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ABSTRACT

Keywords : Al ~ 10T ~ Structural safety monitoring

Taiwan is located on the Circum-Pacific belt and at a compressive tectonic boundary, so frequent
earthquakes often pose a threat to people’s lives and property. As the technologies of 10T and Al have
matured over time, applying them to the structural safety monitoring system is increasingly being put
into practice. Therefore, this research aims to combine IoT and Al technologies to collect and analyze
relevant data of buildings’ structure before and after an earthquake, to help better protect people’s lives
and property.

By collecting structural safety monitoring data gathered and evaluated by AloT technologies at home
and abroad, the research aims to understand current feasible methods for structural safety monitoring
and analysis, and to discuss a range of applications of combining Al and loT technologies for structural
monitoring and analyzing, in order to reduce the manpower required for monitoring. In addition, by
using long-term monitoring and ambient vibration measurements, the research selects a field to serve
as evidence for evaluating structural safety monitoring. Through real-time monitoring and data
collection, the research seeks to prove the feasibility of applying Al to analyzing the structural status of
buildings, and to establish operational processes for long-term monitoring and ambient vibration
measurement. Moreover, by discussing laws and policies as well as dissemination, the research
proposes possible ways to promote the application of AloT to monitor structural safety and hopes to
reduce future resistance to adoption of these technologies.

This research adopts relevant AloT technologies to collect related structural data of buildings before
and after an earthquake automatically. Meanwhile, it immediately identifies potential problems in a
building to assist the owners and management entities in doing advance preparation, and also serves as
a reference for emergency response and restoration measures after accidents. Make use of smart
technologies to protect people’s lives and property, and to build a smart city so people may enjoy a

good and prosperous life.












»

- F

=
gg

F-8 FrEBaT R

oA BAE o e PF 10T &2 Al $4ep AR Rl ~ B PR 0 doit B 8 loT 22 Al 4>
fbs B AP bR BT ORN A b B R T R A AL S e

CRFE R FETRE R LG F R R R E R BT R SR
4

F_*

‘?‘*
F"&

PAAZ 2 TR T EZESITERSI

AT E R E 10T & Al $irds i Riedrk p B W B S A Ay BB 440 M By
PREpdRd e i #F A RS > AT LI A1 F B AR REr T EESR
R o

AP G A GEEE AlOT EHERIZMFERA B L AREDERTEEFT T
BRAIEE B9 el BUAERE % » A B HremE R RS 0 2 LRPEEF R
EARRAE o MR RN T AE 2 AHETRITH > R IR BEL LTS - XERD
fRiE A SR LE TR RFE ARG T AT LIRS o P hA Ao

- ~AloT 2@ P X 2T PIIERE 2 W FAZ XEE R - AT ES

BoF AT+ REHP T P2 HdrBERD T2 2 T REG LB RN BE R 25k

= AL AT Bt A R 4 F R AL #7" SR ALATE 2 10T Heie (7 af &
PERREL Y PR ﬁ*ﬁ% FAORATHARMIZ RGBS R
@R

AT EH ZRIFPEFERATEE S BY 28 RUEUAITERE - Ao EERRERS R
BERBEerr AT AR AR RS HARGEZ poHEAFr P 2 RFRFF
feo P AR R gRPE R PR B AT R - REEY AloT HiEH
EREFEFTR ) PERI UERAFERM AR B RAAS A TR

Ji

HE % o

2~ Jad AlOT FFE T2 AP 2af B 4 3= 4 2 &% loT & Al HjlFE - Rissrik
R R e L T R TTE TNy N

WocE -



%7 % AloT ﬁ?ﬁﬁfifﬁ%%fﬁi PERZRE  AFET Y RY RIS R

EIRNE RIS N I SR VRE A ER T RREERS- AR E R A bR

‘)i
>P

+ %‘:%?h&r@m{ﬁpplﬂ /ﬁﬁ'ﬁ/? ,—T,%é-& FYIE (TR I E,Eﬂ&*\"{(‘-ﬁr'—f :
(-) B % £ 0% 00 47

(=) ®* %R

(Z) ZR® = 7 EIEN

() ZARB» T3k ¥ TR

(T) Hdspal s R (P mESY) i
() AF7HBHA

ARG E R S EPSL F G B 2 B3R P43 A P F & )RR
FH(OF FAE/TF Afr) A wlfed 2 B R LIE R R4 B o
B B3I ehy Rk R ek 2chhe @ BT RN B P RRT PIR

FEAE 2 SR iR iy BRI A GBI AT L Ik < RE A



-
7F
[
GL
[ B3F

Bl2-1 £ TP B KRS E8T 3B
SF B RRFOAEE L rL 0T 050 p o oy 0 ST B BIEIdR Y Al e

MR ERIPI P T APLEFET - IMIRERFL AR Fr RF 2 1281
- ENERAPR CEEEER D RS ERGLE

MR B RIFIR LD LT EERIRA > 7 BHERNTTRRE SR
BeirBchy L 5 m b X INF IR ZoE AR BRI GE RIK & THU,E\; Rg o el ok
B REDETPR S - BIEFS §RE I ffé:}%’, i8> kg T a LR 5 £
PHLT0E - EREARATEFYLIIEX o

AL HARERPTRE R ESE AR R E RN EPSL B R 1A

TR REDRFRTEABRES BRI FONEAA 0 & - W LE =8y

-8 ZH %

,ﬁa—%—% fi« 1‘&? ’ +' ;J— 73‘;’ ’ J\’T‘ i~ B %“Tﬁfﬂ.&\ﬁc~ tﬁf’r v /PIJ

]

$ /" % g]‘éf"r .

F



[ ] 7F

[ ]

[ ]

[ ]

[ ]

[ ]

] GL
[ B3F

B 2-2 HciR B RIH BRE £8 7 LB
S8 FBRELSITAP

FHERLE LS Ry TREFOF B B BESESRE S R R LTS

R RN TR R ARk 2
AP EEDERIS RREERSE BRI P S FH AR AR ER H T

FRgAT AN LAPNF e 7R ARR B A AR R AR B

Rl

HE 2R
MR BRI BRBEEEE - B XETERT > ERATTRERS B
BRI iy o B RS S R AR AN RIRAR L ¢ § RS

FRT 0 EE SRR R T RS 23R -



F-8 LRFEIEEE

B

Bﬁuiéﬁﬁﬁﬁﬁi’lkﬁ%ﬁﬁﬂﬁﬁ%ﬂ

e 745 0 RPIE

iﬂﬁﬁ%@&&%ﬁ°ﬁiﬁﬁ%%@ﬁEW%ﬁw%@i’%ﬁ%ﬁ@ﬁ\

BT R S B HEE B eGSR E )

B HHET & chBEA YT 2 0 U2

AT AICE F A o

THEE R XYY Wabr 5k

AR LA SR F%

7F

GL

| B2F

M= B A EREH

EEIERi E{EEim

Bl 3-1 B ApE 5 5 inl iF £ A2 W)

ik RIEAL @ 43;;%@:;1 v ERR PRI G fie % 4T B 3-2:

{ S I o

- AT G AR ERR R ET G e ¥ 40T B 3-3

BI3-2 7T Ak A > 2R PRI G il 2P B

.
. o

OO

3-8~ 465 5 AREA - S HEMET 5 R RPN



RS 6 R R B A M RE T RA S B )

o
=
bl
K
9

= I?IJ ~ A %j&

Al AL BT RIS K 4o 34

20F
= - = 15F
— B
5k
10F
|
5F
= .
- GL 6L

3438328 (2) ~ArANEH (£) TRARZ 5 REP B

= I?J S8 V'Ui‘—ﬁ-»%/é’

BB A B E R

(=)ERIAGE - e 4 T R SR
(Z)E R R - 4eid A (210,£29)

(= )# i # [ : >150dB

(2)1 iEg R © -20°C~+70°C (& 2+ )

(I)p k& @ IP67 (212})

(-)AD f2¥7 & @ 24 =R
(= )P~ & : 200Hz

(MERTFTH FRFE (D) I@ETE (Fp-5)
ARASHED LR

(-)ZRAN 0 Z e M T S (MEMS) 4 B -
(=)2 R : 4\::@&%(¢2g,¢4g)

(= )% i § & : >100dB

()1 €8 R @ -20°C~+70°C (& 1+ )

() kEm @ P67 (210 +)

()AD j2t5 & @ 24 =R

(= )B4 % : 200Hz

(MERIFTHR ¥ 2FE (2 &)



=~ IR ERIAAR

-\1\14

4‘;':":t:IL)EZE/FJ”&_‘—}JF-/H ﬁi’ ?A\;‘% i%

T\4
a

R4 5 TRPIUBLD St | 4oF) 350 3t H 7

I

)

PR R RS AR ) Sl S o Bl KR (5 ~T A4) TR .

>

o)

LA

i\4
EIS

"L EREER AR 363 LA (P kTl ) XENERRE -

o

BEPIFE > BRSy > EXERIPFFS A~ 402 (Sampling Rate 200Hz ) - & & F Al 3

e

ES

TR S A 4T 0 @] 4 A 4 (Natural frequency) £z 42 (mode shape) © % = 384 ; Mok T pe

EER 4rRI3-T i‘.f‘%f##% K E S AR § 22 w48 & (couple) 0 Flt F R

BPEESRERASY - ZREENSHRETIE PR EE TR BRERE o KA BE R FE e
 FORARR A S A 4T 0 ) g 4d # 4 8 (Natural frequency) #2 422 (mode shape ) -

I

EHEKEER

KFEREEH

SHEARORAMER
fgE10mELE

il
]
=~

ERMRER

AR
FHAHRERRE

BEMFHELL

AR
EREF—fE

ELEAME
EhEimE BERSELLE
BERMMELL

&
B ik

ABRETE

BHARDE
SEREFFT)
REREA

BHERE
BRER

PR S Y I 1) AR
TR AR LA
JJEM
B 3-5 fcdr LRl gL R I ARR] B 3-6 £ F fe ¥ £ RIF R IR B 3-7 kT £ R ERIALR]

BHPLIREER BRETECE > 2EOMRFE L CHIT o 4 VSR FR o
BEfd - e By (pd Sy a3e) DHHEEE (7 258%) 353 &~ BFROR
PHERERRE  BRFHREREGR LR B 3877 o RRIBFREF FTRHS 2
B TR EER G RHER o FWALRLPIEFE o BPIEF T SARRE R ek
LA RA O EHRRT FTLF AL ARF A G RE > SRR F0 W S HL F g

FA (BA Imm 2T ) gigEs g o

5 K 10 %




|
10F
-l
-
- 5F
- |
— -
|
= N 1 6L
15 & 20 %
= 20F
15F —
-
- - 15F
10F =
|
- p— 10F
- SF —
- SF
- GL — o
30 & 50 &
P = 50F
30F
45F
= 25F 40F
= = 35F
20F
30F
15F 25F
: = 20F
= 10F - o
= 5F - 10F
5F
= GL
= GL

Bl 3-8 & 7 B i 2k~ & WI(5, 10, 15, 20, 30, 50 & ~ )

BAEFOKT el (R fhe ) P RBEF T 5 K SRR MEEA Y o FOMA L
T e kT o dy A-RTEE ZRIE LRIERESERI IR 2 2 HiE -
SERgRE (&) pE AP L e FR O BERIFFEION 2 o BRIEGR RS 4

Rt £ B4Ein BRI oA FAERI0 MM REMERRRLLEF IR




(] = e T - -
(=) -l (=]
=] =] = | = | -] = =
W39 & BT HART kTl BRERBE (6 8)
HFEERIRETT B NFRARF - ERFE LT R F R ] Ky g

FER

(-)&

(=)E

B S

I

(2)8 fi 4 7

()1 i8R

(T ) k&%

Zphe 4 TN e R A R
Svif & 3H(20.50,+10) ~ i# & 3+ (x0.1m/s
: >140dB
-20°C ~ +70°C (& 1+ )

P67 (& 121 )

(+)AD j2t5 & 24 =~
(=) %

: 200Hz

o8 AloTZ2HAF T 2T RAE* 3 A

PR Pl R Redrk o SERRIY L AR BRSO ER

REFNLEFE RIFE - A KT %‘gtb B R el 3 gtJ.;f,;Egng@f;%%@%%

WoHNAEREA S T EVRRFEA R ERY  FAEIETRBAET

i

il

BRI E AL R A Ao TP A BT RS BT kT

ﬁé} BRI PFREHM O FLRARZ TR o X ?L\;F’#Z%'JE']? RN N N L

LT P R X RF ehm o 5l L E G g o
Y k&
PRRIFEHLZEAL GG B R AL DS S o R B



Bob o ST O T PR R R AR R AR TR
= .rvl[; ﬁﬁrgﬁm&%gﬁo
(2) REpEAAT
A R Al p B ATERAS DT R BT R EF AP Y B

FHFRFRE- Bkl BliEd d A4 F A Tt N e R

W

A AN BRGER M RES E%%f,'}m)ﬁ .

B BRI AL BT - SAIRBERIFL AR T2 FA L xBApF D AR RF
B R enAERCER AR T R G AR o Kk
FRER L AFENIEAL R I WA TR B AT s F A kgL B RAH

WE Rz (8 BATR R R TR R F S

ZAPEFREFS AR A r 1 P AI T AFEFMIRER T AR
TR EATRIE AT R I ART 3 A pp ey o AL AR 1Ry BEI S

Hendh B 1e 5 3 AERE g -
z o FRER S R

BuZifaps BRI RERG EEZEAF TR B A PO

h—\
=k
A
ki
B
Ky
A

FEBALIENE V RBEHREFDOEE P FFRBEEE A RFE- PS4
BEHEH AT EC CRFAEC T 2R
FLREFALIRAL CFRAAT R 2 THRIAEFRE AL 2RAEAT R
Bt o X T R R R FE TR R SRR AR RS S ik
P ERAROHHE AT TR AR B G oe B 0T A LR R R R A
Pt WE T OT AT F kame o
PENCE R TS L LR
BORKRSE 10T HiF > Fd TR TPERH itk o Flut ¥ RRK B Rtz A

10



Fooblheih g G2 FHER YL ERS LA AP ARE SR R ST e

PERE AL a7 TR R E2 AP hRHRIR TR R CERAS L
YenagF e o

SRR DRI L SRR O R § M0 RIIIERAR D Web API IR

o g Ew BR Y A A U kR A kiR s B RE R L RTRE
B BT -
I~ ERIFA G

E9 gl ot R plenlicf o 458 10T R & g T RRIR (Y 2 ) FTA 178 SR

B ¥ 23043 57 % hfE o

¥ OLRAE D chk R A PE S BRI DR RRMATE B Aeie s TR ER RS
BET AT AT Al AT - A BT A BOET P RS ERSHEL 2 A

o X REETBEY 2 FTRTHRELIL P PRMEETHE
AETEFZABRRDE > Y BRIRBI L S ehn oo ZR B RRr chL A2 H G
1B GlAeR s R Fho TR FORE A g G2 R R AESE AT
M E R4 20 REEAAMEEBEET  FRLATEASHEE RS > &R 75 %
FrRARF RIEAL Y SSEMBZ A SHEAY & o Fipge A 5uld P L d g ish

B 3 |?+§§Pg,§?,___o v ?ﬁkﬁﬁgp %ﬁr} jﬁ:g@ﬁg@}é ﬁ*@l’\%:ﬁi*’m* N T J_FLiJ#

i

Mrcs B2 A Y 2R c#2IFBMAT HFETHY R A8 BT E

;6;_«31 °

=8 MR THH

-~ T2 AP e BRI S RN AR AR R

gp TR R RR PR R ¥ I3 P R T G REM E ks Rl §

WM AS AF TS AP L RS RE AN AR PSP BRET
BA TR SRR L G M AN R PSS AT PR Y RS Wy

LERFFRREE RGRE 0 W R TR -



A AR RAPMA TR Y Ol PR ABHE L TT R Rt 2 S AP
PR B A AP F T 2 TR T IR S ER A g x

2
Bikeutd s VLG HEE AloTE A% 2T -
BN PP T E RS I ER S
ARERARASEFROE > FRZ R TT FRPEAL TG L R Y A Ragd
Ry g AR A RAEZ 2 VIR CHO)(h)LFERBMETL R WLp

“AthE TGN

=
NS

>#¢£ﬁ2+w4fﬁw*%%ow>w@wz@ﬁ%’@aéﬁ%%ﬁ
AR & FEAPBMRT L L RPN IR ARG AR

% 3=
e g LB APMY o B KR 2 Z2HY 0 SRR REFETR o

3
_
s
"
_g_.

AL 2RAEES YRR - HRPTREFE 2R ALY o
Blodh T2ApF 22 2hb @2 982, ¥ 3R T2AF 2T 2ty
FRAT - VBN E RE X 2R R A - RN TR A P AR
TR R A SAREAF S L 2 AT WER -

s A R AR MR T

Ji

PR AR Y Are v o B RS TE RIS ENRZRE L T Ra FRER
e DB E R A4 BRF TR BRI ARTRE R0 RS bR

FORHE A AR R TR RIS o Bl AloT R FE A p B F 2
BT R EATORA S S 2 R A S R AR

w R R A AR MR

-

B b %ﬂiﬁﬁfﬁiﬁiﬁﬂﬂﬂi%@Mﬁﬁi‘&iﬁﬁ?%iéﬁﬁfﬁ

R R e TS (ATERGREEAE B 13652 T g2 E g

REFERFHRPIEE 5O G TR FERF ARG BR80T
UATEAFH AR RS | % 1812 T35 %2 X ESAF S AFHRErEE ) ¥ 1L FR

/H}

’@%iﬁwﬁiﬁ%%%’@?*p“m(“) LR R CRE S O (L
%

‘-\\1-
M

E o I ER YR e EES R (P ) AP PMENRES

-n\f

P Mg E ey A EMAFRE ERTVERTD S - TREANIFR

12



SEESHE 2R REFEARES 2 T HAIT L A FERIZHIRERIE S S0
T3y BHE 4RSS auEs o
I CrRAZASrARERTENEL S %4
REt R T ARE AL AR R TR LS54 (108-110 #£) ;o H P A B 1 (FE

PSR RS ST 2APME L 0 T & FORL B PR A R R A R 2

*—h

Fo 3G S A ES ‘.‘s‘:;—ﬁ:é’ DA I R AT RS B A G My R B A 3&% 5 o 7 i
éﬁﬁ@xﬁﬁ*in%ﬂhLWALmﬂmb?tﬁ?*NdH%%#@Eﬁéﬁ—haﬁom

EAHFREFE2ARTEAY AFELE2EFATIRALLEF 20 B BTG E

—\«

B2 TR AR R R AP SRR BT S R el 2 AR i

TR e o

AR EP TR o FILERT A RMEORBHRSGED TR N 0 8 e B F RN

T B RF O iR B RN N4 o
%

HRRERELDERNEAY  XF XX BEPHRF - HW IR - A K3

BErR A nE A TRREVHRYAEF S REEIRY C B - S
PO AN PSR P RAF I FRA LA MERBET T L
LA o RBENRBEATRICL IR > HEMBR TR ks (B0 FB
B GATEERGS  HR Y AR ERPE ALY > FIL KA ALY ES PP T FHR
g cHIZRIFrREORAFT fHEoHNIEE AR GRMNGORE S 0 TER

BARERS R AE AR RAGR I F R FRE T

13



It

14

v RARBE

RIp 3tz A Ap e 2% 0 F 5Ly My %E,‘kj\“ﬁJ‘r%—kyglﬁJ‘Fﬁ;ﬁjy B
B H R A A TLER o $0F R TAPM AIOT BHEX 2T RIZEF > FE T RS 2
PERBER ML > HReEF R o E s TSRV A e ARG A
EEFT  HAHTELDERRES AW EFAIRE RIS A 0 F R RRET 0 B 4

SR



A re
Fri BHmAER
AT RS T B P AIOT BaE FE RS ST 2 E ORI TR EovE FREIL
FREE 1 AR ESRE o 7 EA “L’]‘#_p_/? |otrenR o BEFEEREERRAE > FELAL

\..

X'

¥74& F *ﬁ 27l 22 LT RE MR ER 2 FENE RS T D ERICRE 2 ERR

o

5 oA £ AT % 502 RSB EE R A R d ins 5 RN e ds pranpe 4 o

F- % %

)

CAlOT 2 A S p B B R P R v P

Jo b BPp AloT e 2 A g€ 2 ERIZ FTH T Ep w7 fﬁﬁ?ﬁ%ﬁimd
Bt T ALFEZ loT $iis & SHEE RIE AT ™ ook 0 R0 ERIPFFATR
1k 4 o

S EEFEEE O WEEF SR D ERI2 MR E R

AFPTWERHMATEE L BRRIL L EIOT R P EHTETRAE > TEFAHMBEER -

?%%@1i%%%@i§ﬂ&%*ﬂ£2§% BRITE TR c AT R L iporE 2

=Rty o %11 Al A 5 3 Lf#}#% 27 A
SR ERBZAHVRER T PR L E RS B R R R

AFTHGRREZ A HREGE > TV R R AR RE ¢ﬁ;ﬁﬁ@ et 5
ERIMEEL F TR RN R RS RE T LR HEE 2 ¥ aanEr
%§’£§ﬁ$ﬁ< FREmL e WEHE - S EZERPENNRLEE BT Ul A

2B kIR RP OGS o T EZHEL 2

RS S R REEY R ES L Sy i

AEEG A rﬁ%#¢ﬁ£w#ﬂaw%§M1ﬁ%ﬁﬁﬁﬁéﬁﬁﬁ’ﬁ%%a%
%ﬁ~&ﬁcﬁ~gﬂ1;‘%ug%%ﬁia@ﬁ Rk T2y TEPTRLsL | &
TR B RE A ABAE > MY R b T R

I ~AlT * 2 ASHESHERIEY FrEi s
A YRR 2 ERR S e o 3 AlOT * W2 AR ESHE RIA kg
R YRR fafr R o MBS OES

15



16

W BRIEFER WA ALECARY o 27 (723K
APHEH P IR R F s N FINE A AT
ByHSH AR Rl Y S

AFTAR N AZHERAL T AR R FREAL L ALEA g B
FEREET PSS GoR SR T BB SRR 2 aifEd)ERE
Blo P TR E PR BB RE R RARAY ) D A BN Al TR o BT R R
AAHEFEM o TS EEAL AR R EERRS F KPRA SRR o et Ik

SRR T 0T LRI Y e R e R X RS

e Ty
AR~ A2 FRARRRE Sor 2 RERAPM R ¢ 7 2R
APESR P IR R F S N FINE AT AT
FRPESB L A RAT FOR S MR A LAY

A RMEE AR TR FRERRRE o SR (AT R 2 X EEASE
ZRGEAD o der AloT £ RERIAPM R B 0 RS AP Sk immiEA Rl &
PAA S 2 o pLeb TRl v 29 o 2 B B AR L ATBEETH A N E SR BRGS0 R

o Bl 3R IMELIS Fade il B0 PR AR o

ZH=

SRR AL E L2 s p Y gl RLE Y EY 2R
LPEHEM R R 2

FARBBE ¢ N FOINE AT L AT S L BRSOy

R L H (PR R)BAAAL L RE S EE (B )32 R

&
i



EHERREBERCL PR > RFEEAF L 2T AUEFRET

172 i o

2ERr

Joboat ot BREBPLAT e~ MR BRI P R R
ERELs 0 B LT B

PR LN TR AR L N S T R

L

At g RS BT 32 R B AR 1 18 17 iR B

i%f‘éc o

e ¥
BRI RO R R R
i ?”%ﬁﬁ B S FrIRiE fﬁilﬁ ;E by

BApRS M D A2 K RRGALE

- % B ALDRA

EFEY R RS

FFLzr BRGALEFF > B PT ALY TR REL LY R FHIRERIZ

ProrEEE RREY o

EH

17



10.

11.

12.

18

42
AloT * &2 ¥ % & 48 0 L B £l &7 B % & F # » W 107 =& >
https://www.asmag.com.tw/showpost/11236.aspx °
2020 & 2R E X A AR T W B4 Flnde s AR LI RT IR RRLIY
Fept e o A F 110 £ o
Hart, GC. and Yao, JTP., “System identification in structural dynamics”, Journal of Engineering
Mechanics Division, ASCE; 103(EM®6), pp.1089-1104., 1977.
Ljung, L. and Stoica, T., Theory and Practice of Recursive Identification, Asco.Trade Typesetting
Ltd., Hong Kong., 1983.
Yun, C.B. and Shinozuka, M., “Program LINEARID for identification of linear structural
dynamic systems”, technical report, NCEER-90-0011, National Center for Earthquake
Engineering Research, Buffalo, N.Y., 1990.
Shinizuka, M. and Ghanem, R., “Structural system identification II: experimental verification”,
Journal of Engineering Mechanics, ASCE, 121(2), pp.265-273, 1995.
Ghanem, R. and Shinozuka, M., “Structural-system identification I: theory”, Journal of
Engineering Mechanics, ASCE, 121(2), pp.255-264, 1995.
Saridis, G.N., “Comparison of six on-line identification algorithm”, Automatica, 10, pp.69-79,
1974.
Farrar C.R., Worden K., “An introduction to structural health monitoring”, Philosophical
Transactions of the Royal Society of London A, 373, pp.303-315, 2007.
Sim S.H., Spencer B.F. Jr., “Decentralized strategies for monitoring structures using wireless
smart sensor networks”, Newmark Structural Engineering Laboratory Report Series, No. 019,
University of Illinois at Urbana-Champaign, 2009.
Mottershead J.E., Friswell M.L., “Model updating in structural dynamics”, a survey, Journal of
sound and vibration, 167(2), pp.347-375, 1993.

Zhang Q.W., Chang C.C., Chang T.Y.P., “Finite element model updating for structures with



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

parametric constraints”, Earthquake engineering & structural dynamics, 29(7), pp.927-944, 2000.
Jaishi B., Ren W.X., “Structural finite element model updating using ambient vibration test
results”, Journal of Structural Engineering, 131(4), pp.617-628, 2005.

Carden E.P., Fanning P., “Vibration based condition monitoring”, a review, Structural Health
Monitoring, 3(4), pp.355-377, 2004.

Berman A., “Inherently incomplete finite element model and its effects on model updating”,
AIAA Journal, 38(11), pp.2142-2146, 2000.

Casas J.R., Aparicio A.C., “Structural damage identification from dynamic-test data”, Journal of
Structural Engineering, 120(8), pp.2437-2450, 1994.

Wahab M.M.A., De Roeck G, Peeters B., “Parameterization of damage in reinforced concrete
structures using model updating”, Journal of Sound and Vibration, 228(4), pp.717-730, 1999.
Chen J.D., Loh C.H., “Tracking modal parameters of building structures from experimental
studies and earthquake response measurements”, Structural Health Monitoring, 16(5), pp.551-567,
2017.

Van Overschee P., De Moor B., “Subspace algorithms for the stochastic identification problem”,
30th IEEE Conference on Decision and Control, Brighton, UK, pp.1321-1326, 1991.

Pecters B., De Roeck G., “Reference-based stochastic subspace identification for output-only
modal analysis”, Mechanical Systems and Signal Processing, 13(6), pp.855-878, 1999.

Peeters B., De Roeck G., “Stochastic system identification for operational modal analysis”, a
review, Journal of Dynamic Systems, Measurement, and Control, 123(4), pp.659-667, 2001.
Brownjohn J.M.W., “Ambient vibration studies for system identification of tall buildings”,
Earthquake Engineering and Structural Dynamics, 32, pp.71-95, 2003.

Lynch J.P., Wang Y., Loh KJ, Yi J-H, Yun C-B, “Performance monitoring of the Geumdang
Bridge using a dense network of high-resolution wireless sensors”, Smart Materials and
Structures, 15, pp.1561-1575, 2006.

Siringoringo D.M., Fujino Y., “System identification of a suspension bridge from ambient

19



25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

20

vibration response”, Engineering Structures, 30, pp.462-477, 2008.

Weng J-H, Loh C-H, Lynch J.P., Lu K-C, Lin P-Y, Wang Y., “Output-only modal identification of
a cable-stayed bridge using wireless monitoring systems”, Engineering Structures, 30,
pp.1820-1830, 2008.

Chang C.M., Loh C.H., “Improved stochastic subspace system identification for structural health
monitoring”, Journal of Physics: Conference Series, 628, 012010,2015.

C. E. Shannon, "A Mathematical Theory of Communication,” The Bell System Technical Journal,
vol. 27, no. 3, pp. 379-423, 1948.92

A. N. Kolmogorov, "New Metric Invariant of Transitive Dynamical Systems and Endomorphisms
of Lebesgue Spaces,” Doklady of Russian Academy of Sciences, Vols. 119, N5, pp. 861-864,
1958.

S. M. Pincus, I. M. Gladstone and R. A. Ehrenkranz, "A regular statistic for medical data
analysis,” Journal of Clinical Monitoring, vol. 7, no. 4, pp. 335-345, 1991.

J. S. Richman and J. R. Moorman, "Physiological time-series analysis using approximate entropy
and sample entropy,” Am J Physiol Heart CircPhysiol, vol. 278, pp. H2039-H2049, 2000.

M. Costa, A. L. Goldberger and C. K. Peng, "Multi-scale entropy analysis of complex physiologic
time series,” Physical Review Letters, vol. 89, no. 6, pp. 068102-1-068102-4, 2002.

S. M. Pincus and B. H. Singer, "Randomness and degrees of irregularity,” Proc. Natl. Acad. Sci.
U.S.A,, vol. 93, no. 5, pp. 2083-2088, 1996.

J. S. Richman and J. R. Moorman, "Physiological time-series analysis using approximate entropy
and sample entropy,” Am J Physiol Heart CircPhysiol, vol. 278, pp. H2039-H2049, 2000.

S.D. Wu, C. W. Wu, S. G. Lin, C. C. Wang and K. Y. Lee, "Time series analysis using composite
multiscale entropy,” Entropy, vol. 15, no. 3, pp. 1069-1084, 2013.

Yin, Y.; Shang, P.G,; Feng, G.C. "Modified multiscale cross-entropy for complex time series. Appl.
Math. Comput. " 2016, 289,98-110.

X. F. Guan, Y. X. Wang and J. J. He, "A Probabilistic Damage Identification Method for Shear

Structure Components Based on Cross--Entropy Optimizations," Entropy, vol. 19, no. 1, p. 27,



37.

38.

39.

40.

41.

42.

43.

44,

2017.

B. Wimarshana, N. Wu and C. Wu, "Crack identification with parametric optimization of entropy
& wavelet transformation,” Structural Monitoring and Maintenance, vol. 4, no. 1, pp. 33--52,
2017.

Baogen Li and Guosheng Han, " Composite Multiscale Partial Cross-Sample Entropy Analysis
for Quantifying Intrinsic Similarity of Two Time Series Affected by Common External Factors,”
Entropy 2020, 22(9), 1003

Ma, Jianpeng; Han, Song; Li, Chengwei; Zhan, Liwei; Zhang, Guang-zhu. 2021. "A New Method
Based on Time-Varying Filtering Intrinsic Time-Scale Decomposition and General Refined
Composite Multiscale Sample Entropy for Rolling-Bearing Feature Extraction™ Entropy 23, no. 4:
451.

Belleri, A., Moaveni, B., & Restrepo, J. I. (2014). Damage assessment through structural
identification of a three-story large-scale precast concrete structure. Earthquake engineering &
structural dynamics, 43(1), 61-76.

Yousefianmoghadam, S., Behmanesh, 1., Stavridis, A., Moaveni, B., Nozari, A., & Sacco, A.
(2018). System identification and modeling of a dynamically tested and gradually damaged
10-story reinforced concrete building. Earthquake Engineering & Structural Dynamics, 47(1),
25-47.

Kerschen, G., Worden, K., Vakakis, A. F., & Golinval, J. C. (2006). Past, present and future of
nonlinear system identification in structural dynamics. Mechanical systems and signal processing,
20(3), 505-592.

Yuen, K. V., & Katafygiotis, L. S. (2005). Model updating using noisy response measurements
without knowledge of the input spectrum. Earthquake engineering & structural dynamics, 34(2),
167-187.

Skolnik, D., Lei, Y., Yu, E., & Wallace, J. W. (2006). Identification, model updating, and response

prediction of an instrumented 15-story steel-frame building. Earthquake Spectra, 22(3), 781-802

21



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

22

Park, JW., Sim, S.H. and Jung, H.J. (2013), “Displacement estimation using multimetric data
fusion”, IEEE/ASME Transactions on Mechatronics, 18, 1675-1682.

Trapani, D., Maroni, A., Debiasi, E. and Zonta, D. (2015), “Uncertainty evaluation of
after-earthquake damage detection strategy”, in 2015 IEEE Workshop on Environmental, Energy,
and Structural Monitoring Systems, EESMS 2015 - Proceedings, ed, 125-130.

Ting Y. Hsu*, Quang V. Pham, Wei C. Chao, and Yuan S. Yang, “Post-earthquake Building Safety
Evaluation Using Consumer-grade Surveillance Cameras,” Smart Structures and Systems. 2020,
25(5): 531-541, DOI: https://doi.org/10.12989/sss.2020.25.5.531 (IF=3.622)

Ting-Yu Hsu*, Xiang-Ju Kuo, “PDP method to compensate for rotational effect when using a
single surveillance camera for interstory drift measurement,”Measurement Science and
Technology. 2020, 31(9), 095902. https://dx.doi.org/10.1088/1361-6501/ab833d

Ting-Yu Hsu*, Xiang-Ju Kuo, “A stand-alone smart camera system for on-line post-earthquake
building safety assessment,” Sensors. 2020, 20(12), 3374; doi:10.3390/s20123374

Chen, P. Y. (2021). A Data-Driven Framework for Regional Assessment of Seismically Vulnerable
Buildings (Doctoral dissertation, UCLA).

Yu, Q., Wang, C., McKenna, F., Stella, X. Y., Taciroglu, E., Cetiner, B., & Law, K. H. (2020).
Rapid visual screening of soft-story buildings from street view images using deep learning
classification. Earthquake Engineering and Engineering Vibration, 19(4), 827-838.

Yeum, C. M., Dyke, S. J., & Ramirez, J. (2018). Visual data classification in post-event building
reconnaissance. Engineering Structures, 155, 16-24.

Lu, X., Xu, Y., Tian, Y., Cetiner, B., & Taciroglu, E. A deep learning approach to rapid regional
post-event seismic damage assessment using time-frequency distributions of ground motions.
Earthquake Engineering & Structural Dynamics.

Wu, R. T., & Jahanshahi, M. R. (2019). Deep convolutional neural network for structural dynamic
response estimation and system identification. Journal of Engineering Mechanics, 145(1),
04018125.

Zhang, R., Liu, Y., & Sun, H. (2020). Physics-guided convolutional neural network (PhyCNN) for



data-driven seismic response modeling. Engineering Structures, 215, 110704.

23



ﬁ&&_

FRA A

I PHIB §25

M TP

1. % 3F:= ~Al2 10T #wi7mt 2 it
FEa Ay i‘”’ﬁ)&ﬂb" Fi e FF -l Al R Y
5|2 R Ap B e -

3 Lm’kﬁ_& EH I N

AP EERES R L P E R
Yoo W ER > P RMEHEF
oo Be g BB RAET 2R A
R e Poid ik f*t&%”ﬁ 2L
ERAEE ARM AT 2 KER
R Eé_éf{bﬁﬁm”‘ﬁ’ﬁj;
e 5 2R I R o

T 2 P iR B ORI A 4T o
; ;‘]_‘J{E\ EQ;EPFE,LL .
AP SRR

oY

i e
1\

W“

|
la)

@
s
A
(?-km

fro
L ¥
e

I

I
' R

-

N B ﬁ
)

f

<7

SR
Z
E4

o

W (e
i
%m&#

R

"
=

LA e Frik Nk

1 ZHMAHTF EH 2 k> tw

G EuEE s aE R oo

I AR o i

ot

EHE B2 P o R LR
MR ERE AT B R R

N

,{ o

2. S RATATHI D RETHIRE BRI ¢ HEF
HoEREP FRAH N PERAF R I ERAN T K
w2 AP (=L 7Y R &Y c L RTTER
A7 Jp iR B £ P TR bUidR (S iR a8 R o

Ed R A4

f,‘i B2

Rl A

gﬂiﬁéﬁ,$ﬂ§g£%

TATAR M IR BRI R oS
L& BH(=15) ﬁi’zy'%ﬁ—l r s g3k
/lﬁq_ﬁ_ BERA VUL T AR B EE
BB RCEROE RE B TR
ol -

rLR
EAZE R

BHRELE R

1. AIOT 4 FE i 1373 75 9780 F o

WAL R Lk

2. L3 #“qu‘»m@, L2 Al TTEL T B Y S
FHET FRZALH  ERAIAFFLTHTER M TRGE
F]g o

R

fmh

ﬁ@ﬁ@ég&?\ﬁ e ig
B Al BT SER SR
RS HEF B SRR
HhZE ALER? L8 LB
Pz Sl BiEE P+ £ ol kY
FOOAlL BA o T OB (R fe A e
IR B AR ARSI WESE 3 gl ] B
IR S i o I

2 R2

1<

\

24




FHRA A

nEasil) i

L2 pEF-PLEFLSEE RN
LR etk
FHR¥E2 &
1L ##g k" AlOT iR 7 Af < 2af i i &5 A E LS B fﬁh?ms@fwr‘ﬁ

ToOKRRBRSREAA AR T PR R R S o TR ¢—I-L\E‘Ti—]’,
ARV RAEE LA AR R RIS IFE S ZEFY L
RSy TR RBF A BRIRZ R Z U BRREY LT
AN HERTREFLATER AP IS EAVRELE
TE* ?ﬁb??ﬁﬁ%\l%*j’\o fﬂﬁﬂ"%ﬁﬁ@.‘z X b B AEZ B

CERRSEE Y BEES LR S LR
PRI TP N ¥
Foiwsd o

TER 2 |2 4% A2 5
R - 2 ﬁ”‘n‘—'fé;\ ° ﬁF R ELE

BEAE LN Ry By
£ A?&'LL Al 23] K pheb e B 79 en
BHE 2P K pow I FH R T
OB Tl ek B Y AL 3
Fenfles g oW s F R T EER
LR By e o~ K i Al R g
A I R gl A T

ITHFR
1L *FFHF7INFEEHERA2 AP RET PR AET TR %ﬁéiﬁ ' ¥
Pie (AT AP AFLY o
2. AFPFREPFALAERT AV LHEMITNFEL TRIE | L HTRT 5 AL ME S DA
EATH RS S EEEL S R RE S o BAZE B o 2R me 23k
S I e A SR L
';L'"‘—:‘J-i: °
3. % Nonlinear Static Pushover Analysis, 5 2-D #t#8, Bk L4 iE 2 | 2575 P ha 3t B# =5 > B8 R
EF o L AloT awfrg R e & 4 F ASCET7-16 @ 7 713%2 F | Plenficdp 8 B (7 LR A 7 71
B PR kB RO A TR F ok i Blde R R R P BT
Nonlinearincretmental Analysis(IDA)z¢ SPO2IDA z_ 3-D #ixit &~ | * IDA Fg R 3 &k kg & Kb ik
+fr B+ 3;%#%“%#% Ml S ¥c b =0, % =t interactive ¥t | =i enE g R 0 ¥ A @ % Pushover »
GEVE S (2 s lo R AL L RuRh - £ AFEEF R4 o
4 BRRECATFIMEAFAX I FEY RUIE RN A O RRY o= %ﬁlér e 2
A SO (LI Esﬁﬁr T HEZRAFTREVRE | 2R L8 R Ty 2K
Bk ML EE FL2 e iEefreefield Fl et i | R -2 T ELERFE
L QEVAE L ;?Lm ‘éf_f.%);’,_e s de g B2
BN A R Rk B S A
Todrk ARFRETUAFEHE
R BmBEE = o
5. i*‘i'”f’féﬁﬁﬁ%t#%i‘.\ﬂf?%?ﬁ”%f‘i%éi%ﬁ%“%(ii#’%ﬁﬁ“‘ Ul SRR SRER A I LB S T I
) Emp AREY o RGEILRAVIBHETHEFDLIR ) SR Jf#'#f'ri"‘? FACYR BT RIEY A
K

R Y OE TS RO R

- BA s A TR FR ‘/E'Hil'hf
#Fid o B R AR T FBA ¥

25



FHA A

1 ﬁ;ﬁ ,ﬁ-zy;

&SV PRI MR X AT
DS HE AN JRA IR - F]piT
oo mil g @ % AR Bk (7R o

BRI ERRE BT Y o F B P W ek T AR B
) KPP RBAVTIE ERod ERFARPEY B
BRI PERPBEAFT G M G2 RBRCETRS) -

£ P A R RN - ST R EE Uik
25 %’@QJW\ f*’%ﬁ‘ﬁ“%%ﬁﬁim’@%
Hypd ] AIOT 4 stie 7k seahu B8 10 %
o Hp ¥ E*vﬁ? X FRAgrpt o

B X e g seeniE

6. P14 K RFHEF = iE g, TR R AR A RETET WL R R R IRGS B

W R @ iR 2R A B aE *?’%3&’—1”}*"74?%"@%“@@1%@
i oo

7. RZER D ASHEMEKBRRRLIFFY AR - AR ES (2R IR ETRIT RS BH R
Bl 3 BEAF R SRS ARG VR R, FERR | IEAR LY AR P lE > F
®R,2E AT PR Z By A drdew, 0 S iﬁ:’*t..%ﬁé,fnmffﬁﬁ THERS AT PR & A ’J’f?ﬁm
AR ERTALTr R ER AL (FURAY S EETRT | REF TR EFR-LERAER -
B h RS R S E i)

FRAE R B T

1. #H3EAPd Brihoip daf ¥ 2 Tage g (950 # %

%’?L*%_-Eﬁﬂ ‘J’Jfﬁp_/? gk T E
Bl &‘;& ‘*f?ﬁf@;’vgﬁva\
= Jv,a,;\;

o aﬁﬂﬁ% TR ET R

R

EARIRERF LG

. ) A Ry A EH T 0 BRI
1. %%j@%%Q%%%ﬁﬁ@&wg@@mmmmy%ﬁﬁWﬂ SRR RTAURH T B R
WA KT R 8T

ERE R RRT DR R S R BB R |

e o B E Y 2 BB TREHAR
\ ] e P A i
2. FIRTRAMN-PEAFREZBILRATF AR) 424 R A T A .fﬁ
WA MAER R a o
e e e el I || Ly
)Lti“ i - /7»] >L>7. ‘u’ L
FTHOBRAARZEDLEL S I ABEAY  EREKST B f,,,ﬁ” = o i},
TR (4 R ) R R R - RELCTPEMRE - AR

= & AL ¥ < =
TR S ’ ST NG X ETE B  RARE
j\'li qu.;\l%\ri‘\j\i—io

. ) B Palert Plus &2 4k iv3k 35 %2 @ * ¥ f§ 3
3. peAlteid BE R &(Palert Plus)» .3 F @t £r0E RS A . % e ikf
AT HHER o BoATE MR ERG - E 0 PR KA
PRE R éﬁ%w&%*33HJj§¢*§
EHvwh oRexFEiZ R FEA
REp FEHETRELTREY 2R

el o

26




FHRA A

3 I PR 3

F oA BT E o TR AR E s
BRAM > F HIEHEAREY e
AR E B W RS R o

HEAPXRF B2 TR E Sy @

4. BHEHE EREDPERERACG RERFH) aF 43 gL R BAaime 3025042344
B R SGAREAFE RN R FFREE A PM& WAk E .Jiz
. . "Tﬂ—\ﬂ /?ll
e g T fRiE A e TN € JE= AP - o= o S SR -
}:_Bbf_y)ﬁ P et 7 A g M B Sk .Q%tgb—gliﬂ’xﬁ-m}j‘f"]}m——i
@ ’
BHPERFBETELEE R 8L
Rigr oo
3 HEFE A

1 R 10T Hif* AR ik ~ HEEA KR 452 % >
EAGrm B A S T otk = 2% krRl &
it TR RAFAAMAL OGRS LARFATHRALITRE
AT EA Aok LG Fes e

A g Al AloT Hpek gt es &
‘f#xﬁﬁ)@;" g P 0 T AR KB
Rimdt R 0 IR - B
RE GRS ASFERAF R L
Ao BEFELERATER LS
FAR§ RE AR AR
R URE S

2. PWAFTZERIED Ay THRE R, & TRERR
B2 BRI EBINLRRS TR G 07 B F RHALE
BRI A EVREBPM Y L2 RE RSB EG
FLUnF BERFS 2B aa R+ 2 ERIE D bldoip i 8

IEFEAREEAF TR ERA D A FRETILY
{i&-H2FF > w o

e

Bath o ARAEY RS
BT KR (Bt
;—%‘J—)o JELJ]‘#EIF&(%A,\*%—%/Z_\ ’J'l K}ﬁ}\@

AR RS > e ST AT

F % & building array £ # F 4L 1t 4
EFRT L SERBEY v A
FRECFL &F 5 AR o8
EREIEER A A TR A

¥ ?k’hl#"r%?‘% i“ IR Erg N 2%
IR A ke R T 0 E D
G e d B A AES BERLE - At
FELCLRB DT RE L B
A )

3. M BEWARMERIAE g AP ARRDTH B BEPN T
B SRR KT RS ROERT AR KRR R REE R L
FR o2 L3 uBEF ABERITELF RN 14
AT IE o

EHEE IO CHTEERMAEY &
T B8 22 %;’f;ﬁ;}%ﬁﬂﬁ;ﬂ?ﬁ:}i A
7]{}57?5‘213 AR '1’f i %‘im‘n °

MlelkEd

L FReFH22BAS B RFL S A 2 2k Ay

B Re % AR RIKREZ A B A
LRl gty M- f 2 0T 8 H R

27




FHA A

nEasil) i

IRk o B TR N o
ﬁ*ﬂé?@ﬁmﬁﬁﬂwéé PRl e e Lo

3R e FRRRELES

AT BN HE A
o e w2t N

x% °
T

.}4%
*

$
#1

28

"tk =

B AloT#iFeF2RAF X 2R TR RABREFHE AR A
&k LA
et AlOT Bt T2 A5 % 2 R 3 TR A 5 - 5 RAGE ¢
ik JESED
1. AloT e 72 A4 % 2 af R 4 3= du* o
2. BHEE AR ENEAR
3. Al E J_a_ FALRAE o Ao deiE Al ARE | 110/09/17(3 )
#3 { fr%‘ 10:00
4. ﬁﬁAbTﬁﬁ@F@ﬁ%iiﬁ%ﬁ*?%%i
L AR KZE BER B 4o B8 T fro
L % .
B ; B FE R
1. Z2HZ 7 EAlOT FHed* o Xz @k fMad s TR E
gAML PR P ELNERAF X 2 RN FRLF
o
2. BRFrwEERaEaaTd MRS cREET oREE
L j %gnmwwﬁ Efr FRFHREARET 2R AR
W A
3. ZHMRG FTHIEET OVES AIRLSFY W
APz TR - ﬁﬁJJ%f?iMﬁﬁ%M°
4, EHRTFET FTRBIOHGERE B AR R Y FRE
%?ﬂﬁgéﬁﬁﬁﬁ%ﬂ#’H*ﬁrﬁ%%mﬂﬁ*




s T

06 b AIOT JLATE (T2 e % 2RI 3251 o op 1
BoAR A R K Ae i R o FReDfE R T - e
Ty akh ﬁﬁzmﬂméT’a?ﬁup—%ﬁﬁ
I #77 /2> fos B3R - FLE - s Fur g
IDIERE 3 ) ) SRR S T A X kD

)
g

piy
3

A

|>»_

o

LS G R BE A PR A HINE T N
BOSFRFEGRE o blded - FEERT AR F P D5k
PR R RIAEFY Y w‘»‘#’%’:" ZEF SN S L
EETE AR R R A A TRE > ¥
MHESF R E Y TIRB ES KR F B sk
A - B LA 1 IERPE (I DA B - N S
-HFEREVIORE S oA ARFIGHEL 2%E -
ALl EERAR R R TS F B o B
HE i’#’i’#« AL SR 0 e fe 4ol D U AR
AR T AT A G REF DL o PRI R 4
BAIFEVRER > A HBE KD A hp REE
RE R AR A R R B L AR
¥4 s o
TR IR EH* KPS AERFeF 04
SEAT HEF2 AL X 2R 4 T o 72T
Wi BE- LFTEL TR KRR R o T
s BRI RS MG 2 > FHRT - - H
EP PR T ABER VG O FUTRES AR
FARFRED R A REFELFRARE S R
EH T BA- B A5

A
3‘/ Jot

=4

1o R P R R
=

™ IF

| ‘E‘L‘_};
b

—=
<
(24

[e
14
=1
9

T

PSR E R C R R AR R | 4 ¥
;?* L A8 T (o de ff«#iﬁ:’ REM) 2 FARTEL2Z2H G
BrrPm HEAAHE G ARG 28 ) I 7 K iEEH

29



30

PR et 2R REERMANY F M -

el e Al P T "’k’"‘uf#-li')‘i‘iz?w'&’ B %

TR ERA > SREEE e IR 0 A

ErLF R

%%imw@nﬁpﬁ EF o l) RERAY R

Hd B2 AL B RRES AT A e

F%z$ﬂ1%%’zi@e; FRNEFEF 2
Mrig AR o I BE AP 2 0 A2 A1 Fplik
Vo RO RBEAAMFEE RS TES Y L7 A

3. #¢EEaEy v IriES Eiplada i T4 4 digital twin
2 PEE 0 3 R HEBERD(F S H RS R L
S A AT T SRR R At AR K
A EI T G R B

4, MR EF2ZERER A T o

prusl

= o A
awﬁw

]
NG

¥

I

Bl
5

de

= »
s

b

ﬂ;}@*ﬂ
V“b
m

1. REFREO? ZHEDIEFREY A% 237087 - 224

2R o
2. EEIREIART A FRY cRELRBHRESET Lt
4 iy .
2 (3 AIPRFEAZL WS OREFEAF G I L 20
Fi o

4, VHEJ/IMI RIS ﬂ sfx:a‘%:’ (SRS NESE ;3 3
GRS o'y TFH &R TR j"gnh

£k CAE

Br AlOT $ivie 7 Ad % Do it 4 B0 6 5 - %8 RO E

i % FRER

3. fad AloTHiwie 72 At % 2at Rt 4 %5 4 2

AlOT HpFi (T2 A p & 2 At B 4 3=G I * o
EORIFOEY G FR 0§ AR XL

ot o 110/10/18(- )
J— / ! o

14:00

o B IR e R

S5

; L33




L e

TRTEERICET - EAEARE £ RRIEP A RR
A

FIE RIE AP WA 5 L 2t 2 B R AR A RO
PR E 2 RN TR LA S
ﬁﬁﬂww\iﬂk4ﬁﬁﬁ““*biﬁ B Ty

b Bt lliilfi 3 mﬁ'{% A" 54} f F % }_- 'fi;l'lj %7 o

Fr
i

-+

AN

flr e Ry @ FERPE A¥ PR BERFLRT
USR] S JRAG SRR R R 8 2 400 RC B
r‘lﬁ: LF e “Lﬁ’-ﬁ’-ﬁlml?p HAE F PR R g i R
SRR Ry REEE L B R AL Sty
He B e @ HO0 L R E N SIS DR T B
R ARG S 2 B R R P T Ay
RSP S BRI E MR P L2 2
FRS % 2A R R O Ry o

¥t AloT sda i > B = — 3 YT EE S 2 A
riEY F:’*\l—ﬁ'—"]&ﬁp\?;m ag K
R AR - g R i T (bl4e i & 9 E
BNRRCNAREHEAEEEAP S FRACEE
B ARE) -

&
wF

BHUTRS L BHE AT RF FFEA
BHEFBEIE S E) 4o ol E L2 44 (8
RC#z2 FEREEFZ) -

BV B AR Ao B A SRR 2 2L RC

~

s F R
(\x,
Foe e
=%

N
v'|"
= T

)

R A NS I ARSI S

1
el

o
=
S
\1\:\,
=3
o

o

S

N
\

&

bl
Mo
=

[N
HE 1 E%ﬂ' EIN
™

~
T
—

B TR BH FRGR RS B R R H R
FEpR o ¥ F
'iwwﬁﬂﬂﬁfi’?uﬁgﬁao
SRR S AR LR
F#'@i&%ﬁﬁ@ﬁu%»o
*Z A i“‘ RRCUTIENS SR S N R LS A
PR TR A A (B o

AT A B R LT RF O AR B E R S

.=
‘\lq.

Tk g

\a&l‘g

fEfE i
= oM T
f&@*’i\

b

g

S

31



32

Rl
fo -




§ ok LA

B AlOT fopmie R g% 2ot Bt 4 2R & % = % % Fa

i % & RPERE

1L pr 282 AEFE2 FAPR o
2. ?ﬁﬁ%ﬁﬁ%%*ﬁ%ww%io
3. AloT #Ame (7 af B i 4 2R chp ¥ o

110/11/15(- )

14:00

i | & R BRI

P A A RATIEE L AR SIS © G %
g’uﬁﬂ’ﬂﬁﬁ AL g
ZRFRAT G ok T

2. ;}i.’@iﬁ;%ﬂ AIOT & 7@ Roat # 3%

T B 2

" & )EXE+ RRERMRE @ﬂﬁ%lﬁw;%ﬁ’ﬂ
P (2)@% X B fsenp w,sﬁ-? v R &"%ﬁ N

& LR R

41\7'7}% P A ﬁ‘

o

,?
FIm AR

(3).p w1 AR (TP > SEFARITEES > € AR A UK,
SRR RE o AP p (5 B HE P AL
TEEOMEP» RZPE EREEERHF -

Z B AT "FK FE ﬁf;y :}f_}_;b:} B hH =~ Al

fugres % o

~ 2. 7r_":_g l/;l__z"ﬁ II},‘E}‘]"} ) ‘F' - { %‘LLL ]’),, "5%
’ A5 P B K e 4 4= E g %

R R AL LT RRE

£ K
ﬁ%ﬁ%% ‘{Ame@*&—ﬁﬁi
o HWEAFE A v AER

21y
E wﬁ*azﬁwrﬂr@ﬁ%gﬁxiﬁ.

1. Flf %82 2R E 0 pasd m*ﬁﬁ]*“";k&fﬂiﬁ
w °&T‘]‘ii’é§'ﬂ"ﬁ 4 Be e l‘q_/b‘x&‘7rl’g eI TR
ﬁoﬂﬂ&&@ﬁéﬁﬁW%ﬁétﬂaibﬁ‘ﬁﬂ
BAE R S L ERFIRE o A P

OT tst fh

%*#%ﬁﬂ%&ﬁﬁﬁ\%gﬂaxfﬁﬁwnﬁw
REEAL L A RN A TR LEHE BB G-

e R 4:7&

N f;

33



34

L B SE
A PERAAFS TR EA S FE AR
RIBEERE G H

CPRF AP AER Y £ M
P T E A KRATFEL A
R Ap M r/‘i’/ K& EFTH AloT Bt B 4 &5 &
HERZFY o RARRTRIZ XA UEERRT B
%E&ﬁ*iﬁ%?“mﬁiﬁ$ﬁ°?%?%m§?
PrARMARET L FEELTD o HW ARG R AR
2 s B ET R Mo
B* 26 EREH U DHERT BRSPS £
BRZE=DIREE 2%

ERRE R BRTRRT AR
&

F

7

#
=

2P PR TRIFERLAR DA % R
F\ o

WHATH od ZTahs- Jep A FREHFFLE 2
FAL: > HEF RS 26 b e i
&% bl > 2 RE VA R E EERABHE
g ;t.%- Sl F g oo
ﬂ“&§¢2%?ﬁ¢$%éﬁﬁ | & 1.5 chi7 Fois

iYW EEFEERS K o

ATEL TR LR RPN KE S R %’Eﬁé%%ﬁy

R R R Y prmd R KR

-

L

R RIE IR A DR TR - R g R B
‘Jﬂ}»ﬁ% PR BA TR LR DAL TR R SR
, 7; IR P
AN ﬁ&? ,

i
=
[
=2 >
R T
*\‘:

PEMRALZBF A2 TB2RE 25 B #
WA g alAe R o

gyt ?é#mﬁm’é@ﬁ¢ﬁf$m JREAER
4 bl “f@%ﬂ~“*f%““ " A

EHMAT EJ - ERELE W ARFP L
> SEESLEEES - TN

|
BP0 XTI e (T

¥ i

R EFIL o R BT AT SRS At
Frodekd R AAT URBEREL 0 3 EEL R
JBRANGER R I HE NEAL S ARG S




EIREERE HUT GGl A E LR R
> l%rﬁﬁwﬁg“‘ﬁ-’fy‘é‘m—gkrg;mﬁg;ﬂ# &
T"“gj”ﬁ EUE EAE B

PR A REEFERE L E L

:%

o= G R e
=E
N
A
.ﬂ%

e

—~
H
j —

.(Wﬂ'ﬁ‘p/?&:l’gm*&'}% 2R L > AR A
ﬁP’?sb*W—\g}i’ff‘@“mqiﬁ’fg'}"@‘irﬁb
PRt F A 3T HFLE > §A A5 F 109 i A
LB AR F MBS RELAERRE > @
PR LA O - R SN IS Kl

fﬁﬂﬁfizﬂ’@i%m@~%wﬁ%ﬁ${_
P g;qu@“Lﬂ%n ’—"ﬁ’*i'7fb’/§~}¢7
AR TR EAER U EREARER T
AT RAL > AT R A RS B M R

(). 7ot R R R A A SR S B
z vl
o

RGN F ES L P ESREAET P2
EHETRSLIRMEEE SR ERLEEE
Pt A2l FPrRes pBERERT
SERAEF > LEAHZEA TR BEALELT NS
Foass o LB A PR FL s Ak
e S T S A CURE - 2 QN2 G S TR ’

PR T F S RIBM A
AR 4 AL EFS AL LA R
#oortua RiREF g o ERELL 2T L

“.l

A R BB G VREE S T B o

AT
]

WEAL LT R AR FE A A £ H 2020 & <
PRTR AT AIAAMB ISR B EEASF L 2
AR R B EeE S R AT

TER FRRED B G TR T T s B4R
fope LRk FNER S T o Aot ok Fred
LEMRFRFTEAR > AR FREAN S A 2% 2

B A KT A o
E?V“ i d KRR R R ORI BREAY T A
ﬁ”g‘PgFmﬁ% 40w ma ks 3 E Bl R AL fe Ak
Fread sy spganfie
DR RFIAAME ETHELE ERT A APM K
Ppo THFLAE K o A HER S S I PR

35



A EPIER -

>
N

4
z

s
Ched

{

nm

9

AR

%

A

f,‘:j—ﬂ - ¥

36



oL

MR AIOT it i+

ERPET 2B

TR AL

WrFELEXRFALATRAZ

FRA A

i3 PERHA

Mt T EF

2. AEPF A AIOT T RIHMFESHEE 2ER R Y o &
AHRAEP TERERASF L WAL PR A AL

EHAR ¥~ hE
ﬁf_& DTG RF HY - ) IRL
B FHEE_E T
FHARBY o

L P &t
weE
>T

EEAS X 2@ RN T

mEZFELR

L Z2RAFEADEREY BT AP AEDRRAEA
%%ﬁﬁ$i#“’ﬁﬁ%*?ﬂ*’ﬁhﬁﬁﬁﬁ*i°

SEHE R L4

2. AEPRARPHERTTERLAFERELE Pk o

R#L ffpd #F LR LERRE
Palert Plus ¢ *+ 2018 # 5 * :d i P ~ 4 3.
< B MG RIRE o FERPET T .

3. M RKIRRIE > e b LA RIEE L e R

Bt R dad e 2 B RePT ek BT
B enhd RF o S A T
GREE A N RTINS ]
W R L S R R

4. FREFEEE TR XX e Hsd o 2 EEE R
g Rl TE BE 2 R AT LR .

BE Fpso #5400 B Rl Rk
fie ¥ CBL e BETOR - AR
WAL R A BT e A - R d
FERT  FF AR Y LB F
ﬂk-ﬁfu? IPEEE AR E

IHEFRH

1 HrvR 110 # 10 * 24 p % ¥ BoTic E Flevk T 2 &3
e TR H VIH AR B LR S B B RGH
f}lj’é;}"é.ﬁﬁ%‘\iﬂbﬂ mlh—o

BHE B4k M1102107 249 %
TS SR E S

EREERS B T

2. RAEFAELREAFOMERR(EERNE LT R | BHL Rk o M SIS AT
(PP B RFAH S22 B Hdp)TE 10T & AL BFE | ARFELF L1 c HU -~ Ak 0 8
FNZRAF TR RT AN PR AR RE AP RESE | R AL

TRIKAE o o T o SR WAL BB R
F R F B R OO — Jh o

37




FHA A

’P ﬁﬂ 0]'{-113

3. MBREPRIZIET > 235106 £ 22 H 5 ﬂiﬁ%%bi B~ AFEY 2F o
Py AFEARIPBR- SO FREAE R EEEE -
TR FRIERIBY AT PEIEGRE
T - e
oy BEARIIARLTEE RS X
4. Ao et o dewE B Y gpY R APEM2Z P o de | B g PO RRAY vt KR AE
FER T AL AR AR HEH HE R BHEE 2T RIT 5 oA R
ERlEdy o AR o gt ok B RN
Pus BB E > TR AR - A
KERALE D &z B e R
R X FR B AR R RE A ke 8
BB S IR E o IR F E
R~ EHFHE -
5. ZEHT FB LA LE#E R AR A
? .~ % 33F % - 7 Nyguiet 3 ®? FEB T o
z - ”48Eﬂ%3r7’iiw%'1$f 2.8 HAE A BApE RO RAERE 7
P FA0TF  RHFFER S FVEEF o HE o Eﬁﬁ%ﬁ\%ﬁhimmaﬁxup@
ﬂ‘%?ﬁ"éﬁﬂ r/’{'%ﬁmv KodeP g~ A4 2 3% heie | SRFOSEFHRESAZZH - B3
ERVE: Fo SHEER R AR AR R RS
”\'%WFvﬁgﬁﬁﬂﬁﬁéi@ AR Y 2R G Bt X Ra RRS AR
;é’ﬁ%ﬁg‘(ﬁéz% B RIFLEAL)o o TR BRE ~REHEUE SR
S %86 W54 ?3”%”§Jifiﬁt° BeDm AT o AT R RS
PR FRELFT PR SRS B
N PR R o
2 HEFRA
1 0% AloT cnf e Ap b B EHAR S AP o 2 T 5+ | SHsE | L 3% -
?ﬁﬁ?4’iﬁﬁﬂ@ﬁ%$£?mﬂ%{?ﬁ#?@
e i@ b AFEFTRFHEY  BHT L Ao
ROFLFE > LABRBERERRFZ S o
2. BATHRNERERRBOERRRATERT > R EF | 4L R RpEL-
Feno LR ERREELT %mﬁ’%m%igéi%
ik T
3. TRlEYy KRGS B 2R T RAY LRSIy | EHE R 2R BT LindpE RS
REFER X TR L HHE A S ALY RRF | TR SR S £ R
FTHE TRE ERRE i, S TR HReE A b 4 R A T R
AR By o WAL R kK
A o 2a F IR FHRFE AP

38




FHRA A

MmekEzi

1. FFRpTE 1pas B2e R é‘}!‘ﬁ'@—6i§—%ﬁawl‘*% KP4 T—iﬁ#g?{ 7 HET 6 S 110
2 o 4110”249 B RZF A B
ép\/\fﬁf
2. ZHLERP L] UHRARDIT AP HEHASE |RHLR SR ART FHB LS B
MM EEL > TR ad > TV T ERNE | REBLGA RF o T RMREARK
REFaripBREH - WEEK R L
3. %fﬁe FHF > ARl BT A LR o AL R R # S REEL B L F
Hit 6 REATH R 24750 ~ 482 - E#HL Rk 3 MEV 6B LT
Mo RIS LT o
5. AlOT L3 Eicidls RUFH» 22 o 2§ 0 | £ Ropdee MR RTIPBY - 0o
F& L E? CEVIUETYRRY C FENE R
é’ﬁ" MR TR ERIEE R R
WA MR T RE TR o P e
5 BALE A~ FFRATE S BT
Fehd e} S RRHELEAE ARE
RTH RS RRE 7 RRRARET
WP e B i e R L fi b
PRl 2 A pREFRR -
6. FEFHAMLARNL I ERRA LG BE - B AL R dagc o AP HE e AOT £ i3k

RS EE 2R R Y 0 2 T EDE R
fe b BBt % 2R PN 1 Z iR E
Rl A AT BRI 0 AP B hig % 5k T o
R R u;‘gd AHE > N i—*'—,?i*f#
FatRE 2 BERF DE
AATT R VRS hE R B R
fe % > > ﬁE"‘f"v

/? = —\ bhf

.4 “’;CL’J’JJ’—r‘; o

39




