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ABSTRACT:

To reduce the disasters caused by wave overtopping affecting coastal highways and ports, this research project aims to analyze
the areas prone to wave overtopping using network camera monitoring systems and image interpretation technology, and to develop
an image-based overtopping warning system. Using the established camera systems, we will collect image data and analyze wave
run-up and overtopping situations, and transmit the data to the Transportation Technology Research Center (MOTC) for use as the
basis for overtopping warnings.

This research is a four-year project, and this year (2024) is the third year. The main goals for this year include developing
image interpretation technology for wave overtopping at the Port of Hualien, creating a machine learning overtopping model for the
port area, and maintaining and improving the existing overtopping observation and modeling systems. The image interpretation will
use both "optical" and "thermal imaging" to achieve day and night interpretation capabilities. The machine learning model will be
built using extensive simulations and machine learning techniques to establish a regression model, enabling future overtopping
forecasts for the port area. In terms of maintenance and improvement, we will maintain the monitoring system and model operations
for the Provincial Highway No. 11, and evaluate the feasibility of "LiDAR sensing for wave run-up" to enhance future run-
up/overtopping monitoring capabilities.

This year, the methodology and process for interpreting wave overtopping images at breakwaters have been completed.
Historical images of overtopping events were utilized for parameter calibration and refinement. The current approach can now assess
whether the images are suitable for overtopping analysis and determine the occurrence of overtopping, serving as a basis for machine
learning model validation and future breakwater overtopping alert systems. Regarding the development of the machine learning
overtopping model, the computational domain required for overtopping analysis at Hualien Harbor has been delineated, and the
digital terrain and grids have been established. Coastal wave fields and overtopping simulations have been conducted. Using Typhoon
Haikui in 2023 as a validation case, the false positive rate for overtopping events was approximately 14%, while the false negative
rate for non-overtopping events was about 8%. The simulation results from various events have been compiled as sample data for
the machine learning model. As for the feasibility evaluation of LIDAR sensors for wave run-up measurement, physical model tests
of run-up were conducted, with LiDAR employed as the measuring instrument. Simultaneous photography was performed to
facilitate comparison with the LIDAR measurements. Based on the outcomes, the processes and limitations required for LiDAR-
based measurements were assessed.

Additionally, efforts to interpret images of the Provincial Highway No. 11 continued this year, alongside the maintenance and
operation of run-up sensors and forecasting systems. In June, the control point measurements and sensor maintenance along the
section were completed. During this period, we also provided ongoing support for the development of the image-based run-up
warning system and the operational establishment of the forecasting and alert system for the Provincial Highway No. 11.
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Figure

0% for x 230 m

washed across the platform and
potentially washed out to sea.

Hazard Hazard .
Criteria Hazard Type 13
Category Name Legend
XPIF > 0% for x <2 m;
A Low & XPIF=0%forx=2  Background hazards -
m
Minimal XPIF > 0% for x <10 Some overwash of outer platform,
B m; & XPIF = 0% for x = restricted to rampart. Risk to visitors
overwash
10m on the outer platform. ——
x>0 orx< 10 et
Moderate m; & 0 < XPIF < 33% platform. Moderate risk to visitors
¢ overwash forx = 10-18 m; & near the Figure Eight Pool,
XPIF =0% for x 218 . 8 . _—
m particularly if they are not paying
attention to the ocean.
XPIF > 0% for x <10 Overwash extending past Figure
m; & 0 < XPIF < 33% Eight Pool. Very high risk to visitors
D Major for x=10-18 m; &0 <  on the outer platform and near the -
overwash  XPIF < 33% for x = Figure Eight Poolwho may suffer
18-30 m; & XPIF =0% severe injuries from being washed -
for x=30m across the platform.
Overwash extending over the entire
XPIF > 0% for x <10 platform. Extreme risk to visitors
E Extreme  m; & XPIF > 33% for x  anywhere on the platform. Very high -
overwash =10-30 m; & XPIF > risk of severe injuries from being

T kiR - Power etal.  (2017)
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W 318 FEBERTRREZ AR (BBERS)

W319 FEERFERRZ AREG BEERS)
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342 % A= Eivi

—

SR E R (Otsus Method) &_- ﬁé B g s B
#eod poAFE <2 K2 (Nobuyuki Otsu) 1979 &3 41 o 2B
ER R A )iﬂ"%»mﬁ SR EHSNEGTONERE 3‘5—34'%\" 25
I‘Z;% LG w;?*}r"Eb FAdge 2 ®@it }z/‘é" AR YR IR AR B
x£H N EE TR - LRSS - L E S S H A S
? ‘%» g bY o FIEEBELHEA LD TR
FIR B R GAP W ATE R o & § AR F A PF B FRER
—E_r‘s R Pk 0 oW 3.6 4Tr o AR BB nd & A 470
Tg» A E- @i - B A% hof 320 2 B 321 “F7 o 5 %%
GR-RRCACE BRI 3 TR el e R VAN 7 & §- S L B S N

3 Bl 3

W320 FEBRFARLZ - Gk (B 2ERS)

W 322 FEBRPRL2 (25 &8 (B BERS)

W 323 FEBRTFRARL2 {28 i (B EAETRF)



3.4.3 A% 2| %7

RER G AR T T H A LR D F PR N it
POHRFHEEY O FRn R s v BPEEXRTE 12% 5o R
A ALY 12% > P12 2 g w2 ifes 2 A% > F Z Bl E AR H 2 - B
322 2 B) 323 enm B HEE A B 5 20.72%% 9.42% > +< @] 3.6 %
372 5% % > 4cB 3.24 2 B 3.25 #71 o

B a Foreground Ratio = 20.72%

Wave Overtopping Occurred
W 3.24 TEBRFRRFHE L HBEE

2023709700003 00200 Foreground Ratio = 9.42%

No Wave Overtopping
W 325 FEERTE iﬁ,ﬁ.gyz B A EEELE. K- 0

3.5 i FE X

PR GIIRARL 2 LR B G REE e A LA
(B 53 8) SR rnf 235 B BI S - 8500 B %
AR AL S E L e AR TALA N F o KD S
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#r Taoppr ) SH> w TARpF
TER- PPN R - RPRG F AR R3e
e S E SR
WHAE ERE T BB B AR T EOEAEY 200 3 p
123 145022 16 pF >

4o
¥

= 12 10 P >
R R R 2

7

X FRA PR R F 4

2z

EHh ez

A A%E PP

lﬁjgﬂ

B A

IR STECE T

Gt ] BE G AR

Huﬁiikiﬁm@ﬁﬂ”%°*ﬂﬁ

» PR

Hppmy gAplg s -

BB v ER GBS S 80.83%
éf’@#ﬁ.:f%%$ﬂ%ﬁﬁiv%ﬁfﬁﬁﬁ

;§X$§Aﬁ$%gﬁa
ﬁ$%§4%§-%@3%wﬁ,ﬁﬁ‘% 1845 3801
s 4o 3.27 w3  #

FIR 5 7

SRR Y

R et R PR e AR KRR 0 PR AR % PR 30 2

T3 ANLE 2 0 o] 328 2 B 329 Hi
AlESREAL S FEnd

v e AL -
% 3-1 5 7
B Ry 2

FE PR HT P oA o 5 E
J"”\%’?‘a AR B R T

“’v‘}é‘:o

LR L RAZR IR -
Frft kaE 2 AR B 2

)L%~”4ﬁﬂ\
ﬁ&%”w]kﬁ”’gw%?%éﬁéwﬂ%%gk
B it PR i 4 MR

oy

L A F

£Ffﬂﬁﬁaﬁ

A% 2

D AR AR R S P
G SR T

&

ERTREEE-20 N

231 23 FHACBREAPABRARAFGFHR Y2 R
% B AR ik Sk
HEp FREL S-S - S-S
HPREF R Fo ‘o th SRR B2 1T W A B R T
. . p R K-mean 4 #2 p R K-mean 4 ¥
3 P4 =
ARAM B & 1 K-mean & ¥ R AR B
LEP G B RS G FEE | LFAPGLE TR
) ., rri Emﬁ,xg\ = ,J— J’-,—A\ \‘,?U};_k}g»bﬁ I%u-ﬁiiiﬁ%x’%\
& A 1
1T %‘r o T HETE pRHGATE | FEARERSITE T e
A% B BT R T AR A
g iokamy A %ﬁé TRALE | poproom|gea e Lok e
Boo B ARAL B k2 Jﬁ?i,di’ x T F A iB AR B R
A SUETEREA | e m g E e B gk Pk
H| AR 2 Lgg: (Bo % "i'“"*ﬂ ®)=23m | #7 8 F AR
2% B (B B F)22m | X PR BRI £ E
BHE I (Bd - F)>Im | FRAEL S W TG gz
4.*%@'(&’;&% ﬂ;_ﬂl:g)<1m jp‘»J j‘i%g%ﬁ\'ﬁ:‘ﬁ
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Wave Overtopping Occurred

F326 284&32 pREHE (-)

Bl TR Foreground Ratio = 23.99%

W 3.28 | ﬁ@*?-ié;ﬂ B (=)

Foreground Ratio = 9.19%

No Wave Overtopping

W 329 2@z afEg (2)
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Fri FTEERBEEVARRAEIS2

CEBENEBFAT G e AT Eo B et d e REA
TEH - BALIEESET d kT A BRABAARY S 4oE 4.1
SrET e R 0 AR RA G %ifﬁ'ﬁ%ﬁr%fril‘ﬁﬁiﬁ\& W
(AL ATRR) o ATK B E 1835 F o HkEEE 30 f o K
1865 A o d Wit g4 v x (F 0 5-1-1 &) ¥ oo LR AP RS
B B2 AR E 2 T Ao gt b TR B ORAT A L 3R
AEREGEHERER R 42 977 o BAiE R R AT ER
TREF TR AR (F) & o RAER i s (F)
LE o RAFARE 2 2% NGEh TRABE S FF SRR B
FTREARESNEPN R S RP RGO EOERT o QB
BT o Tt A1 PP BN ABLIH L  FERFRES
?{Aﬁ;’@ﬂ%%wﬁﬁﬁ@ﬁﬁ%ﬁ’éiﬁm§$zﬁﬁo

PR R R BAR AR BT AR S A R TR R AR
ﬁg‘%g? ﬁfi‘]ig‘::‘ Oﬂ'b%ﬁgl 'Fﬁ'&’\v r“il‘béu#iﬁ ’ %v— Fb-FA (ﬂ\
ER) SiFHERE (CRTaBElN) 2% A A 2R E

FY w2 P iEEFBEE Y HAE 2 LA B o TaiCOMS
20 SERFATT ST HA R AR RS S 5 F oK (114 &
B) FRGAITARRLTREE e 7oA 'Ffiﬁliﬁ' ARSI i NP
TaiCOMS2.0 FFHR FH I W EL ¥ #3]  s2 F R B & > 1@ sl /A%
ATERFTRPT L it o h(I3)ERLNFE-HETFERTHE
By AL A 5

il
o
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FERREWMENBR(MEE)TEER

FTHRKR TEREAPAZH A ERL 2

W42 FEEAPARZ BRLTHTEHE
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WTE K B EERE R R EE Y kg VAR IFF HT (Scott et
al.,2020) - % 41 g NS EWFFV 97 S ERBRTH A RS T
LB E AT TORE - GRS PR E om0 FRIL
B E H g RO R Rt eh® it g2 ] (da Silva et al., 2020)
AR A2 R A EEREFY SRS ARE P
I e~ BARGM R B R ?ﬁm@g#ﬁéﬁﬂﬁﬁ%
Ptz P i RARR E A 2 Ry BV LN I MRS 2
AR AT

(F)FL BEEEHN AR TR s LR F R
ARG RELF TR o AFFFA T BEET B RS SCHISM
[Semi-implicit Cross-scale Hydrosuence Integrated System Model,
(Zhangetal. 2016) ] i7 5 #ciE g 1 & o 305 5 dk-indm & 50
< £ WWM-III [Wind Wave Model 111, Roland et al. (2012)]+F fic%t
B b B LR e YEF R LR FHMN RICRAEAB I REPHL
i 5 2.7 4 (Hsiao et al., 2020[a] ; Hsiao et al., 2020[b]) -

(Z)F 2z Fr bk ARE B 2% BEZF L FRAAREY
i% i B & B ;Y FUNWAVE [Fully Nonlinear Boussinesq Wave
Model] (Kirby et al., 1998):& {7 /& % ¥ Rk F-20 A% i > B3 4P
A J B TA LB R AR R T _ﬁ&'ﬁ%%ow
b AP IR ATHE > B ART A S TehB & TES
A A AR S AR EE2ZAE A P E LR
TR BRABSAPHRZBEFARLIE TR -

(Z)5 i ’ifz‘z:‘@%%“g? [RIEAEE: RUFERE . %‘*i';’f’;‘}i\?viﬁiﬁ»i@ﬁ%'ﬁ’
CHRITBEHR G TRORRE)TRRARA T TR
$%%°$%ﬁﬂvﬁpimz?@épz@% BB AEA
(Gaussian Process, GP) = V2 (T EH § o
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241 NPEFVERERIA/ARPFRIZAPMAY

42 e BEEy T AR R
WA | , :
Bakhtyar et | S it o , Hikged SR arren #i
al. (2008) 5 s Aﬁ# 3p 3 s R
| sy | 8 AT
Fip A 02 5

AR TR oA P 8B
Abolfathiet | M5 model | &4 @ T FE kfe? F ok | FRF

al. (2016) tree &L yf ¥ s (Hh)
451 4 35k TR E S
S i
BRRLNE ) gy i 7 AL B
Passarella et (Genetic @ T%Hé’ DT kA 0 T )
al. (2018) | Programming, | " .. .. _ / )
GP) 636 4 35 AL o R
32 ] /4‘ ‘_}_ R =
B ATiE AR ﬁwiaﬁﬁwmﬁ(%ﬁiﬁégdﬁij)
Beuzen et (2 XS E | 472 [ RE) 5 K- & 3 F 1B
al. (2019) A HE
FVa- ) | 2T S
425 e BaFRTR e S
o N L | e Bap T <l
PEOLOPIER s gamapre de
(2021) 3 e PR L A
e S
‘ ‘ o A gk R A ORGSR E |
EHP U B Hrif AL P /F . P "
X% F P

AlEFERSEBEFY HIARP

m%wﬂLéﬁ4%$§“V” FRETEERER; P ES
El B IFS CEEW LR AR YR AP EEV I
T ;mﬁﬁﬁpy WESYHAIT LR A& LR
AR B ApE Th o T2 hiA A G TR BT AR TR o

N

T,

3l

411 eV

A2t 4 5 SCHISM 22 FUNWAVE A Wit (7% % 3 & 2237 Alm
A HHEE o A HNAPM P 4o
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1. SCHISM i35t -

At FH Y SCHISM #3875 78 %if 52 1 &2 o SCHISM #-
5 % SELFE (Semi-implicit Eulerian-Lagrangian Finite Element
model, Zhang and Baptista, 2008) #-5% 2 sz i it 4> i@ * LFE N5
A F x> F @ % ik PFEE (time step) E(THEE 0 F X
Courant—Friedrichs—Lewy #£& =_ ix & T (CFL stability
constraints) ° SELFE £ SCHISM FIH ¥ 4 o i+ ~ 2 P2 3 RE
it ¢ AR ZRT Ak @R (Zhang et al., 2011) % &
Bo5I3R2 483 & ROk R b e R F 3% (Wang et al, 2014 5 Chen
and Liu, 2016) % o SCHISM #-5% 5 -8 & #5306 WWM-III
(Wind Wave Model I1I, Roland et al., 2012) ¥ ficktde b b /U7 %  if
i SCHISM #i3N#-h i ~ 7R T35 &2-ke 3 42383 b (L0
oA WWM-IIL B3 B ds 54 4 @vho s Aok 4 58 - 1
FXA PP A ET E Sk o s RGN AL e 5
R S ERECE > R W AR 0 4ol 43 o 0 B
BER)BTA S RF A gL AR TR A S FEREREERR
E

SCHISM Modeling System
Tidal Marsh

Sediment
MM} ™\ mivoR; csTs;
SED2D} Generic tracer
Model Turbulence
{coTm}
Relative I
Sea-level
Ri >
e Hydrostatic
Short waves - Air-sea - Hydraulics Data assimilation
(WWM-1I1) exchange {PDAF}
I - Vegetation - Inundation
Water quality / I Particle
(CE~QUAi~ICM) . tracking
7 Age \
Ecology/biology Oil spill g
{CoSINE ; ECOSIMm2.0} e {VELA-OIL} Oil spill

Status of models: Open-released / In-development / Free-from-web

{modelname}/(___]): Dynamic Core

R kR ¢ Schism 4 (https://ccrm.vims.edu/schismweb/)

¥ 4.3 SCHISM #3% 2 0]
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BRI S G R REMA 2 T G - 4 SCHISM 3
(SCHISM-2D) it 7 i % #45% o SCHISM-2D £ 3t 4% -k R ¢ % < 5
Ko RKfFN K3 4258 (shallow-water equations) 2. p d &% F & &2
ZRA e 2 o F N AEET - kA 2N e 441 R 423 Aar

877+6uH+8vH 0 (4-1)
oy
T t T — Tix 4-2)
T <
ax{ Lo poH
L T 9(77—av7)+5}+75y”fy_rby (4-3)
Dt oy Po PoH

HY oqxy2)apd e g/ H=nkxy) +hExy) s &-kix T
pd e A4t A% RMKY) ) ux Yy z)E V(XY )5 x &
Yy arR TR A FRTF]F g E A e R RV
A o G F e BN TFS L p i 5T KRB A PARY DB
diRm 2 A F B RN R TRATxy I e s BTy Ty
PPN W INVI U

= p,C, \/(w W, )W, (4-4)

= p,C, \/(W W, )W, (4-5)

N

e o WefrW, 8] S §E3Ep d &G (free-surface) 10 2 2 B f2
XBy I3 ehhiE p i i F RAECehh IS ik CoenlicE g
b ®ma+ o 2Ra > Powelletal. (2003) F 3K C B F & K 2
+ 2 o SCHISM-2D ® C,¥2 & = b i W el T2 > 4ot 4-6 9757 ¢

(0.61 + 0.063 x 6.0), W< 60
C,=1x1073] (0.61+0.063W),  60<W <50.0 (4-6)
(0.61 + 0.063 x 50.0), W > 50.0

FeiRif B 3 5o o R RO gk T gl AR Y R
Bt 3t x sy o A BTy~ 7, TN 47 48 #7

4-6



o = PCoA/ (U +V)U (4-7)
Ty, = PCo/ (U+V)*V (4-8)

#d 5C 5 AA#ES b >t SCHISM-2D ¢ » ¥ %5 § % 2 3N
(Manning’s formula) 3+ & {3 £ ¥ » 403 4-9 #77 :

_ gnz JHY (4-9)

Ryp 2 @B AR ERE Tl on B35 ¢ X 25 002504 2
B3 (49) VA GRERFR H o %1 o 1 BTy s b5 1422
FEHEA L x~y > w22 % 0 % Longuet-Higgins and Stewart
ﬂ%zwﬂypmd%wﬁpL%é’?uﬁ4m\4U%ﬁi

r o=— aSxx _ aSX)’ (4-10)
rx ox ay
r =— aSxy aSyy (4-11)
Y oX oy
Sxx ‘Sxy;;ias Pialk’j_}@" REZAE 0 d R %3—5\‘;"‘-%;7 [ fliiﬁ:

Battjes (1974) eri!tHLEf?ig P T UGN 4-12 3 4-13 &7

ﬁo a—gsm )dodo (4-12)
00
27 © C 1
SXy = Syx = ija[C—g(c052(9)+l)—§:|d0do- (4-13)
00 p

C, /. 1
—g(sm2(9)+1)—§}d9da (4-14)
p
HeY » NEZAIT* 2R (wave action density) » 0 5 b ;X2 4p ¥ £
HF gk CoBEC A B & TR ZFHRRE APER o
AR G j\z‘-‘-é:j%’}i ¥ = ,qug&)k JLECY WWM-IIT
(Wind Wave Model III, Roland et al. 2012) #5437 Al HL % 1 e o
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AT &E‘r’r-ﬂﬁﬂ)‘ Eigkrayas o b 3> m SCHISM #% * &0
%:%%&&uﬁ»#ﬁ% TR SRR A A e )
(phase-averaged) =W 3 b jAHCN AL 3 s B NG RSB R Y
(Komenetal., 1994) - WWM-III © 4 z% A4 ETAE D R
o @ e Tor i £k 82 4% (Suetal., 2018 ; Shihet
al., 2018) WWM-IIT #2328 28+ 2 B 4B 2 g2 4] = f238 o7t 4-15

ON +8(ng +u)N 0(C, +V)N 5(CN) 8(C,N) S

—+ + + — _tot
ot ox oy oo 60 o

(4-15)

o NG (6% BARATH CpiCoy s il x y S 92
AR uBvimE A3 w2 x~y AR oA AEEEF 050
w5 (¥ Cepao0 07 F2Z BHEFER S Corn AR R RAZ Rfro
SCHISM-2D 5% #-h ik ~ 7R TR B ke 3AZBET b

;o WWM-IIT B8 P #4554 4 @ vh - fys glkds 4 {58 > 1
PN et (LB 44) 0 At E s WWM #cipi & %
oo # FEHEwE 0% B e 5 360°0 & = 36 1 bin; 34T
BFH 2 BB frd Mg S U4~ B 5 0.03Hz 2 1.0Hz P4 &
36 i bin; - = 3 T % 2 241478 12 Hasselmann et al.(1985)3% !
z_ #3472 7 17 (Discretelnteraction Approximation, DIA)EJSZ ; %
KT B2 gt E (BattJes and Janssen, 1978) #7#& 407 = »
Frgk GBGK S 0783 R HF IR &Y g I ARIVEEG R
ek 3% e % % fie(peak enhancement factor) %% JONSWAP(JOint
North Sea WAve Project © Hasselmann etal., 1973)4 %3k 5 0.067 fr
33°

4 ¢ @ % SCHISM-WWM 48 & 7V B h b L Z & o

aE ek FEH R LG R s R e Bl 4.5 5N o2
VEEREREE A AT 0 B RER AT KR S ETOPOL £
B 6 A Bl s 200 2 B b TR 4R ARHEE bR
KA fFEHC T ﬁﬁ—/f@% PAR R R BB A AT LT
A
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nstructured gri

Wind velocity, depth-averaged current and

e — < water surface elevation > /S;: c—.

Radiation stress

SWHs * SSHs * Currents....

W 4.4 SCHISM-WWM-III 48 & 7% & ® (Chen et al., 2019)

AN
PAVAVAYAY
VAVAVAY,
VAVAVAVA.:

VAV

Vav.
V‘V
2\ VAVAVAY
00

>

g‘

AVAVA‘AVEE
VY

AY
O
4 N

N

Y4
SR
‘

SORS
SATVATATATS

7

vAAT VA
BERRSAORR
AT,

N/

4
2]

ava
LVAVAVAY.

W45 8% FRKEFVERERLSFE

2. FUNWAVE #i£35¢

*2EF iE 4P i+ f247 105 (phase-resolving) FUNWAVE % ficft
A% o % Shietal (2012)% B 2. % > 25414 Boussinesq
# 72N (FUNWAVE-TVD)ig {7 1F ALy 2 fdg A 45 0 foR 8 % 2
Boussinesq * #2 5% ip FRFMH A 0T 5 - BEER R T8
B4 swuofi b SeBRS R BT B4 25 eyt 4

L §)

16 2 % 4-17 (e ik £ £
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n+V-M=0 (4-16)

[ }rgHVn
H (4-17)
:H{u +U,-VU,+0,-Vu, -V, -V, -V, - R}

Hoe spi-kmd “his#BRKE-H=Rh+4n5 B KiE V=
(0/0x,0/0y) ~gs &£+ 4 B ~ TRt HPEF OBk, M=
Hf{ug + 0,3 5 K TR £ vuy 5 K iFz, = —0.531hiiz kT B w
B iy s TR R SYHOT (0W?) i FORFDT R o L 4-16
Frb 417 AN L FEfFE TS 2 ViFeVy S840 - V35 28
BRI BT 0 R 5 Aol $098 0 @ R~ AIVEHERIE TR
BB e B L 0 #mF T B Shietal (2016)

WA FP ARG EFTH AR TARL TR EEIR
P ok Tl s R X BT RsehA#H D c Aele A AP
2T AL T2 L E R kM o A4 58 SCHISM 5% &
FUNWAVE #5¢ e kg ppn 2 T A 2 p e 2 ¢ d SCHISM -

FUER TR B g2 % % FR(P W 02 TaiCOMS 2.0 3¢ i
BhRIEARERE LAY B ¢ 23 P R E e B i
B o Mt TALE S FUNWAVE H030 2 U 2 i 12 2 de g
K iE i 3 JRIE i 4 (Internal Source)¥? "1{%,3 D SR A ) & 2
Bobis AT BT FEREAPABRFRILF A » NITL IR
BoAGER o

Bl 4.6 2 ik A KFERIBGCTHER BETRHE Smo
AER A 3P PETES RRPRITEAD R RS B AT RS
Fpat S E(RE 3 E)S P pr o> LB IRET AL 7yae 113 &
B 0403 Bl ABER AR R R 1 15 BRLEN ~ B E RS
k2 KiFRE St 3 A2(RRIBACE] 4.6 YTT) e AR g U
A F AL E & RFL € 200m JRiFER A FAE 23 B AT T 2 il A o

ARAVIR(RERAP ARIZERBER Yk s 8ty
REF R FHRREREFEAEE CRAZAFRFZETFARP R
Yo Yy 57 7 (Choietal., 2019, Zheng et al., 2020, Torres et al., 2022)
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i
I

¥ 4v» FUNWAVE *" i3 B iipe - g 5 — 92 55 o
T AeT L

DiE* #F 0 FmmIad ook L7 a

FUNWAVE-TVD ¥ 347 e iz 5 *z%ﬁflp\ ) SN S I

KiFe B K f A B RIFE R AR % 2R 0] 3t m(Torres et al .,
2022) -

Q EHPEFEFRRBLI SEIEG R EIT o & (F o AUk s
B AR A 4 b e £ )60 B gk o
(3) % B a7 & 21 kiR et bl i+ 2% 1/15 > r2 adF HoAfE 2 -
(4) plipeag F st GRS AR NTRARI S ZEERAE
TRV S S
A0 DA U] ®AT T 37 FUNWAVE i 785855 % 1
BARMAT L ¢ > % 57 ik R b e Ok A (T R
I ABE A RN L c AP AR L e AT EEY A
AP RERKE REFEBARLIIR  HRRIFHTAIES SmxSm
(4B 4.7 21 B 4.8 wrﬁ) o gL b 32.34&#%12 A8 A ;ﬁt%é'il%’g:ﬁ;&&
BEFARFF AR OB AR EREFAFERGFET B> ZRR
TR o A REY 16.1s ~ 18.3s a‘;s’*’f CaseA ## % wifﬂﬁr%%i: )4
JLFHP 6.05~16.0s P+ * CaseB 35 K iE 7 #% o

W46 FTEEKRFFVERBEFTHE (AA13E57)
4-11



&% (CaseA)

] z
P A5

i

7

Yy LL

o

i

-
fh-

W 4.7
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W 4.8 B HCERE B & kiR 354 # (Case B)
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A12 B EF YV HIARP

Mot EE Y HAE S S g o d 3FA };%J%Xz’ﬂ TR (&
4-1) > % 27 A2 (GP)iv ¥ B TR 3 mmEd > ¥ o A At T
(Beuzenetal.,2019) e 233 H* GP T EF Y » H R 4o &7
it
(AT SRR S N i

AERBES Y U NEALS o dow BT A L PR
(training) ~ 2% % (validation)fcip| & (testing)2- * EAp % &£ & - H o
poa }I?ej TF S AR N blde o 5% :E # (random
selection) » % R % 3 (cross-validation) f= 4 & *T Z_# #k (stratified
sampling) % (Camus et al., 2011) -

Beuzen et al. (2019)% & 4 BE ¥ 33 RIFETFT 235 F
RoRFEVRRCVREY 2T e 2 Y - a0 TRFEH
WOR R FHMEAERREN wmEE R 2% o F]M > Beuzenet
al. (2019)# * &+ £ B /% ¥ ;2 (Maximum Dissimilarity Algorithm,
MDA) | #-FT & 530 ~ RFEoRIRE 2 * o

MDA # £ § & F# Y pENHJ ST LBPE A - L F
,;i:i]?ﬂ )lllﬁﬁ‘}l,#}&-_#’i%ﬂ%g)\b&i"}llzﬁﬁ‘} g‘:‘ﬂr}ﬁ\“m_—i?

o ERE Dy TR TR L o 53 MDA PVE R A
SR AL > HARAAE SR 2 TR s P st U
AL B TACRIEL o
2. % ETEALIH B AR

TR AT RS A AT RS - AR
MEFRF(Be SN Bkt V- ARIEL BT
FARBE TR AR PN R GEL AR HOER
BMERBIW NI E 5 S g om — fA7 3V endd BE AT B TR
B2 AREE AR R E IV B AT e E AL B € 1 DR A hIE R
o ApFen 8- 7 RIT R ATF T ONRE 7 A 1
EFIREnE% cGP T L ik 5 AN oGP F I E 1 S B
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e TR AL ERESTRIE(S B GP AT A2L T 450 ) d
ﬁp oo
GP 2% 5 "T%EE & H¥ Ty K‘I;Q:A—F 245 A
#7 4 # (multivariate Gaussian distribution) o 4% #75% gzgl w B %o
WhHEFTHEOA T BT R A ABETAE O RF - BB
BB A7 0 4ot 4-18 ¢

2 gk

f (%) ~ N (u(X), k(X, %) (4-18)

HP oz 5B ES#H kK & = % 2 #icd#ic(covariance function) g
F#-+% 30 #c(kernel function) e
LR BB ARG A AR L T gk ®
B #c S #c (squared exponential covariance function) » 43t 4-19 :
b

k(xi,xj)zaf exp{-Z%(xM -xd’j)z} (4-19)

d=1 d

H P oo fel i 4 Sdc(hyperparameters) > 4 W] it £ % B £ fod ¥
fvehge [l -

B 4.9 5 GP &3+ & 3P (Beuzenetal., 2019) BRF SEF A
A ok 2% § TR 49) ) 0 U~ B
T EAR)ROFPE I Bk 2% enT o A A T
(B 4.9(b)) o 1€_GP-L 2k it & ¥ ¥ & GP #-4] & A 1 BB BB & 17
B TR TR 2 AWERIE G APy P AT it HEkx 2%mA
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