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SEEEHEIBE 2

BN IRAR e BN AT RN 8] EAE 35 7
Blégh/ Basmxer RTAaSEE RIERIE
FRAGHE Batw ket RATiei #it

2019%F11A B FEMILE R ETREZHAEKRAEFE (COVID-19) Bl ik » & Fikikr
HAAMBER - SEGEHEEY  LWHEEENE  EREIMNER -  EHETEEERERYFESR

B ELE  TAWMATERLY T RA > AEREBRE Bk Rl RBRRRBLEE > BERE -
AXFEBRFA—BHEHEEE EEROBE - ALY AREY R TR - LR HAE e 4R T
By s ABRERR > MES T Es XK EMN (o BaiH) EolExa ) RREVEIAL
ZEE e MRN8 AR EH R aa BB RIS s RIERH -
Mats : ALK RE  GEBEAEE BT s ML AR P B

COVID-19, a severe respiratory disease caused by a new coronavirus, started in Wuhan, Hubei Province of
China in November 2019, and has led to significant social and economic impacts on almost all human societies
and industries in the world. There is no exception for Taiwan, and the impacts are mostly on tourism, restaurants,
transportation, and service industries. In this paper, the authors focus on the impact of COVID-19 on Taiwan’s
construction industry. Due to the COVID-19-triggered control orders over movements of people in most countries
and the resultant interruption of material supply chain, decrease in quantities of imported foreign workers and raw
materials became serious issues faced by the construction industry in Taiwan, and greatly affected the schedule
and performance of construction projects as well as the profits of companies. Detailed discussion on the impact of
COVID-19 is presented in this paper.

Keywords: COVID-19, Taiwan construction industry, foreign worker shortage, interruption of material supply chain
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The global Covid-19 death toll is continuing to ease slowly

Daily deaths of patients diagnosed with corenavirus (7-day rolling average)
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Civil engineering projects, despite different nature in road, bridge, residential, plant, building or other major
construction, require professionals both work on and off site to collaborate through stages of planning, design,
construction and contractual management. No single person to work his own way will be able to complete the
project and that during the integrating process, team communication plays an important role.

However, the COVID-19 epidemic broke out in Wuhan, China, end of 2019, interrupted existing arrangement
in almost every project for communication and coordination of engineering teams. Consequently, the progress of
works is impeded and development of construction industry stagnated.

Fortunately, with the remote sensing technology advanced, and the 3D mapping and open data bases estab-
lished, combined with virtual reality, augmented reality, and efficient information transmission via networks; it is
possible to proceed indoor operation through the use of the Internet of Things system so that the risk of infections
can be decimated while doing planning and site investigation.

With the view that good use of remote sensing data, GIS analysis, and emerging surveying and mapping
technology; will provide solutions for civil engineers to counter the interrupting impact brought by the COVID-19
epidemic; the engineering firms will be confident continuing to offer technical service while construction industry
is graciously blessed for next stage of the development.

Key Words: remote sensing, COVID-19, civil engineering, virtual reality, augmented reality, Internet of Things.
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BiKEREIE - B3 ARE s R - BT FERARE
S G RIS E B R o MHEAR TR H R 5
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COVID-19 Occupational Risk Score

Calculated using three

o~ Lowsest risk oerypations . N .
! physical job attributes

Highestrisk oceyparions ~,

0 20 40  from U.S. Dept of Labor 40 80 100
-
Hgh pay, High pay,
X + +
I I ® Intemists
@co Physical  Exposureto  Contact
Proximity Disease and  With Others
(Daily) Infections (Daily)
(Caily)
........ = Healthcare related
Blue = Non-healthcare related
M @ Murse Anesthetists
M
S00K
100K
ettty
$150K ol @ | sasox

@ rumsces

Source: U.S. Dept of Labos, O° Net database

YExcluding special needs  *Except Legal, Medical, and Executive 3Cafeteria, Concession, and Café  4Food Preperation and Serving

2 FAMRAEETAEE LERARAL
(t5e B 2B 583 A4 5 https://www.visualcapitalist.com/)

TATEMNAENR MR FHERIEHN R
ZHEE

& R AR R - — M E 2 R A I R R
HIHEY®%R - DU T IRl ) < 5 US RS 5~ i
EEH G BHER - DUES I EEZERE - i)
BER B 2 B - BV RTR] A& il - Rl
BRI RS - DURIE IR P Bk > IE R
SifEFI AT > kD TR B AR R by -

E B HAR TR b i Bl Ry e bk
Mratfdi LRSS - At [ B ~ B AT ~ BARER
A AL B AT ~ BREERZRERTAL ~ SN P B A B B
RARKEFEELGIE ~ sGBEEN ~ AT~ KE R E
BLAS Y ~ BRI BLUE R - BRI - THEAE - &R
SEEARE YR B 32 M TELMERE I B M MR TR -

maupnnam@
177 2 KE bt 2 45 B 7R IS o A5 B B BO& SR Bl i

ARTREEANT RS A ERZH (Geographic
Information System, GIS) DA = ff 17 fie 5 U 4 B el
ZEEIR - FEh B HANRL B R R B - At~ ]
& MG Bk KRR EE NS - BL R R
REEST - PEIEEE - WSAS SR GIS BEE R -

MM P AR TR ESE LR - BRIERET
fit T F& WA SR A LIERERI - E¥dE
PR I - EREMUAURE M@ 3R - WTIRE LA
N B Ja g o HHL - PRETE IR 38 R =#ET
PR AU~ REREEE LY - BN E ST - MIBREDIIR S -
ABEIRE R A LR EBHIN K FREIWESE THiA
EWHG ) R EARTREZBREGHLEN - 8
BEPSh TGRS -
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3T A 5 A E Bl (51 18 A5 S (Structure-from-Motion,
StM ) R f8 8EULHD ( Dense Matching ) 52 I & £%
et - AR Bk DU B R S A —#E
A B R R R - EARTREEGE AR i
& [ AL Ry 3D (three dimension) 78IRS o Hrfi
DASORT S T A U A A TR A S g P Ry RO
W - B I QR I AH B Y B R RH A - B0 FIG (Federation
Internationale des Geometres) 52 OGC ( Open Geospatial
Consortium ) 55 » 7 i i) € By 28 f B FE F 9 - AR $B

OGC il ERIHEET - HAlE A 9 EEI%R 25 i
B MER TR (AT 1) -

B P U5 TH - PAEGER 95 4 BHAG HE B BRI A = #E
PRTIR AR IR - ZeRER L SRR ER K 2 FE IR e
O+ KBTS B B BT i AR A B R AR - A
BB B E B ER - B SE p —AE B T AHRE
Bty S BLbT 8 - BT B At i A — MM T
AU R SR B T I 52 S R 2 5 o th S st 5
SRR 3D Ha - PRI E e — A SR Sl
Al ([ 3) -

k1 2R CHEE BB TIRT IR

BR BRI R 35S (CityGML) IR IR #E S (CityGML)
4 AHAR A 4 FRAR A
Austria Linz * Vienna Adelaide * Greater Geelong
Belgium Brussels -
Canada Montréal Fredericton » Toronto * Vancouver
Finland Helsinki -
France Lyon -
Berlin * Dresden » Hamburg »
Germany North Rhine-Westphalia (state) -
Thuringia (state)
Netherlands Dutch cities * Rotterdam » The Hague -
United States NISI‘:WY?{i)krkC giét;,};rgﬁ?]" Austin * Boston  Philadelphia * San Francisco
United Kingdom - Cambridge
ORI R HFE S (City Geography Markup Language, CityGML )

(b) kB Hi% —

# — -
e L SN TR
& |
-

(c) X H B A4k ¥ = £
B3 =#gransn (5188 [5])
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ERERRRIEEIE C BR
Z IR EPRHEE B L 3D AV B A E
Je MEREE W RS A - O & B 5 B ABH. (Information
Technology, IT) ] % B Ae ALy B i Fl il F it 2
THRHEE S (virtual reality, VR ) « F1] i 2 iS5 458 25 e
B8 fesftE o 3D 22 - SR Bt R A0E B R H R
it FBUR - HRENEMIRA] - #@ SR EEH ¥ VR
BRI 2 AT G T BRI
Mz Hfi i B R @M & - AP RRERBEHZ
Google Maps B Google Earth V55 (& 4) 5 kb4t - HHH
R #E . SYMMETRY VR it » SRFH ARG -« T
FELUR it TAERY (8 5(a)) » R Riffe b el 6 E O ~ B
FHEREEST 111 BREHEARIR - WAEHR TR LT
ERea TR RS (8 5(b) -

4 Google Earth VR =&

FEBIN BRI R ORER R RREE S
AU > B EH RS L B B RR R IR EOR -
FEEARTREATSE A - o TR & B AR AR LA VR
msEft - T > AT A BRYE GRS T ThEFR
EAFEANR R 5 [ 6 RIRy 2 0 B = SR 2
M5 a2 WA - % VR VElRiEH EAR A B B 50
5 ([ 6(a)) 5b - AT AMESE - AR FREIEE R
DitrsgiEt s h (B o)) » HAEE R =HE 88
AR TIE R B R RS2 (] 6(0)) -

Hth_E ) AT A = MERRE RS A H e B L
R - ARMELRY N BB RIE S - A REE kT
AR Bl - TR RS e st T 22 IR R
B EA TREREHERENS - 2EARE - &
Rz gt MERR B Ak~ Hik s R BT

O

(31 M & Google Earth VR )

B 5 SYMMETRY VR # &5 TAZ & A T & 8

(31 & Symmetry Dimensions Inc.)
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(B 3& TAZRAM 2 &) $24E)

BT HA - B LA TREERRAT R 0 HERgE T
RAER PGB < SEIFRETRE - F Ry "Wk % (urban
blood vessels ) 5 1 » Z1{r] & BH AR B e A5 008 Bl il T
- TR R AR T I AT AN AT R A — R o Ryl
ot —RIE - 53— VR Bl RS AL - SR B 5

(Augmented Reality, f#iff§ AR ) ZKEMAE - HEdis )y
I PR B IR 28 3 TR 4 3D PRI HH o B R A
- K ERE A RERS (A1 BIEER A - TR
FoVAREE ) R AR B E SR B A g - A
EBFTZ vGIS A H] » EHEHIAS S ESRI B EAH A
-5 LUK Microsoft (2 AR $%ffif » HEE & AR Heffirhid
B A EEE T 3D GIS BRHE » A « B
B RPN N AR (B 7)) TR
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HBREA R BB N # R 1T 2 IRt S R B

T BRI & TR B BCBOR B R Ry K B8 3 I
B - Ry R AT LA R RS R A T 22 A
Foipi e ii— U 2T SR BRI - FGRE B X
N o B EHERS P15 AT DU A BRAT AT st 5 1 5 0 e
& T B ZHMYEREE I E AL Bl 22 ) 8 B AT AR e] 2
BUNIRAT - FEHTER BRI R R T » 2 M5
BRETI IR C & R E SRR e GIS ZZRI AT - B A

7 TERARBHEERLZHFETER
(318 & vGIS 48 & http://www.vgis.io/)

FUEE o B R 4 A B A B B S K O & R
Z Nt A BREERR ] - R A SR B K A -

S F B S ] BR A A SRR BT - AT
LR SN B TR - AT K R A - R
IR+ HETF MU BREH B 2 e E A & T - DU &

(SAR) Bl » AIRIHEE AT 2Rk - A ER

it BT - FERCTEEE AR B EECR
R F ARG R ST - 7250 T W & T RE0E
IR VA SR B AR AR A EIE R A R TP
8 TIHME Ry R K SRR M S S B U8 -

oS R R RE Y& D e e =
it A G AL EE T (Interferometric Synthetic
Aperture Radar ; fijf# InSAR ) EiifRseREAREZ EHH
e - A InSAR HRFAlAZEHEANIE 2 - K D-InSAR

(differential InSAR ) ~ PS-InSAR ( persistent scatterer

InSAR) J ATS-InSAR (adaptive time series INSAR )
Fo Bk Fl 185 72 03 Bl ir o o2 53 Ak » 1 78 S 0 5 4
FEAE T Sz R A5 32 U A% 1B e 15 ) AR T T 92 3R 53 5
ST AR 08 5 - (H1G— 202 - MRS —
X PS-InSAR 73 AT A SR K A B EL (PS) » Hh it
f2 2019 ££5 [ ATS-InSAR Z3477% - BRitE— DRl &ERE
S AfnEiEt e (distributed scatterer, DS ) Hlyk Z S #aaH
B Bl &S EE B s A B R B - ARSI
BRI BRE - AR B AT BLEEAY -

FR LR BR A ALOS-1 85 32 5 5 50 L1 i B 25 3
JE1 %5 38 5 HE 1T R IF 5 PS-InSAR 35 Jp 38 BE ) - 401 [

Vol. 47, No. 1 February 2020 +AR/KF] ZEMH+-E% ZH—H

39



F AN T £ AR TAZ 0380 A5 = e R 2 AR

%2 %M InSAR » ¥ F ik H4E % ek
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'\@‘* 2 20-25 >12 . 5
k)ﬂ ;'f*ﬁi&%'fifg %z@f?#%’fi—il%iﬁi N %/ﬁ‘f?#%’]‘ii}%i}i N %7}(@ + }Ei&}&%kﬁ 24 ;ki}& %lgfz#j‘f‘rﬁiéiﬂi
#5 | GelsideE) | ERkBIRas | B4 Adsskn 1 2 ) GLRBEXBE)
G x| AN HATEE (DS) AKX
an | Tomamsn | TEIREIRRE s (bs) . it ko X | THRBARLD L E | TH IR KF
SRE T E S e N A A S A M R | I SRR
IR A 26 B R e
BRI KA | o e g o e g g | PRI R RAG A e &M K R
sns | Asaniny s | BRRERAAN e’ o e p g | B rnAapgz TR EMRE
AL i B 32 B B 3G A MRS L A B ;

8 o HHAF AT A SRS HIET G LI #114 S35 * 2008 -9 H
14 HaE ¢ ma e i (2 B 2 4 (Z2AREREMN 1,039 mm) »
B EBMPCHEEEEES (FE 75 mm) @ F
1E R R By 32 mm/yr (& 8 » #&#% ) - 2012 9 H
15 HEE R - = Re A\ O M E BRI Bl B A= R A 2
BERY » A ERIE AL B 2 0 35 3 P A LR » PR ik
Bk B A - B AR IR |3 #114 EE B IS BRI
] - B PS-InSAR 4372 hFRAR SR 2 B Eig D ([KiE
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[ 51
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[ ] sumss
L wmems

TI54800

L]
o
- -]
e

2754500

B 8 % iFA InSAR E
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Bt Z B ER - DULEEAG R E S IE A g 2 R Y
JREHEE N 2 A TR R -

rp L R P T — 18 ATS-InSAR £l & 38 i
1 ~ NDVI B3t SO [l & 4007+ BiBR 2347 26 mT {5
PR TP EL  (REZENUE R S & L IR
Fr RS AT A 2 VB2 - A 9 LA 20 £
Bl - B ARIEEERA 2018/7/11 ~ 2019/7/12 3R » 2
B e H AT B AR TR 52 R LA S P A 2
W REETIIT R 5 20 SUBES TS EEE -
I AT AT A TR B K i B A BT e Ji K % o2 2
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HERBERENERT » JBRE CERIZ) XMER
O aAFRKE  Hiflm & aEnpER - $HERN
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R R EEWE PS BV ZEf oA - A Bk [ B8 A HE
PRI B B GBI (active deformation area,
ADA) Z3#7 » FILUKE PS J DS BERE AT TR
TR B —BERF R - T ETAL L @ R B 8 2 R P
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10 KB A InSAR A5 R ER (BT 4 @ P 5 2019/2/4 ~2019/9/26)
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FEiARSR - DIF T AREN S (8 10 5 KFisatT) - %
IR i JE st it A 8 PR P T 7 B A 4 e Bl v - HL
HERA G B 2B RIT Ry - SR AR R
PR L RIME - HIHLIZEFF InSAR T~ [BE#iLEZ G
SR BT IR BLEGAY PS B DS JRAERE ST ([E 10(a)) -
FEHRE SR HUE AT Z TR - WIS KSE (RIER -
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B A e T RE R R 0 FREEAS B R
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cMS Real-time
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Status
Real-time

video

(Control Center)

Mobile Client

e =
—
Drone
Status
Real-time
video

B TAEZ BB - BLoh - FollEEE Rl AT $flT 2 25 i
e hBl A S AR RS T EFE A
Wit s - EOEEGE TUAV HERKHEL AL 2
PSR AT 0 QI 12 AR - BERAEARFEAE
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PIFRSEE Al AR R iy el R L L (DUE T e Ry
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EVER A BB TR R AL FIBEIE DIRE » DUAR
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H A E i AL R AR ERK W] 80% (3
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T ERE
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o

11 g AR i RSB (F AR ¥ E SE RS )
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!
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.
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# Total lloor area
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16 #3EE
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JEE Bl 2 Y St P SRR AIT, - Bl M b B PR A (Bl
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B

= W J
1
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X0004705 ’ -
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ZHEEREZEE &

110 B A Kl L BERI S - ARASRITAE R SRR TRIE -
FEA R R - H ARG S E IR
EHERTTI2 » 1R 2015 4 FH R - 28 3 45 I & 58 AR Bl
(ICT, Information and Communication Technology ) #%
[T S-A 7 J 18T < F#TRETS) » FEZ Fy i-construction
AR 2016 4R DB EBUGRYEE T 735@1@ ’
B + A2 i 4 3 3 i-construction A MHE A HEIZ S 0
BIE=MEEE 71 (1) AR TSR A%
ETRAC AR 5 2) SISt T BHERME T
JREARTREE » (3) DGR TR TRE T -
i-construction 3= 2 H WY Fy it 2 it TELSELPL - 5%
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G ISR EE - SRR RN TG HEE ~ =
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Yy ~ e L s A T Ae st DK 3D BREEER) - AR
1 UAV 2 IR S 3D BREBIE AT R EikE T
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AR EE /MABUERT (Komatsu) ~ HIZZH (Hitachi
Construction ) ~ Aktio 5 i » X JE H A Bl + & @ &
i-Construction FHEA AR + Tl REE B2 H A B 1 A3
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- 71k 4% 0 1 50 T VA JR L B ) B JE i 4 A 4

PR B FFIAT IR 4 | R AT B ) 2 B I AR B
T R A MR

PS 25 A Mk B A
IS B X BB REA S a2
BB RECEE SR e
SRR

&2 BAEY R M F &P 54 B AR

R W k| BT 1B # K
Sentinel-1A/B | C |5.6cm | 5 ~20m % & B3
ALOS L | 23cm |1~100m| 24~40 8% | A
PALSAR-2 o
- 420~ 1400 K T | 14
TerraSAR-X | X [3.lcm| 1~16m Gmatr s | & B
Cosmo- ¥4 6000 EX 7T | 2
Skynmed 2 X |3.1em Im | %tk AARA
RTINS
2016 E/RHhE

2016 FEHERIRMER AN ZE 2016 2 Ho6 H »
R WKEAKR HEEHEXHERE  {4%
i I R A o R A S S R A R KA R - SR
JRF LAV e B2 Al BT 4 1S % H K A AR S BE ST TR
CHIERE Ry T IR B IR E A A RV 28 » A AR SR
T HZA JAXA ALOS-2 5215 S BRI K 221458 ESA 1Y
Sentinel-1A HYgZH » B A HIARAY T W GRALANNE 3 2 [H] 4
Fiiow > Hr HAHY ALOS-2 i 2 — s 58 5 18 B 5 IRF R
PR - (HHUER HAR JAXA A 2 H 18 HESEHE: -
& 3 FrSRoRS R IE 3 18 H R RS R BB
TWEBRAEE  ifilE 4 AN K 22485 Sentinel-1A & H
RE[EE 12 REUG - FTLAn] LB AR E B TR
TV RN TEEAE 1238 DL RGB TRERIV T 28 » 5 —
fil RGB {EERAY EELEFAER T BRI R
f7 » (HBLRFEA R M RAHE 2 (Line of Sight, LOS)
T ETE R 2 GPS BB HE, - HRE f o mFTeht
GPS Lab 7 #)1% Zub#mfs Fy LNCH - 7] b SR pfF 52k B 3%
NEGEZ USSR E I B RHe RS R B LA 5 PR
felE 5 v LU IRt B A R = A B AR 8 ~ 10 &
43 L ALOS-2 £ R I 5 » 1M Sentinel-1A HIF Ky
SAEP R - HllE 3 /lE 4 Bt 23T B2 (2R
FICRER L - (EE T LOS MY I R T B A JTRE
Eil GPS BHHIE KL -

BrIELZAE » fE T et oy DUBIEZE ] s B g A
i PR T E EE AL R R — PEEE AR E SN -
B Ry BA SRR T B0 By e B i A B - ks
T P BT o 3 58 R o 1 o T 2 A S B % v R Bt
AR TG - T T BB TR S e 2R B U B it
T R AL E 2015 425 2019 FEAYEIN K 22 /a2
Sentinel-1A F & 2 NSRAETT /04T - AIIES TR
01 6 7+ AT DARHEETE T s A7 S R I st e dh
4 RCRREETE - RO RS SR R E N
n]Ed GPS Bl Rk AEBRAE R EI TELE -
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VAR RERGEREZMTE ZEM, FiH

(@) 2015/11/26_2016/02/18

GED: 324 | MGRS: S1QTF

Vertical (mm)

50
2015/10/23

2015/12/2 2016/1/11 2016/2/20 2016/3f31 2016/5/10
B 5 & &% GPS Lab 424 % LNCH GPS i 4% i& #¢ sk

EEWEM S

2018 TEEHIE

2018 4 2 H fp bt sth i BREE A R - 2 A
6 H 23 [Ff 50 77 42.6 B0 B P IRAAR 6.0 Hh= - {23
AE R b RIS R R RIS 2 i R

120 =
20151023 2016818 2017814 2018410 201924 2019121 [

8] 2016/02/02_2016/02/14

O 22 B5BESNIDD J0IZENNE | MGRS S10TF4207041128

4 kI ERIM K 72 48.% ESA Sentinel-1A BT & 4 64 F 4

FEEE - 17 ATEHE S BN - HUBER R EERES
Fhh e A E B A — IR EE DA 1T - R RIS
R BT 215 E) - R A SCIUH BN R ZE B e (it
& B ALIRE i B Sentinel-1 JEfi B EREIT O -
Sentinel-1 25 ks A I B Wi 2 - HEHEEE
12 K - WFEER 3 HIE AR RIS R T » R E TR AT
DIRVERS ST rTE G 2 6 RS — IR - AU MR
—WEELT AT » TR E M N BGES 5 A R
Wt Z BUEIIE » ST TS T 64 (fringe) Z00E 7 Fr
o NTEIER (IR WSR2 H3H 2 HSH
K2 H9H -+ pitse k F el SR Rt R AT e
B - BIEZE 7 PRS- Ba T 3 8  8E 2
H 3 RS2 78 A B 2 2 B A i 0 P 5 T o e
(& 7@a)) » 142 H 5 HERFRIEE A 2 ALK 7 B e s
(& 7(b)) - &2 H 3 HE 2 H 9 HAMHE A

B 6 P #ErEE 2015 % 2019 i FHEMEARIMEFZ E AR FEHBiEE (mm/year)
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BRI BB RETER — 25T H S RILETESHT

TR - HalE 7(c) HhFub iRt rTE s P Sk
I8 MEAHA TIAZEENN S A E R AEE 1= R
TElF Y R AR 22 T DUR R I o] DUE S5 i BE A
R RUIEEESME (Line of sight., LoS) » {HJ& LoS ik
B LB HEE IR LS » R AR LoS &R
S LR ERE - DML 2 AR EF R
e anE 8 Fror » FH ke A Al A bR R vibe - HEm KB Ry

(a) 2018/1/22 ~2018/2/3

7 0206 Ft i 3 EE

Legend
—-0.12--0.07 B
— -0.06--0.02
—-0.01-0.00
— 0.01-0.05 &
— 0.06-0.12 £

- 0.13-0.17
— 0.18-0.22
— 0.23-0.26 |
— 0.27-0.31
— 0.32-0.36

8 0206 7t i 3K 2018/2/3 ~2018/2/9 9 RHWENEWNEFAKLZFFEELZM (mm)

DInSAR 3k EH %1 (86 aR)

12 2253 » R R e - AR fE Ry 36 2257 »

SRR o AT 02 75 B B e EER AT 1S R B AT
JE? AT E R LL 2016 FEJE 2 2018 SEHIBUN K 22 HE
BEREIT AT - eI E LA 9 FrR - (e
®AE - 2017 57 10 HPHGZIER IR EASRZI T
RERYTSIE - ANRETE HAMEIH R G R R - b —
FEr DR R i R THE 2 -

(b) 2018/1/12 ~2018/2/5

AT AR R TR s

66

Vol. 47, No. 1 February 2020 +A/KF] ZEH+tE% 55—
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g T b

FEor TV TR ZE M S B SR R 0 R
R AR LA ERFKIER ] Sentinel-1 B FLICHIEE
K IR R I E S SRR R DT RN
R EE P T ARENE 10 FoR - ATRE
LA Sentinel-1 I Fe 2 VR - BT BRUR B Ry itk
e A 2 U] — 51T R P 28 SRS SR A 11 Ao+ s
AT B BV R RS - S LA B A B
BT BT A — N BGTE TAE hoL f EERERS - —
AI'E DInSAR fEH.Z Ei B LR 18.6 mm ©

FoBBEE I — R - AW E RIS 2B 8, GPS
SEER [ E e RO E 20184E 2 H 1 HE 2
A 9 HH =275 b mif 2B e RINEX () &
BHEITETRE B R - R DU R B R 2
Huh - QUGS ErEGT SRl - (e s EElhe &
TR LRy 0 - JELS 2 2P BB HE S m AR B b anE 12
Fi7x » EHIE S AT - B DInSAR fERAHEIR (2 A 3
HE2H9H) ZEtERE{EEs 18.6 mm - [ DInSAR f#
BRI 19.2 mm > W RRSRARAT - (HEEE

B 10 2018/2/3 ~2018/2/9 b & # F) & T # 4% 4

J—E-J- -001 — \1 aﬁ‘ﬁi&ﬁ(
%40.022— \l"# l l/V"
003 L JHWNH/‘WM

Distance (pixel)
B 11 2018/2/3 ~2018/2/9 DInSAR & vy & £ Rk & H %W

rauhEfE Ml B2 A 6 HE W M E RS -
JBIAFHERHE - A SR RHER R & B E R
HRASBN TR S LT T RE#Es - (RSl Y
TSR L BE B (1 Rp TG - BB sth I S b2y s B T SR
AR AR 2 2 E T B0 3 I B DOt oK -
G TR - P Rk B, R R L - EEER
13 AR SR GPS Sz DInSAR W 45 15 ) b — 815 3
R E GRS HIGh T - A SCHWEEREE
DInSAR FAR AT A RERA RS & -

20

15
— 10
E
E 5
# o J&vwﬁ
e \
i -5
0 W
-15
2018/2/3 2018/2/5 2018/2/7 2018/2/9
12:00 AM 12:00 AM 12:00 AM

12:00 AM B

B 12 b E 8ok b 5 sk & B L S &
gLk R

BRI — et hH ARG

G772 57 T G AR R e R LU BT 5 i
FEEE 6 BRRURIE B 34T - SR SO LS5 T16
Fe T21 SEFEJE G E, - P B 2 B 334 BRMITE
B o IIHIE CGS-0624-NH-082 ~ LA WS A 8 55 -
TMEEZE () 5K+ 250 ~ 5 K + 700 % - 4347 H
AR R B 2 A5 e AR VS » E TR SRIRE » &
HEGH BB GER LIRS - 25 R
FHBXIN Sentinel-1A/B 4347 » B RHE B LL 2017
~ 2018 - Ry T ROR A K FH S5 1 B 5247 B @
TR B AR T - BONK 2 g i R e R 2
FAfEEE - HARSHUERSRE 25 Ry 69 (_EFH#L) K 105
CTRREPL) - HIR G S A 2 B A - B 2
[ S R A3 ATAS SRR e ETHIIEZ 69 5% » EBEHE A
PEoT MG SRR ARy NREIGEZ 105 57 » LA - R
BT RergAbm - 3k Ry B s b e e Bl g SEA T
BB R » FITTaAs SR e AR IR SR P Ay 22+ AT
T i Ry re AL R R A R R R
ORGSR + BB ST ATAE R AR 3 B -
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BRI R A B REBRR — £ THFERILEFTESH

k3 BEP AR RER

EL 15 E AT IR A BhE EX/40] HE

1 SOLE R4S T16 ¥4 A i3k 105 7

2 SOLE 58 T21 24 A i ok 69/105 # 105 #3425
3 JbE B R ik 69 k)

4 EHEEE(EH) SK+250 ~ 5K + 700 105 i

5 M# R~ CGS-0624-NH-082 3% 105/69 3 69 # L5
6 dB R AT 2 B 334 SRR 105 %

IHTRE RBUR ARSI E R E AR — 2 B
PR S TS £ 3B S AT B B - B 13 e 3 AE T16 B5 AL
BB T ITRER » B TG B i B P A5 0 58 3
TR - B S BRI Sk L B AT R S IR
fife - [l 14 RoG h B S I RAE BT - A 2%

wvelecity (mmyr)
¢_ g @ -64--37 & -11--4 @7-13
®-36--22 -3-1 @ 14-25

CJvmem e.21--12 s2-6 ®25-50 [CEM

5 14 13 P b4 3 2 Ak Rk

BESEAEES TR EE 25 -

S 5 K B2 o3 A s SR A e 15 P - BB K2R
WA BB A B RSB RS - U H IR N2
R 555 80 A P Al 16 P - E e o e e e s R B
DInSAR 3G —2K °

j CJitmne e-21--12
e i e =

15 BB RSy Ryt B E

16 Eafi 1 i3k E 73R A A &R
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FolEA 2 T RE HH I — & 0 o3 A i X A T+ Bk
#2019 4F 10 H 1 HoREES e R 22 iR i & T4
B AR 220 = B 150 B8 AT IERE 5 2017/03
~2019/06 * S HrHE A R Pa W » KREE A T WA
FUREE TR aNE 17 s BPaa g igmE
S R e R S AR o R e R ] DR E]
FiF 3 S S 3G A 5 SR AT 8 o AT LR AR TR - W RE AR
i Rt i w7 - Bl iT Ry 2020 522 H 20
HankE 18 AR » HiE R el LUE IR FEE IS E  E1S
EERZE 17 B3 hs RAE 2 2019 4 6 H » AR
ORI F A - Ry FHOTREME BT - R HIBAR
B S Y e = Rt ANl 19 Firos - EalE sRrT A
L% =B 150 B L BT P20 2018 52 7 H » 4168
AR R BT AT R I GE T

T

HEaa

ARICFIR 0 F 8 Tk T EE ~ shfg PRI
B B AT REME - RS IRBEURIE — 5k ] PO
PNEILGEE SA-CIRE VN R S G CET R £ A
TP SE U MR R AL SHE I B R S Ay St AP B Al T £2
P R 2 > HiE N R AL E AR k&
PR BRI LR - e By Bl AN PR A M Y R
I AR B R - AR e K F R A AT
TS AN H R B R R R e BURF IR AR SR 2% -

KH”E1WW%% H#ﬁ?ﬁAWﬂﬁﬁi
A ] S 7R ] 5 R S T B HERHEE LS
ﬁﬂﬂﬁﬁﬁéél_ﬁﬁﬂﬁﬁﬁﬁJﬁﬁﬁ?‘ ﬁ% g EEA MR A
TEME - R A L RER I E R THRT A -

P

lw iﬁ%#&UO%\%%%¢ hﬁiﬁmuﬁﬁﬁﬁﬂwﬁ

Contour_150_lane —— £9..585 — 4.15
— 125105 B4k —— 16-30
3925 — .55

B 17 ZERZHIS0BLHEXESTHERIAETE
A A% 5T AR IR

ical Displacement (mm)

2018410

B 19 Z 55 = 150 R AR aR i mE

SENR

LBFER  SRTE (1999) T LU T4 BB 7 A B R A
TR RS ) 0l S5 58 082 L - [
A
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J& R ToT St MEMS A3k 3 B8] £ X BB BB F

DOI: 10.6653/MoCICHE.202002_47(1).0012

1z lloyig:: IMIEIMIS¥
ERIEFENE S z BB man =

HHER R LA Sl T ARt Bl

EHIE S LY PR BRARERIMAERHLARLERR  AHRRAERTEERTLK -
VR AR IRIEAL - SLIE R IR I e AR FH B E O RL S - AL AR S T A
B bl ok M B He AT A A g6 B A B R B AR IR0y 00 =k o B4 (10T, Internet of Things) =A%
BB L VT R — ARG FEME (buzzword ) ISR B BT WM > EAF SHEHE

» MEMS & #] 2 »

S 38 SAAR 4 [F] S LA AR B R 0 T BF R 60T IR R AR R S KB A A M AR A KRk

C A ARIE R RS /MR AR L 0 BRI MBI E R FE S o RIS FAA ToT 48 B $a 82 3 447 B
BIRHERE E 085 BMFRARRAFINE S L REEZFTd@y A LB RZZHAmARA -

faim

A2 IR/ N - Ry USRI A 13 R
Hii 20 EHYBIR - WIE 1 AR - 2E2ES—Fr A0
JEAER B FPRLERER - AR T 2 R AR AR A B RERE
TR - 1113 st ry A 28 BRI F BAAE AT - SRTT Sz 3t B
YL AT AR SR EH R MR ~ S8R ~ BLZ (LAY
WIEKELPKEEL - 1034 T A/ VAR BREDE 3 5% 3.1K iy EE
e 5 E B IR st R W Bl A A B i o TR
AR Pt e i LT P o [ B0 AR K - EL B I Y 22 P
JE R SRR mk s - RIFLTR S | AF il - 15 H
LR REA R -

IoT (Internet of Things) — & & F§ MIT HY AutoID
oh 0 3 7] A1 ## A Kevin Ashton 2 1999 4F Ff fl] it @ »
R EE R T # E RFID (Radio Frequency
Identification) EHELLBIVITRAE B » (L 1% 2 i A Ky
F AL E R EIEAEES (Internet) WA IEH
R A B AT R A R« SRR (Cisco, T ELAYRERE &
B BLER ) HIRE s ToT KI1E 2008 % 2009 i i E IE
A - KRy TR IRF [T i R PR R B
AR AR B ARV R T O - i 2 BEE T

1 &% 90% AV PTEAER IR

Google HY#IE453 T (trends.google.com) (5 - HilE 4
AN TSR ToT RYFERLEAE 2014 SRR UGE ETF - 1
18 ARy ToT B R BAFTRIIRFBY © 1M ToT HURIMREREAE
ISR AE RIS (sensors) ~ fifi#%El2 (sensors) + B3GR
fi#H (communication modules ) TETi%5 AL HAYE
2 HAERA Bl KRR A AT REA R AR B 1
MERARE EHAEE = ERAGHNY (World Wide Web) E4%
EIFE ORI ERE I Bl =R B i
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120
| NXP MMAB251 | | Dallas D$18820 | | Dallas Ds3231 |
100 1'¢, 33V I One-wire, 33 Il*c, 33v
USSB, 5.07
MicroSD Raspberry Pi 1 Model A+ ’—' Huawei E3372H
80 5.0V
x
= g0
B
& " 3 AXABEAREZERE
20 S = o
k2 BARB P ER A REA
R e il il
0
. A T 2y
sessevsevssesersegssenays [ AE] e i
§8HEE8EE8E5555558¢858555¢88 BATPREZEMNER - b b g
(&1 PEHE Raspberry Pi  |#] 25 B0 /3 & 4 3£ 47 R 22 - 3£ 5b
ST Model 1 A+ (TR 3 M) M [ i i 38 AR L R

2 Google # %51 £ 10T # F oy A MA2 5

ST AT HE A FH AT ToT AH IR e i 288 e i A
ST HIRVEEE - ZIEEBEARIDIREY TR 1 o AS0H
T TR R O P A R A ~ R e B ]l i P 5B 2
PAURe 2 T BH 3 T B9 015 - DUPIRE E B 1 5 | T AYRL
R BEIRKAELIER LoT MHBE Y T A S E 5
TRAS DR H ARG A~ e 2 2

£ 1 RSP BIAS 0 Yk 3 B4R 5% BT LA b S A

W% A

VA 200Hz SEE = db &y ik 0 HAEHEH - =G m
R | A MBS E MicroSD el F 0 16GB #9
BT IR ER4 11 8 A ey IREy LA -

R AG & W ] ) [ = i g A 3k B30 2 A B 19 04
YA > 3EiE WA EAR T RAARE o

WA | IRAE R AT M H RIS IR B TR BRI RR -
BFR] | SLER A APy BER

TiEih ssh o BN HALKER > ETFTRFAE
AEAE o

# USB [ & #E45 A USB 344 & B $y4F Bn) A orhet
HBEBHEE > AFEER TR -

— | EEEIER TR F B AT SR AR

F— N B AT — o 0 T SR sk o B R A R i A7 R
45 0 ARSEIE T AR B R A0 B E A
G B E oy B AR MR BRE T EERA
BHETREHFE - 730 sk3 00 Bop) FoH

fa4+

hEREET R
AR B R B I AR e & W& SR 2 3 s - H
HRSEAR I L 13 B Ry BRI 75 S8 AR R 07 » #3 b
B S AR 2 S R A B b 6 FH A SO o T A
(12C ~ One-wire » USB) DAK iR fitEERE (3.3V »
5.0V) - M2 & S AT AR AV B B B AN 2R 2 - I
JREESOMPARR BANT 73 S — 26005 -

Frenig R FARE -

FA B T AT 0 H A A = b
RS

NXP MMAR451 /i & X AEHT 1 0.25 mg °

RA) B AR 0.25/1000 ~ 0.014° ~ =%,
51 9\#»
Dallas DS18B20 |4 &% & R A) 2%
1 3, . USB /@8y 4G 48F » A Aiké 5
Ko Huawei E3372H 178 499
'f"'g# : =2 N L 1£ BX S| S5 3k
g MicroSD 3I&EF |/ A3t &k 4 04 BL R A}
WrdE AREGLEAGEE RET TR
Ko Dallas DS-3231 0 40 B R
B B ARAF 724 RAF O B AMANCR
;& KIS3R33S  |#4f 2y 5 RAF AL B TR B
o

yEdlEs

Peihlgs — E 2 HEMLEHIERER L - AREAR
(] JGK T 2 B A Y T T B e o) - DA T B B LB
LR - fEHATHE®S (maker) BTH > &RIRITHYRE
FEEE Ry Arduino BASERIK (Raspberry Pi) ©

Arduino JF By 28 A Fll Tvrea A B i% 51 22 B fE V5 o
2005 F-FTBAZE HI A W HIBHEEMR (development board ) *
HIFE & L SR A REHRA 5 Bl Bl
MR A BERIEEE BRI R 265 (open source )
1y 77 R B #E 3¢ 51~ ®IH8 (boot-loader) ~ Bl it &
my % & RS B 28 BR 35 (IDE, Integrated Development
Environment ) BRI o LA EEBRAVFE - 40
Sl DR T - 2 A B (E A& /Y Arduino AHZ
FHZER -

P 7 IR R 0 [ A 7 IR 2 < T ol 8% 8 HESEE 1T Linuix
VEZ A A ERS (single-board computer ) » 7REIFE
—iii - ERIEE E A B ISR SE B DI RE - IR IR
R —EEAIEE R - HE SN EE IR

(computer science) HYEH BAHB FE D - B & (LMY
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TG 2012 RS — AV E IR B FE A Raspberry Pi 1
Model B » GEMH Ry 368 25 0 » &N T 55— 20 3%
JEHIRRAR Model A - HABER T Z A EL USB Hub -+ fi
et /N HE K - 2R —F 25 E—
FRRCAS _Ei7 -+ 1T ST RRCAS W R BE SR R HIRIRE ~ iy
HIRYHEES DIRE (WiFi ~ BEZP) ~ Bl ke HH5R0ER -
Arduino BH 5 555 K W9 # T g LR A1 v 2% 3 H

Hh] DU B SR ] S Ay RRE B GO TR S B @ I R
Arduino * {HEFEZE R E IS AYFEE BB - 5540
EEVTREAR B AV 225 » H— 2 Arduino B B3I {30
fER R - B AL ZEA MicroSD iR REEFARE
HIERL - MBS RARA L E SR R A REEE - HL
HRBERANECETR - AAfEH LR ERE
Ko S TREGERERAIRIZH ADC (analog-digital
convertor) » [KlFL A H ## A5 2H L (analog) JEKHIZS

CRRHIE Bl DIE LR BB BB EE IR 7 =UE HY ) - R
[ Arduino #J ADC AT {4 B 10-bit » H B A58 F L
TEORE PR B - W B B v R P A U L R 2R Y
SEEFF > #E3% Arduino BUE I EIRER TR 22 53 S EAS A
ADSI1211 €y ADC f&#H - K HER R SPI (Serial
Peripheral Interface ) 8% 1°C (Inter-Integrated Circuit) HJ
AE HY A B AR AR © T2 3 HREY SPI~ 1°C ~ LUk UART
( Universal Asynchronous Receiver/Transmitter ) &P J&
LB HE R AT ALY (digital ) AYRKIIES 13
1E R DABE H H rp ey —fE s DL R e Es o Horhi
A R S EHE R — SR R A AN R o TR
i [ UART FIE LSRR B[] 26 B AR (i R e
HIFEEH - USB ARG A MG AFEAE - B2 E A B
ARSI R AR HE S Y o BEAR Arduino SEAHERS i
USB 2458 (#E%FK ~ USB 73 ES) » (HARER
A DL o CSI (Camera Serial Interface ) I J& 3 525 5 52 1%
P AHA AR HES I

B T 2% 3 AT 51 Arduino Bl £ 75 JR B g I 19 25 52

gb - FEERHER 2 LAl R E IRt A EHE R ESE -
Arduino FIA 2 BRI AAHEHY RS » fEmTEte ~ #9E ~
SO PR BRI ARG M S ik B A R B i R AT DA
B2 TR 2B e A TRk R %
(KM E YRS & R FEFR A Arduino 38 B EREE - FHEFT
S HEARBIRIR DI 2 B AR A - (HE R b
HEITHYZ 5089 Linux {E3ERME - KIPLRMEE 2 H e
BB T A 28 ok Ak RS - RSN SR IARERS - —

ER AT PUET AR b - R BEAE R SRR b mT i B el
BHIENR - PIARE U - ZEIE LR Arduino HY o [
—A i - BIERIR E AT DUE 2R P 3 R - 20
C » C++ ~ Python » Node.JS » PHP % 55 » {H{E Arduino
EERIRE IR -

REHERHEES R - i Arduino BiE M
FERES A SR BN EE - EH R LRI IC AR
— RN LB R (STMicroelectronics ) 5% H 2%
STM32F103C8T6 B FAFEti (MERFHT 5 ¥ 200 7T)
A g AL E BT - HAEYRERRE LA TR
MR ER - SRS R ZS EIHRE 54 mA T @

FRETATIKIE » EE TERENRSEE « BAREEE
e~ AR REFREIIE R AT USB &7
DUR S SR e b 2 &R ~ DU SRR R 1 T
AL B s e (5 FH AR 4 (2 BIAIK Model A -
e R EHEHIES -

4 #% 7% Raspberry Pi 1 Model A+

% 3 Arduino L4 35k 69 R 52 b b

Arduino Raspberry Pi[™
IAERFIK 20MHz 700MHz
IER (RAM) 32KB 512MB
HATHFE AR (mA) M 46.5 4 1001
B4 (FeHp)m 742 1063
EAES ki S (o] MicroSD
ADC 10-bit E:3
I2E H H
SPI H F
UART H H
USB LS H
CSI & H
R 7SR E 5 kg 1

 Arduino Uno Rev. 3

" Raspberry Pi 1 Model A+

o s 35 R R 25 0 3] 0 B A HE

9 http://www.gadgetmakersblog.com/arduino-power-consumption/

I https://raspi.tv/2014/raspberry-pi-a-how-much-power-does-it-need

T https://www.digikey.tw * € 4958 7 J& T AR E] B A4F R 094 -

e st i F AR 12 % 5 MR E BR 4 N SEA

M % 2% F1 UART A A& AT 464 % » &% % R# UART 69 -
=T 4% 4w @ fi it 2 UART A& @ T4 AR USB 48 » Aok -
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RCRIZE184E

FraE BRI 291558 (sensor module ) 401 S(a) » KoM
R R A R 28 i P K B R 25 P A 3 < B B R R
R BB b - N AT RE TR B R B S [ H B
EEAR SRR (A 5(a) ZEBIRIIEIR) 7658812
IS HEAENE » ALUN R E B RRFEEE (1) AN
M~ (2) BRAHE IR HEEERE Ve ~ 3) N HERBLIK (4)
SRR 25 AFA% o I e ot P o 1 o BRI 28— 50 > AT L
SRR 23 A RS B - 17 R B A T B R R TR
TERERHAER B B EHE - /M E R Fy 5V 5
B 3.3V 0 B Arduino B EE IR A BN A T EE AR
WA HIRERE & A 2 BB R HE A A (level shift) » 5
AR A B FEF 7 Arduino BRESZREIR © 2 4 AYRGHI
RIS MR SRINDUEEE < By 7 BEHREIEGE - A
AR EEEF T NXP MMAS451 81 58 FEHE AT
ERH (MEMS, Microelectromechanical Systems ) 7l
Y ST 7R = sy AR SR 2 A 4] S(a) 0 H
FE 12C WA THE R R - G R R T
HEy 3.3V B IE R B R - MMAB4ST J21E 201 I+
FireeteE 14-bit AT ~ (RFERN - 88 - HESIUSHY
SHIIEA - KR E S E R R SR TE S
BAFH - PARERSE DT LR 0 DR 2ES
BEEFARIIZ - PORERIR EIRE S TS S
14-bit fEATEENG AN S » (H A E SERE R AT B 3 T
s 1 = il 1 SE AR LA RH A AME - DL MMAB4ST & FE#
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T H 001  BH v AT Rt R R R R AR b
MEL © MAE 2019 4 » T8 1 LS T DUH 2 5 (I 4k 3R B
B e AT O B B = R R - T S AN
HYZE - SR B = iR B T B A G = o e o
Gh o ELE R BN R = o e s A A G
18 - ifi 5 HE AT L EIMNITIRE S - BRT B EER
S AR TR B T i [ B SRR A - HE MRS
AIRERYERSE - BIAMEDIRERE S ~ il d B =X~ A%
AR R E RS - B PR A AR R A
Hh (BIANZSORR ) » o YRR 25 B i P it
HYKFEHZEEC (application notes, B2 SR 1) » &
H A AR BET 2 A R ERH -

T A 8 2 A B o = aly Jyr S A S ) g

(2) MMAB8451 $As = i u ik 4,
5 B AR BAEAREAE (K DRARATRRE)

(b) DS18B20 oA i AL B A 25

JFEBLIRE U BRG] - s B e H AR AR
AHE B RAGRIE LR ERE - A RefS R R AT

T o THIA] oS B B R R 2R 0 @ S(b) &
MAXIM 72 @] H R DS18B20 S Hrh [ H -« #
A ZHE o AHHBA IR B - IR 3 HRATS
R - e BRI AR one-wire BN/
T+ {E 3 Arduino BUZRIEEIK » FREAS AT DIREI B L
AR =S BASTH A0S DS18B20 HYIR BERE H

BEAEHE

R T REPTBASS AL B AR L MRRAER - HEd A=
A 2018 452 11 2G ~ 3G 17 Bh 8 % 1 B 75 11 2 T
A 4G TTEIERSHIREA - TR0 7% % E3372H £
USB /I < $% 4G/LTE RYTEIRE K » A1E 6 - K H
#% FRIRRE - RME % — IR R - AT DI E
B 2 BE AL http://192.168.8.1 DI E 75 BLHIER
BITEIHE R AE AR o AR5 T E H ELEHIR H
iy > EESEIMIF T bash WAL A Linux [ R T E
B T AR RS 20 1709/ ME AR AT BN R 2L
EFRRE A CHEHDEIRE LSRRGSR -

6 3% E3372H = USB /@ 47848 F
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RERE

MIRRIR Ry — AR I - L AFEBE FHATHERY MicroSD
AR R EEERK B RSN EERK R
Raspbian » H ARG Z 584858 1.8GB RYRC
fERZEM - KL 16GB FUREIER - AEEERIERK
14GB HYZE[E T R A BRI E R -

BFEEIRAE
FE— i fE NS - B L — CR2032 HYZKERFE

FL A8 P o S o g e AR R 20 R 1 i e R PR I ]
AR PR TR TG T B PR M FRF ]+ fof B S A PR ]
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fl o By 7 REAF FIT A0 S A 1% Bl 340 ) B L B IRy [ S 65
2K B ISE— RS -

KRG EEE MR T H R MAXIM 2 5 1Y
DS3231 HYHFSEAEAH - 401 7 - HIF A R — CR2032 7K
SR - TE T R R B B W R o E R KR R Ry
MAXIM 2 F]HY DS3231 0% » Hky 1°C iy &
F O ek H ARG R B TR TR R (e.g. A
ABARFRIREES) « /NERATE—FESMY 4KB JEESE
PERCIERS S T AT24C32 » R Arduino Y FHE R
SATREESMUFIE - HEREEIREARRE R R
HIRTF A RER GEIEEH 4KB) » [RIFLASI M E 2 %
S A IR -

7 DS3231 B¥4iisa
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(2) W HHEERR ~ (3) Ee KRBT ~ DU (4) BHRCR -
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F R Z W N A0iE 7 FroR o BB
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A RIS T PR A AR R » R P R oy ) R R A
B ERG SR TR -
fEfa H FE R E g | - R B R IR Bt B2
DL USB iy 5 (REFIERE - HoAl T EE R -
5 fR%FHY USB i AR AR Sy 3.3 fRIFER 1.8 fRRFHIES)
2 SRR 25 LA L R SR o P+ KT st
i > TR ~ Bl b g AR L B I A R AT He 13
(9 3.3 PRFFIER BRI A - BAHERGT L A SR —
T PR R R iy AR R ERIAN 2 5 IR%r - I HREME
Ay LAER R TR RIAT

P i KB A A% & b AR TR BT A B
TeffH - EREEHE R 4G TTEIE R - HR AR B3

SR AT R R - MUERE LU K T REE ML R -
HE5E USB 2.0 T E M LR 5 fREF ~ B KA

0.5 2085 - MERRIELIRAYBIAS & HaagBE ] 5 RRF 2 &2
ERHV IR L EDS - (H 2 REFEREIRSTE » WK 3 A
FZEITHRFBEVLE Ry 0.1 &85 » MR A T 2 LR IR IE
e A e AR DL - RN G v~ 1T
BB EELEL FIHEBEESGHEE 2
Z5G o HUUHIRSFE - AR A TR RERR L 2.5 &
BRI KRR IR o
B 1% ME S B A EHRCR - EHSCRIBIIE R %
/J\%Ab?ﬁﬁ’ﬁ@@ﬁﬁ‘ T 1 SRS RR - B R R
FLAYEERE o BIATRRTERERE (linear regular) fifH FC %
W%ﬁx% + [RIEC AT Ry B8 ] — B Bl A sty ] A EE FH fE
i £ EE AR AR 28 HATE IR R R S LR IR AY B Al
GLARERBE L MEERIRAR TR
BN LA S o R JRR A REL R 5 - (H e Py HE Y FE RE EE R A
HWHIRRE « 55— YRR (switching regular) fH
PSR - AR B REAVIREY  HH B DUt
SERAN BT s BRI R B - o o A BB RR (SR E AR
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/INFE AT H R RR A Fr AR RS 5 ] AR

74

Vol. 47, No. 1 February 2020 +K/AKF] Y-+t H—



AR REREKERSSMZZEN, F#H

Ambioent Tomparature : 25°C

7 -
— ——— —
sl ] P
6|12 1 e h'\“:: "“\ X
T \ N N
‘-‘-‘-"""‘\. "\.\\ N \ \ \
"
G
\ ! \ {HEHIA
s sk it 0.1CA |J00SCA|
g» : 02CA
£
SCA
$ | X
[ e
£ CA_
g4r e 2CA |
7
T 3CA]
B
2k 4
0 1 10 100 1000 10000

Discharge Time(Min)

8 GSERY

LY )i p RN e

AR HiT i Pt A E 88 (E R B e i 4%+ 48 T 22 B
PR A HENE - ArbARnvRE X E ERIEE R 1 sl
ige > DL+ BAGE S AR 4 195 =R =0
Linux FHYTHESN » UK Z#ITH (multi-threading )
BifrEILZ - Hrh > yaml-cpp 52 FIZEEEANEL YAML 14 4%
FPTBERANER 5 WRER - S E A BRI R e
TTRARERE IR o] DA— M S M o A T BT » M n] AER
SEREHIIAGE M - bem2835 2R C ~ C++ BEEIHIRE
1S U U EIR BE I 9 Rt v - DA 12C B SPI
B[R] JRRHI 2558 ST REIZREE (ATHURSH
o GEEREGE - HAEAEREE EEAES) BGH
% - OpenSSH HII’Fy SSH (Secure Shell) 5EER i E IR Ak
U E g P TEAEZC - fo Linux B85 _FAHERY 22 4058 iy
BAMATE - fIHRZER 4G HEES R 2 RS AT
HUfS 4 FRY IP A7 HE 5 Ry BEA5 AL Y 1P ik » ik
EEE S AESER S ARHE + LRF AT OpenSSH
HYEFREEE (port forwarding ) BifEEF% ( Tunneling )

TG o0

AU - KAEEERY SSH fRIAR 25 A BE IRy 22 5% 8 FH R
R Ry ERVRREEAE (4022222) @ 2B
LA SSH i = rh R fal il iy 22222 Bt - BIANREE
PR R SEE Y 22 SREENIR - DUbe R Mk 0
B AEERGILAE 1P AHIRTE -

MAEERHHTE I - RS ERIRE & (1) #tX
HAH (2) BIMEERIEREL - #EABNE
FEBE B R EIEC IR #e R B BHRE A E /T (long term
storage * AIECIEFR ~ BHRRSE ) A HGHEHIER ZEE
A e MR —E EHEERR T — K ARE)
TF - IR K2 PR PR IR RS 1Y &5 an 22 Hb Ak 5 KBk
iE MR HREE S EARNIEREA - FEERAN
DAERRE T M RS an © 40158 5 HHAY save_interval 22
HEE e 2 1 ISR ERCEE Y B
RES TG+ DUAREI A R PIEC IR HE PRk B KB -
RMEAER% 1 o s AR 3 2R B e B - HIRX A0SR0 EE
HIEREEL - ME2BEAEYNERTE - RNE
fin » {HETEREE KRR HIER -

k4 PR HE=F AR R AKX - S

AH A SLAR R &

D5 https://github.com/jbeder/yaml-cpp

A ARGRI YAML # K 6930 € 4% 09422 X%+ 3548 apt install libyaml-cpp-dev R %24 4E A -

bem?2835

F AT S Ik B0 BCM2835 A% db A X 1°C > SPL S35/ dmey CHEEAKXE » AiThEEHE:S
Tk &EMEA o https://www.airspayce.com/mikem/bcm2835/

OpenSSH | % A E b AR B9 ARH M EF X - THEZEAN Linnx FE A4+ hitps://www.openssh.com/

lzma & B lzma2 3 ARG A A E O T AR K - &FA% 5 Linux F¥ £ 4 ¥ https:/tukaani.org/xz/

usbmount

B B8R USB MG sk ey T AARX - 37T A TH KT RBEZAENIHE -

OpenMP

AEAE S PITHOBEAETEMN SRR C++ HF BT 3% o hitps://www.openmp.org/
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station_id: 123

save interval: 60 # seconds
temperature_update freq: 5 # seconds
send_static tilt interval: 300  # seconds

data_path: data/ # folder to hold gathered data
days to_keep: 270 # age of files to keep during cleanup
cleandisk interval: 12 # hours between disk cleanup

ks 7 A HRE R - ARt ek 1
flEl/ N R B ERHRE A IR R RIAIAS S 2 - GRS 44
DI~ H~ H - By 50004 - Blan 20194 H 1 H
20 B (mef/VEE) 043 0 B0 59 43 59 By & K &
FEAFIA 2019040120.bin ERME L H - —/NRFE A 72
EENIREE R BERE SRS T RMEL -
=l AR IR R R~ DURRE - AT REFRY AL
REZEA /Ny 10.6MB © DL 16GB RUEC IR RN HIEE R
REARE P22 R840 14GB AYZ2R AT L Al » At
AIRETERY S6 RAVERIIEDR! Ky TREAE —iRiCIE R L
T LR BRI R - ARIFFEHIF T3 4 AT51.Z 1zma T
AR 2R g/ NRE A BE OB RE S B 1T RERE - SEE R 2k
TR 16.8% HIfEF 2R - it 2B/ NI &R
T 1.78MB 17  KIELAHRIBVECE R v DU AL
11 il 5 B HIZ R -

w1 eyl AR % 2 B2 {EHF USB B &
WEHE A USB 4% » &K ac iR LRVEE & K H it

( iEmsesm e

R EFE SR L FLDIRE Y& Linux {EZER#E N HY
usbmount EFERK o LEMAIEERTE /etc/usbmount.
conf » HHPFEEHE AR ZS RN - ITFRAE R
b S REFR ARSI EXFAT B NTFS 1 5 /AT LHE -
5 HNE Jetc/usbmount/mount.d H §& T A A bash fill A
&+ DIESE B R H B L I T+ DAARERER T
SR (1) SUBRIEIRAVEE R CGERE AE R R /sys/
class/leds/led1/trigger [if A 2S£ AL ) M0 H & HIERE
FEBTAHLE  2) BEMEEEEEB FLUK (3) Fr
GrEEBE R H B EHIE USB FESRE » Mo &5k
B AEE R AR SR W] DAL 2 R e
SRR -

MHEIEE 1 AYDIRESIZR ~ BRI HE ~ DU SR 5 HUE%
SERENZS » AIHIPTBR SRR TR B A [E] B AR AR
A FFERM - BFE T | P s B R [ B =l a s
J¥ 200 X ~ B 5 B8 1| REFIHVREER - & 300
MEHE 1| XERTERI RIS ER E R R ks -
1 7NRFBE L 1 ZRECERAYE R S AT 1 /NRFA B
BHEZEI TR ~ 3 12 /DT — KSR -RAVTE B
DIESREC I -R R FIE E HAIRRNRE R - IRAEFFZ A
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BEAE A T2 4 Hhimfk—TERY OpenMP Hfiif DUZE A& 2 {[E A
1THE - BEPI TR TSR BRI R N — K53
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AR R FEFIH OpenMP &AL HIHTHUER (task) -
AN RIS 7] LB LI AT L AN RIS THES T
FhlE 9 Hha] DLEEIA PUMEAR AR ROV - 23 0N
W~ R GHEERNE_ AR - DU R E
SOV RIEERIRF AR - —(E2 5 H AR &
CLRIRE A B R IR BT ARGRE ~ S — W e (e s

ABEHIEORHF » 25 5 R AR S B 1 KO8 A RIRE AN A
RF - ARET— /N R B R O e B K HA S
PR T o SR Ol A 1zma K ERRRERE A RE 2R - DA
HfiRCIE R -

AL 9 WA - AIE SRS E EX i H Ay
fER & 2 e fmllkss - H 3% UDP (User Datagram
Protocol ) 3 #H 177 & # Ek B U7 [ry X AL el e 2%+ #
B LA fEI Ak A i U — R U e 2% B T 2 Eﬁﬁﬁ%ﬁﬂ’]
HERIE N - & KA L HHFEIRZ 12 5 R Bl

Node.JS j& H R EZ#H - 3 6 Ryfllikes E#H uDP
FHEMER - HPaE T (1) 51A sqlite3 B2 dgram /{

i ~ (2) PR sqlite BORHEHARE 2 ~ (3) HEf LI UDP
Y socket ~ (4) EILEIFHERTEAY parse pA=fFRE S P i
T3t P EE IR IEIL saveDB RE =R ES I RHEA
sqlite BARHE ~ (5) FHAGESEE 12123 S@FR - [FEER 6
R X E e Ay =X - H &4 parse fll saveDB
WK A Y H T A e i 2 b i =05 H
ARER T LA ST -

&R F B TR R E R 2 2% - W BH 2 R e R
R ERERERHERIRF A & B 2 B - 206 10 7Y
4 H 3 jQueryUl 19 FEMEEH N A —¥8 B AR E 7R
B AL AR T B 1B PSP ~ 37558 jQuery U6 fA] R 2R HY
SEIEER - W Google Visualization API U7 4%
BELL X-Y BfEryE =l T 285 -

%k 6 FREEZT UDP Haeyfz

let sqlite3 = require (‘sqlite3’) ;
let dgram = require (‘dgram’) ;

let db = new sqlite3.Database (“data.sqlite”, sqlite3.OPEN_READWRITE) ;
let server = dgram.createSocket (‘udp4’) ;

server.on (‘message’, function (msg, rinfo) {

if ( msg.length !=0 ) {
var info = parse (msg) ;
info.time = new Date () ;
saveDB (info) ;
}
1
server.bind (12123) ;

8/30/2015
9/11/2019, 6:00:00 PM - 1/31/2020, 12:00:00 PM
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The core of Globalization 4.0 is the interconnection of digital and virtual systems between countries and the
circulation of ideas and services. The best representative technologies of the fourth industrial revolution are Artifi-
cial Intelligence (Al), self-driving cars and Internet of Things (IoT), and will affect many industries in the next few
decades. To face the flood era, Al technologies would reduce the risk of flood disasters to achieve the sustainable
development of water resources and environment.

Based on the characteristics of spatio-temporal distribution of the regional flood inundation, this study has
developed the Al city flood forecasting systems that consists of the self-organizing mapping network (SOM) and
the recurrent nonlinear autoregressive with exogenous inputs (RNARX) model. First, flood simulation data is used
as virtual big data for model construction, then, the proposed systems can continuously learn from the real-time
data through the Internet of Things (IoT) devices to improve the accuracy of flood forecasting. This system has the
low hardware requirements. After receiving real-time data, it can produce the next 1 to 3 hours flood forecast maps,
KMZ and JSON files within a few second. Users can browse the forecasting flood inundation information on the
Google Maps. In the future, when achieving big data of flooding data in local areas, the Al technologies have the
capabilities of analyzing big data and integrating multiple data. It can integrate various kinds of Internet of things
information related to flooding situation and provide real-time flood forecasting of the specific location.
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