autophagy appeared to play essential roles in growth, senescence, nutrient translocation and stress
responses of higher plants. However, detailed regulation mechanism of autophagy during leaf senescence in
plants remained to be clarified. I focused on roles of amino acid metabolism and those nutritient signaling on
autophagy induction during leaf senescence. The first chapter described the roles of amino acids metabolism
on regulation of autophagy induction in leaf senescence of soybean plant by a model experimental system
using leaf shading for analysis of amino acid catabolism-related genes and autophagy-related genes (4A7Gs)
in soybean [Glycine max (L.) Merr.]. Leaf chlorophyll contents and photosynthesis II activities came to be
significantly reduced under leaf shading treatment, indicating a typical leaf senescence symptom. Leaf
shading treatment significantly also significantly enhanced the expressions of branched chain amino acid
(BCAA) transaminase genes and autophagy related genes. Among GmBCAT genes, two of BCAT genes
predicted to be localized in mitochondria were up-regulated but the expression of other BCAT genes predicted
to be localized in chloroplast was not changed, indicating that leaf shading treatment enhanced BCAA
degradation via induction of the mitochondrial BCATs. BCAAs content in leaf decreased gradually under
shading while it increased under light condition. Recently, TOR, BCAA sensor, appeared to regulate
autophagy induction in response to reduction of BCAA pool in cells. These results indicate that mitochondrial
BCAT genes are regulated by photosynthesis termination under leaf shading and that the resultant reduction
of BCAAs accelerates the expression of GmATGs and leaf senescence via autophagy induction. Furthermore,
it is conceivable that gene modification of the mitochondrial BCAT genes in soybean is applied to
improvement of BCAA contents and/or yield improvement technique by suppression of leaf senescence for

purpose to elongate effective photosynthesis period at the reproductive stage.

The second chapter described induction of branched-chain amino acid aminotransferase genes

(GmBCATs) and ATG8 homolog genes in response to drought stress in soybean. Severe drought stress causes
crucial yield loss in soybean production and irreversible damage in soybean. Recent studies in Arabidopsis,
barley, and wheat have revealed that mitochondrial branched-chain amino acid aminotransferases (BCAT) in

those plants are involved in the degradation of a branched-chain amino acid (BCAA) under water deficiency

and/or shading treatment. It was examined whether autophagy and nutrient starvation signaling via cessation




of photosynthesis are involved in the irreversible damage in soybean under drought stress. Leaf chlorophyll
contents and photosystem II activity significantly decreased under drought stress condition. Drought stress on
soybean up-regulated the expression levels of mitochondrial GmBCATs (mtGmBCAT), GmBCAT?2
(Glyma.04g049200.1) and GmBCAT06g050100 (Glyma.06g050100.1), and GmDREB2, a homologous gene
of DREB (dehydration responsive element binding protein), but not GmBCAT0lg (Glyma.01g196300.1),
GmBCATI1g (Glyma.11g045300.1), GmBCAT08g063200, BCAT08g063300, GmBCAT07g. Furthermore,
drought stress on soybean up-regulated the expression of GmATGSc, significantly, suggesting induction of
autophagy in leaf. A line of evidence indicated that environmental stresses accelerate the degradation of
chloroplast proteins by autophagy. Autophagy appeared to be regulated by the nutrient starvation signals of
sugar and BCAA via SnRK1 and mTOR, respectively. Based on the present data, it is suggested that a
combination of photosynthesis cessation and BCAA degradation in soybean under drought stress causes
autophagy induction, leading to the irreversible damage of photosynthesis by autophagy-mediated protein

degradation.

The third chapter described the roles of autophagy in photosynthesis of soybean leaf damaged under chilling
stress and light irradiation. Autophagy plays an important role in maintenance of cellular homeostasis and
nutrient translocation under normal condition and is up-regulated under abiotic and biotic stress for
degradation of damaged or dysfunctional cell constituents in plants. Several lines of evidence indicated that
treatments of salt and heat stress on plants induce ROS production leading to activation of autophagy for
removal of potentially highly toxic denatured proteins in mesophyll cells. In this study, I examined whether
autophagy is involved in protection of photosynthesis activity of soybean leaf under chilling by monitoring a
photosynthesis parameter and ROS production. Photosynthesis System II activity (Fv/Fm) and SPAD values
significantly decreased under chilling and light irradiation whereas those values were affected marginally
under chilling and dark. Significant reactive oxygen species (ROS) production were detected by
diaminobenzidine (DAB) and nitroblue tetrazolium chloride (NBT) staining in soybean leaf under chilling
and light irradiation but not under chilling and dark, indicating that excess ROS production including H>O>
and O>” damaged photosynthesis activities in soybean leaf. Reduction of Fv/Fm levels in chilling and light
irradiation-treated soybean leaf were enhanced in the presence of an autophagy inhibitor 3-metyladenine, but
alleviated in the presence of an autophagy activator, acetyl carnitine, compared with that in the absence of

those reagents. These results indicated that autophagy is involved in maintenance of photosynthesis activities

in soybean leaf damaged by ROS produced under chilling and light irradiation.
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Efficient training methods are essential in any sport. Evidence-based scientific approaches
are now being used to improve athletic performance and to reduce injuries. In baseball,
pitching and hitting are considered primary activities, from which more attention has been
given to pitching in examining the increase rate of injuries. A baseball thrown by a pitcher
will reach to the batter less than half of a second to which batter needs to react accordingly.
Therefore, baseball hitting is considered the single most difficult motion in any sport.
Baseball hitting involves whole-body, moving in a very short period and thus require high
speed motion measurement techniques to accurately analyze the motion. Hitting motion is a
sequence of movements from lower-body to upper-body. Sports scientists have divided
hitting motion into four phases (stance, wind-up, swing, and follow-through) for
comprehensive hitting analysis. These phases are identified by key events including foot-
off, foot-on and bat-ball impact. Optical motion capture system (OMCS) is a camera-based
motion analysis system, widely used to analyze sport-specific movements. The key events
are typically detected by cameras and force plates. OMCS however requires a fixed indoor
laboratory, which limits baseball hitting analyses under restricted settings, which is far from
real baseball hitting. This dissertation describes a systematic approach using inertial
measurement units (IMUs), a wireless sensor-based system to accurately detect key events
to analyze baseball hitting in a real game environment.

The dissertation is organized as follows. Chapter 1 of the dissertation introduces baseball
game and the importance of analyzing baseball hitting. OMCS has been used in hitting
analyses with high accuracy. However, it is difficult to setup the system in real game
conditions and thus limited to laboratory settings. Previous studies have not investigated
baseball hitting in a real game condition. Aim of this study, therefore, to introduce a new
feasible solution with high accuracy to evaluate hitting motion in a real baseball field.

Chapter 2 describes previous research in baseball hitting and motion analysis systems.
Previous research has shown that, batter generates power from lower extremities and transfer
the energy to upper body using trunk segments. Trunk motion therefore is crucial in timing
and energy transferring to hit a baseball. Most of the OMCS laboratories have confined




space. Hence, hitting movements have been evaluated by hitting a stationary baseball kept
on a tee-pole (a vertical rubber pole). Thus, alternative motion analysis system is required to
accurately monitor hitting motion in outdoor conditions. The IMU is a miniaturized sensor
unit consists of an accelerometer, a gyroscope, and a magnetometer. IMUs can be attached
on players’ body segments to measure segmental orientation in 3D space. Joint angles can
then be calculated by using the orientation data of the adjacent segments. Nevertheless,
techniques have not been developed to detect important hitting events using IMUs and IMUs
have not been validated to be used in hitting analysis.

The key events during hitting motion are detected using IMUs (200 Hz sampling rate)
attached on pelvis and hands and the methods are explained in Chapter 3. Local acceleration
peaks of the IMU attached on pelvis segment were corresponded with the foot-off and foot-
on events, those detected by force plates of the conventional OMCS. Local hand acceleration
showed peak value not far off the bat-ball impact, detected by the cameras of the OMCS
with root mean square error (RMSE) of 9 msec. The accuracy of the impact time is
compromised due to low sapling rate and tee hitting condition.

The hitting kinematics evaluated using IMUs (1000 Hz sampling rate) is described in
Chapter 4. Trunk (Spine joint, pelvis, and thorax segments) and hand kinematics data during
hitting were compared with those of the OMCS. Results showed excellent accuracy for
angles (RMSE < 5°) and angular/linear velocities (Mean absolute error < 10%). Requirement
of employing devices with higher sampling rates to closely monitor the coordination of
body-segments is also emphasized.

Trunk and hand motion at bat-ball impact decides the outcome of the batted-ball. Thus,
close detection of the impact time is important for hitting analysis. A new algorithm was
introduced to detect bat-ball impact using local peaks of acceleration data from IMUs for
pitched balls in chapter 5. A microphone with 10kHz was utilized to accurately evaluate the
impact time. It was shown that impact time should be detected within 4 msec to measure
valid kinematics and error less than 2 msec is required for excellent kinematic accuracy at
bat-ball impact. The algorithm could detect impact time within Imsec in RMSE. This study

also recommended 500 Hz or higher sampling rates for hitting analyses.

Chapter 6 concludes the dissertation and future works.
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Parturition is an important incident in the reproductive cycle of dairy cows. To solve the
abnormal, prolonged, or difficult birth issues in dairy cows, the calving time prediction system
is performed which improves the economical profits of the farm. The behavior changes of
pregnant cows before calving need continuously monitoring to predict the exact calving time.
In this study, the video surveillance system is used to monitor the behavior changes in cows.
The main aim of using this is collecting the data during birth or calving by considering the
activities of the cow. Exactly knowing of the start time of calving is essential part to determine
if a cow needs help to give birth her calf. In this study, we attempt to predict the start time of
calving process by proposing an effective semantic segmentation network for segmenting the
cow region from the 360-degree surveillance camera. The proposed network is a modified
version of the U-Net architecture. After detecting the cow regions, we classify the cow behaviors
(lying and standing) by using binary classification method, SVM (Support Vector Machine).
The stochastic model for calving time prediction is built by using absorbing Markov chain model
from counting the number of transition changes. Data are collected for continuously 72 hours
before giving birth from 25 Holstein dairy cattle from a large-scale dairy farm in Oita Prefecture,
Japan. The objective of this study is to build an accurate calving time prediction model based
on cow behavior changes around the time of calving by using image processing techniques and
to verify the statistical analysis of behavior changes in dairy cows during the calving period
could provide in designing the calving time prediction model.

The organization structure of thesis is as follows. In Chapter 1, the overall introduction of
this study and the objective of this study are represented. The detailed architecture of this study
is also illustrated. In Chapter 2, a literature review is described with a smooth-flowing discussion
of the research has already been done, what is known, what is unknown and what is contested
in relation to the cow region detection and the calving time prediction system in dairy cows. In
Chapter 3, the main contributions of this study related to the proposed methodology of cow
region detection are discussed with the experimental results. In Chapter 4, the stochastic model
of calving time prediction is implemented with the experimental results. In Chapter 5, the overall

discussion and conclusion are summarized.

In this proposed system, cow region detection and behaviors classification section by using




image processing techniques and calving time prediction section by using statistical analysis are
mainly included. In the first section, we mainly proposed a modified version of the U-Net
architecture for segmentation of cow regions by adding an additional module, ConvLSTM block
in the U-net architecture. The U-net architecture and ConvLSTM are mostly used in medical
imaging and in this research, we are applied these architectures for using cow region
segmentation. The advantages of this proposed method are it needs only very few annotation
images, can performs on touching and overlapping objects for the same class and can localize
and distinguish border is by doing classification on every pixel compared with other state-of-
the-art studies. The performance of the proposed architecture is better than that of original U-
Net architecture. After cow regions detection, we classify the cow behaviors (lying and standing)
by using SVM to determine the significant transition changes when the calving event is close to
occur.

In the second section, we collect and count the behavior changes of pregnant cows from the
video sequences of surveillance cameras in the individual calving pens and create the statistical
analysis dataset. Based on the statistical analysis data, we develop the calving time prediction
model by using an augmented Markov chain model. We used an approach based on statistical
analysis to predict calving time. Cow behavioral activities were recorded by human observers
performing a direct visual observation of each individual cow in the calving barn. The four types
of conditions include two postures and two transitions. They are defined as follows. L (Posture):
lying in the calving barn, LS (Transition): rising from a lying state to a standing state, S
(Posture): standing on all four legs and SL (Transition): changing from a standing state to a lying
state. Generally, absorbing Markov Chain is to investigate the behaviors any state for eventually
enters end state or absorbing state. In our case, the absorbing state is the event at which calving
occurs. In theory of Markov Chain, we can compute the time to entering an absorbing state and
probability of absorbing. So, we thought that it would be tractable to apply the absorbing Markov
Chain Model for calving time of a pregnant dairy cow. We also compare our proposed prediction
model with three other machine learning techniques: K-nearest Neighbors (KNN), Naive Bayes
(NB), and Support Vector Machine (SVM).

In conclusion, we have proposed a semantic segmentation framework for effective detection
of cow regions. With the advancement in the field of computer vision and artificial intelligence
humans are equipped with the technology that can help to track the cow’s activity and have
decision on making upon that. The proposed framework has introduced the ConvLSTM module
in the real U-Net architecture. We have also developed a five-state absorbing Markov chain
model to predict calving events. The suggested methods’ experimental findings demonstrate that
the prediction of calving time in dairy cows by combining image processing techniques and

statistical analysis has a great potential to implement in the future.
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