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Crime Hotspot Analysis:
A Case Study of Vehicle Theft in Taoyuan City,
2015-2018

Tsung-Han Wen®, Tee-Ann Teo?’, Tian-Yuan Shih?

Abstract

Theft is a common crime. The occurrence of theft has the highest percentage among
crimes world-wide. Among all types of theft, motor vehicle theft has the highest rate in
Taiwan. Crime analysis with spatial heterogeneity and spatial autocorrelation could
provide better spatial reasoning of the crimes, than simply deriving quantitative statistics
with administrative units. This study investigates the theft of motorbikes in Taoyuan
metropolitan area through mapping the locations of reported theft. Based on the
Geographic Information System, both macro and micro approaches were conducted. The
former was carried out with a choropleth map to delineate the spatial distribution of the
general trend. The latter applied kernel density function to generate maps of criminal
hotspots. Global spatial autocorrelation analysis is conducted to evaluate whether there
are clustered spatial patterns. Then, local spatial autocorrelation is utilized to derive the
hotspot and identify both long-term motorbike theft hotspots and recently developed
potential hotspots.

Keywords: Crime Hotspot, Geographic Information System, Kernel Density Estimation,
Spatial Auto-correlation.

! Master, Department of Civil Engineering, National Chiao Tung University.
2 Professor, Department of Civil Engineering, National Chiao Tung University.
Corresponding Author, TEL: +886-3-5712121 #54929, E-mail: tateo@mail.nctu.edu.tw.
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.z -
AR-T %

Hi 25 @ JUIRHERHGT B 28 NRAVERERDE - rioT 1954 F3RELE
2o R E IRt AN HRVFR R O s & P IR R AN SR A 2 A R R -
RHEK 2 g R BRI - DAORIE B B2 4= BRI P v Ok 2 B (HERR R > 2020) -
BRI 2 %% > Hph g UFRN RSt > K2 @A 2R tP IR Z 2y
BROASE GBS DUIRRE R EE i - [l - MRS BRERCR EBNESE
FEEZ RIS BRI L R ZHEEERE - G8EBERNT SRR RE)
BRI L - BRI IR MBI E > FEZE SRR E 1984 1Y 27,962 4> £ 2004
Y 330,097 7 - FEZFEERA(FENE T 10.8 (H(40E 1 Fr) -

1984-2018F8 2 BT 4R [E
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Bl 5% 1984 & % 2018 i f3f % 1 dciest MBI p Brcd Bacint &47)

ATEACZ BN B E BUEHE TS IR 2 (5 HVIETE - B 2005 £ 328,154 {4
£ 2018 1) 47,591 1 > FEFEFAEMFRONIERC) - AlE 1 FrnHZE PRERAT Ry 2005
FHINGY Z— » FEEEHAFZER I (Gallup) R R84 T 2019 SERAHRELY
5% | (Global Law and Order)H » &8y T 7AFREARRFHEE ) £ 89 47 » BUATITEY
A Rt S = o T Iy 97 Sy EIRASE = » BRI BlA TSP Z 12
Th o RSP e e LAy E RS FENY - RIEREE R Era R - BaT2%
FHYR IR V4% - BT’ 5 EEmEEAe - BREHIETA L,
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PRSRIEE X3 B RIS ~ A R s S AL R
AR - b B SIS » AR BB B
FFBETTS Y — » ERREEIR 57% (BREHT > 2012) » B ERREA L AR
5 B AR TR R -

TRIBABCEE B 2019 SF4at - R8s 2014 FIRTRCE - PIREfE AR -
FEEZLEPT T EEREEVEER T E ) T RS E R BT AR
BT AT EESERGTE ) KT RAEFESFVIEIERE ) TIEGRELIFT
= MILSEREAY AT AEH T EE T - AR - JESRENE DT Ry 52
RRBEAE SO AR B L R A i AU BT Y E RS (K -

S IEHY R E AR e 2 BB R R ELBUT RV E L > AHRRIESRESEAE
FEIASNG Eatam 7B IR AVIEIRE SR R BT DUy R R B AR TR 21T
Ry CHEEREBRFUIE SR A S 200 (FH4ERE - 1998)  MIFYELURREH 7y 2 1
AL (B BBEUTREE - @Bt BRI R AR 2] TR
B R e Z RS - HE 2 F T Re(E U TR R el A 22 ] BB 14 (Spatial
heterogeneity) 2 35 52 - [F]H - 5 /R = RERA R FE (22 ] o3 Aty M 2 Z2 e 5 AH T (Spatial
autocorrelation) 73 #fr » 5yt s AU TR ER S AU AR ERE J) 2 B 2= ) 88 SR Ay R BT B R 051 59
(fE 2 - 2006) -

2 EP I E R AR S B B RIBA RS > SR B B RESE 2
BIRE RS EBUNTERBIRCE & - kB ESREieft 2 HkE MR -~ S E
TTHREE F 22 & B9 A\ B BB R TR E s Bt B B A A
&ier o (F RHRBURBIE R IS H I - ZROUTREAL AT DL R/ BT HE T (22
Bl > 2010 5 ORAESL 0 2010) - BEZRERRERSEIG L AR - (HEE PUFR L SR
BAAZRNEER  SASTE IR U TR & (et BT 2 565 -

AEBNILSEA 24 AR E R S R TAR &5 » FIFRE SIS A
AETTERE R b e > DAS IOI0 58 22 R R\ B 1Y B 48 43 4 > DL Anselin’s LISA F
Getis-Ord’s Gi 777553 MTHERIURHEIE A SR EHE E (BHE > 2020 5 (55
2020 ) o AENES AT T A 2 DL E FE 2 A 732 0 Stbh Moran’s | g E #E T4
AT 0 DRI 2R B AR TR T 0 DR A BB B A (GRIS R
2018) -

AH7E HE B E B RE R A ZE BB - EERE TR R R AU IR [ B0
DI ER 280 R R - EZWTFE ) R 7R B W (K - mirg 22 AR R Heat
REEETHREBREETRESSE > DIERZIUIRMBIAYZZE 010 12 E ZEMEA
[E R N HYEREE 34T > SEARHE A [RIRY B SR AT T 04T > BefR T DASR SR BA L -
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S EEHEE

AW RS EE R R B DR E T BUR B BCE R -5 Tak - BRtEeE Ry 2015 2
2018 PUSEHIBKE TR EEREZIUIRE R - 2R R SISO F REFHY CSV 1 > &l
NEE S RS AR (- A~ B BEEA (7 Fr) -~ &R -

EEER R BUFERBIRCE & NG B e PkE TR E E - B A E R -

PEE T R NEt & E g o AR E R FH B A B RECEERY Quantum GIS v3.4
(QGIS Development Team, 2020)Ed7s fi]4i st #kge GeoDa v1.14 (Anselin, et al.,

2006) °
(—) EEERX

FE7- 8 e K LATaT £ (8] (Choropleth Map) » £ 57 g (05 2 - 4@ B E B TRIHES
ZEfEioAn - R EAYFEE - Ryl B YA 2L 5 a% 22 o0 B RE YA -
A PAs E Y [ T TPE =0y 70 38 o T R T 2R TR KM 22 - A [FI YRS 77
BT B EREENVEREN - HATE RAVER 2 BUEA N ERAHE
SRR Y T B 24034, (Natural Break) ~ ZEEER(EHY " 7%, (Quantile) ~ 1
MRERALEY T [EEE 5 (Equal Interval) B DUSEAE 72178 fg 0 JHAY | AR SRR
(Standard Varlatlon)

At7E 5 ES LSRR ALY ZE M 04 - MREAU IR RHEZE M _ A IR RS -
WOEIRREA T B BT BT - T B ReEBIREAT George
Frederick Jenks $gtt! » 5 fESCAEEH(ERA B P EA PO R 2 m ME - [FI
{E AR B A R P E R R = R R BT 3 Y » JREE: - 3% 5 E Ry NE
2 AR 2= S A b (Jenks, 1967) -

(E)MEEX

P /\Eﬁhﬁ/\?é‘ﬁﬁ Rep i E A LLEM’JIJ:’ SENETT R > 2
tH DA TR (i AR HET T o M B S & A T e AR 17 22 ] B AH BRI VAR TR N & 73 AT i
TS S UIRRL A Y ZE IR R IR TR T 2 -

75— RICSEREE RHABAERT I M B e T T A8 77 Mr(Nearest Neighbor
Analysis) » S3HTICIEELFE IR 5 BB A ERE - BUASUERE - BT
MOANTERES LSRRI B B e - (HASANFEEUINAIE - Wl ERASA
JUSEENEL - B 1% 7 AL R TS HE (52 (Kernel Density Estimation) » [T A 5835%#@
WA E AR E SR > RHIETREEN AL E -

FEZ WIS AR BT AL > =R Z BRAERY T A R U SRR L
WA - TR R DB EE R R LAY ZE R B AR AT © R E%ZWEET?ZZ)‘E*Jr
RERET(E - B - #)E S EAIUSERELZ 01T - DIAE R R E R T 22
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HERAET R - [FIRFRER B EHE fefe 0 SE 2 I AR RE I E A& T B 2
B o BRI EINSET RIER - K& RIS BT NRVIO TR R Ta T E I T H B
M F1R HE T 2 I8(Global )1y 22 ] EAHRE 7 1 BRe & RUS BT/ 2 ey o s
7% Moran’s | {HHIETIEIEAET T2 BRI KA B ISR L E (z-value) e (i B RAZ
[ o SRIEIZEFARENESE - AR EFEEIITEENGHIIE » BCAHseE
F Anselin (1995)f& V" 2= REFHEE 2 @I F542 (Local Indicators of Spatial Association,
LISA)¢: Getis & Ord (2010)4% 21 e Getis-Ord’s Gi(d)4 =1 7772 » & (Local)HyZE
] B AR R A LSRRV B R AL B - AT A FEE /KA E RILFEN &
HAZAIE (Permanent hotspot) B 72/ F & (Potential hotspot) -

1. BBt (Nearest Neighbor Analysis)

B AT o B 8 8 LA BT R {18 R B A 9T R 2 TR EE B - H Ky d, (Observed
mean distance)(={; 1) - IFEA " 5222 fFEi%M: | (Complete Spatial Randomness, CSR)
A FETE R A RIS (E 41 TER R d . (Expected mean distance) d fE5 Y2 5 FEhH
Felim s iE S AR AR HASE - d e Rt B AT R A EEEE - n SR (RRE
498 - Iyy(Nearest Neighbour index)B[15yd, Bid, W& HYLLIE (K 2) » “PIEAT a8 i
= HRETEEE R IR H 8 BESTREEARN 1 RILLERZ BN Y
i s BAEETE GRS/ R 1 RILERZ BN B AREN M s
Fotrea B EREO 1 AL E R B EE i (5558 » 2007 ) « 3l A DUZ
AEREAE(LAE Z-Score i (LB FR B I HLHVAZ (X 3) » Z-Score Sy E do BLEASE (E .
Z A E A HAEAE R 2 LE{E - Z-score B{HFRTNARRIE » BB oK EEE
HHEESE S 5 Z-score TR{HFRNBEHCR S » B HOR RIS A A -

_ Xdij

d, - 1)
do
dy—d,
Zscore = std (3)

2. ZBREHA{LE(Kernel Density Estimation)

E S AR SN TS BN IS 2488 > 1& DUSHE4gRE b OB A T =
P s E o TR EE AR SRR (R IR AR 2R
HERAIER S CORAETL > 2010) > DABEARF AL IERMU AR R L B (=] 2) »
AR B AL AR

T

fo) = =T k() @
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Hoep f(s)FR % (Kerne ) (S BN B E(E - s (AR R EHFTSIR N IV ID TR B ALATE
S1,S2, - »Sn 0 N RIAUTEREARE - TREEFESE s — s RAES | B ERFHTAE
& - EREEREEEORN - (ARAMSRRENIRSE © K HESE 7 HREE
R S TR RS H A R B FE R Z AN - AT DS R R L A% s
R AETE Ry 500 AR CRAETA » 2010) » 488 K< a% kR 100 A RIX100 AR 5
PR E NV E RS BTE O EARE T IR

typical kernel
event si ky \
/
-
- * .- L "o
- - -
LY o - bandwidth T,
-
/ location
( / | 5
Study location kernel
reglon S, Ky
bancwidth T,

B2 ¥ % & 42 5 /% (Bailey & Gatrell, 1995)

3. ZBZEfEIE1HEE (Global Spatial Autocorrelation)

IR ZE M B BT RN DA T a2 A %%T%\%Z%ﬁﬁ”* 75 R 88 B
M o ABHFELL Moran’s | {EAE Ry 38R 22 ] S AHRIUARE » 1548 GeoDa A HE(E
ZH 0 M Moran’s | FYAZA0E -

N XiXjwi(x—20) (x;—%) ()
w Yi(xi—%)?

[ =

Hepo N - ZHEEEE . w;  AAEAIRAVREE © x - BPEEHVEEC X HIE
BHSEEHY  W e REE SR

AT 22 IR B ST RS0 R SR EERIBURE EHY Queen contiguity JE 28 2 ZE[EIFHAD
FEFEANE 3 Fror » FHARZAZ [EIRE B w58 F AL [ElEm (Graph  theory) . Queen S AT FE[H
FTor o HMS hE—(EZEREIT i Z5E 5 (edges & vertex) Eil s [E] N 25 ] B 7T
i G=1{123,.. n)Z=EHA i > 5 1 B AR R By 1 AR R 0 2
48 Moran aiﬁﬁlaaiﬁlt?r% Moran’s | {E{& <G E 4 - DABERAH & (B (Random
permutation procedure) & F2 #E{ TR S ATHYEEE Mk E © GeoDa FE{EEFZLN | ¢
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Al Moran FAfilEl « SRMERESHURERERREE Moran's | BYflEHE > EATELE
EMERERIIAERR » Hrt Moran’s | Z2RoR H ARV AE Sk Z2 i TP o ARy BRI
J& o VMEMESAIES 1 2Z/H - 1> 0 RyIEAHR - | <0 HetErs  [ElRFoRZER A
BERAVIRS ) K2 [EBMRFoRZE M o BRI - T E Y 0 B > BIRFRZE
[l o3 ffif 2 SR BE 46 -

i N A—

< o= <=o::>

$ 2-3-%—

Rook Queen
Contiguity (Hf )

B3 7 & 4pak4etL 7 £ B(Tenney, 2013)

Mowan's I: 0.532
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HEAE
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EEARFIHGERE)
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HIE MR E S 7y i Bk Moran’s | 4ist SR B IRAE(LHY Z-value HETT -
Z-value A F{41=K 6-8 1 £y Moran’s | {H; n SR8 (REER) < 75 SR /KRR T
#r Z(1)=1.96 I} » FornHZEE o fia AV IEMR » Z()E TR EE 1.96 2/ > &
FRZEE T BR PN A AR - 22 BB IEESS © 45 Z(1)=-1.96 I » R RH 22/
Jrifi 222 A AERAM: - Moran  HRlE 2 SR MERESHIRERERR ML T Moran’s | 7 fH{H >
=% yE iE i B 4 (Randomize permutation) {77 5> [& 5 1 permutations FyE A%
LA 0.001 1 Ry e im0 2 pseudo p-value » ERIFTA BEIZHVEIZ EHA & 7E
AL EIREE SR Moran’s 12 RIVE « | RHEREEIZ Moran’s | {H > E[I15 |
ZHHZAE > mean Fy2E A 2 SEHE > std (RESF M e (R 2 > z-value Bl 5
= 6 FTRZGER -

PETRE R RS R Rydeat BT E - AE 5 B Ry 22 o AR MR IE AR 2
) - SRR R EIEEEE . Moran's | {H - firiMEEie e MR E R 2 A
FornEFEBZE M A2 A B R R -

__ I-E[I]
Zvalue_ m (6)
E[ll= -1/(n—1) (7)
vl = E[I?] - E[? (8

permutations: 999
peeudo pvalue: 0.001000

I: 05317 Ef}) 0.0004 wean: 0.0005 =d: 00106 z-velue: 50.1259

B5 Moran’s | % ¥ {+i& (¢ GeoDa A %)
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4. [FERZ=fE]E1HEE (Local Spatial Autocorrelation)

FH S S sk 2= ] S MR A SR SRR AV - &7 Anselin(1995)F2 ! 122 ]
EERHE R El fa R (LISA) » A DURZRSG BT & - FLIRH Ry i R Ay 22 ] 5 AR R
Moran’s | F7E(f - & 5 rf Moran A i -y PO{E 52 IR 7347 =] A DA Er i 22 ] B
TLAS BB ZE BT G - BPRE -RIRFRZ ZEE B TASIEI RS A E]
Rt e D TR B ZE M BT e E  (BIAFRREN S —RIRAFTE ZEH BT E KD
TERUEL - MUE(HRY LISA BEK[EI(LISA cluster map) r] DUE Y RAVEET 720 1&15
HZE M BT BRI R R T BRI 5 HETTHIET H 22 R R A sk > sl 2 ik EIUIR

[ ZE ] B AHBRARET TR % - ASEfER LISA (Anselin, 1995) B Gi(d)
(Getis & Ord, 2010) 275t 7= » HEE AN MR

lLisa = Z; X Wiz 9)

Hepo wy; AR EIAVREE © 2,2 © AEZEREEITEEE(RE

Xwij(d)x;

Gi(d) = =

(10)

Hepo wyj(d) © BEAE d AHASER L EIAVREER © x;.x; © A[RIZERI BT 8

B LR TR T EY)

TEBUNBIICF G Z E B R RO &R NEEaRFFEZ NI
(£~ A~ B~ EBEEA (7 - ) &EEAEEEBEHER - B ERS =T
Z AT AR [F R0y 4 RS A BB RR R S o AT - 4] 6 - RRZEELAL 34T
(774 Quantum GIS v3.4 FiJFHRAG 4G - (OB E T AR EE RE 2 BE (L o0 ffi i DA IR U
TR AL EAIHERELE - BUFGIIEOEZ RUE -

WI5EMETHREREETTE 20168 B TR EZLE FHHE

A
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20174 P T4 595 55 2 445 B 2IBEHATRERERTFH

A A

F16 ¢ F]% 2015-2018 & 5 2 3 85 A 7 )

(—) EEESH

BEBB R SRR S TEEIS) BT B TR - LA
S T RS LR B AR A R R RE S - B 7849 5
43 RILLE(Town) ~ B (Village) ~ B/NGizHE (Basic statistical area) 2 2s i B8 e8I ER
B MR LB » S 2015 % 2018 AR5 FIE(TA -
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§

N

=),
3

2015 . 2016 s

. l/’r
B9 $+HFF 2015-2018 & 14 @ #F & £ H(BSA)

DINBE U E S AR GHERE - 58 L EREL EREPE SR
JBTRENEL - HRMERERAIUTR R Ty st & Z RN 2= M B TR RE - sh=405R
Bz HEHZERTER - Bo Gt E ERVRET - fEsE 20 TRERIITE 3] > U5
a2 FRZ LGN T2 > HE5R - BREE/ N NGTEERERE SETNE
A& AL > WIAHRILTENE - HADTRAVSE AR A Z IR ELFRER - At
FURFEE 73 ERi 1000x1000m 248k (S5 > 2015 e > 2016) - MEARSMAE
s QRS 750x750m &z 300x300m 7 &g 2= e 5 AHRHE TR _E 2 2% - Bl IE
10~ 11~ 12 - §ERRHY VI EN T 20 Ry e e [ E HY AL 45 FE R ] - 1Tl i S FE R (E Pk -
A5 AL 1000m ~ 750m ~ 300m = f{li K ERETH EEAVEE - BiBaEaUIET
AHVHE EESH - CEREREEE AV A NMERE R B R E R AR E -
L/ IN(300m)HF B FEAT BRI 7347 - AEAR 5 0245 1000m B2 750m ZIRAVIUIE 3 Am S
T EE - R AE WD Een A& BB 1A R & ~ B B e e Tl o SRAY TRT 2 [ HY -
A ] LARE EAUSRREAY 73 A1 2 XK » M SZIRFOTER - BEAGEIRRE IR AT
B2 R E R P oAy - (B B AR - H ARy R A 8
ENEIESEELEINES NSRS~ 5% S0

i i Y . i
B y e EhEd R > T 51 . ; i
| : S i e /f EEH A )i i
1 1 222 : FHE i FHH = i
G e ama=ary e e : Grad aaiy
= 1 - ¥F‘ D i > H
,Jq;é_:\:; &,' Y N ' H \ HH i :?_f__ah
i sty i
2015 I 1 2016 = : 2017 e 2018 2“:
& s B s

B10 ++F+ 2015-2018 & 4% & #5:L 5 £ H1(1000m)
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r

o
2018 ﬁ?

F11 }¢F® 2015-2018 & @ & & £ F(750m)

M12 }¢F® 2015-2018 & @ & & £ F(300m)

(2) JEFRRE T
1. BB T

PR X LSRR PR - S A s A o A e e U SRR (L AE ek s ) TP B
HPRGAE - DI A TIU IR A B 4a B - SR R B Ry e A oA
EERATTR 1 RPZFIHIRIAIEEE AR E B/NR 1 vE - RREeEZE
[ AR IR AY 54T - Horp DL 2015 SRR (R 1R Z-score {HE R AT L IREL(L
MRS > HBELHER =2 RA R > EItkE T ISR A 22 i TP &l RS
B HFESAIE - 808 n] DU TR S AR AL A BB ] -

2015-2018 FEAEARE S AT TAIEEIGE 13) 71 DB BB i AR B
fir 537577 2015 % 2007 A R EHEE NG 1 = FABIE SR KNS R B AT 4 RS -
PREEIDIRA  EOREES T 2018 (R TRABURATR, - (B A BANG S AEHErT
B TR S B BT R R AR T LU e
BTN BB (SRR 20— (LR @R - BB i R 55
EHEREZTH -
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21 BATESA

L Nearest neighbor index Z-Score

2015 0.32837843146087475 -66.3788622832287
2016 0.3388545903710266 -61.61362186924572
2017 0.3581429579796887 -56.09580926608075
2018 0.27742836511949526 -58.18936938421187

BI13 ¢ FH 2015 % 2018 & 444 i 445 % & W

2. Iz EAERE AT

D PR 22 T 3 BT BUD SRR B 1 2 B - 55003 AEATIEE - & -
IR/ N PR L = T RIS A/ N 22 B 0 e 2 T AR T S e £
ELLEEHER > % 2 DUBSRERZERBETTHY Moran's | HAmEIR R SRR
RE% e ISR Moran's | (8 R EHUEINE - BIRFRZER5 i 5y B AHRA DGR B
B » A0 14 - DAKERS Fy 2 I EETCHY Moran's | EERAIAE - FL B8 95%( L)
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Exploration on User Feedback of e-GNSS Using

Depth Interview Method

Ta-Kang Yeh?, Pin-Jung Chen?, Shih-Min Hsiao®, He-Chin Chen®

Abstract

With the mature development of global navigation satellite system, real-time
kinematic technology has become the mainstream trend of surveying. The Ministry of
the Interior officially started operations on January 1, 1998. The National Land
Surveying and Mapping Center serves as the national surveying and mapping agency
and is responsible for the real-time kinematic positioning system. To update and
maintain the e-GNSS website and operation system, and also provide diverse services
for members on the e-GNSS website.

The e-GNSS provides users with a convenient platform, and the actual
experience of all users should be adopted as the system maintenance and
improvement guidelines. Therefore, this study conducted depth interviews with 21
users in 15 institutes/companies. Through the interviews, we understand the user's
feelings and suggestions for "registration and payment”, "real-time positioning
service", "other services" and "method of the operation manual”. According to the
interview results, most of the interviewees hope to have a more flexible pricing
strategy for the current e-GNSS method. However, the National Land Surveying and
Mapping Center considers the benefits and costs of its operations and still maintains
the preferential schemes currently provided. While most of the interviewees, the
necessity of revising the operation manual is also proposed. At present, the National
Land Surveying and Mapping Center is also handling the preparation of relevant
specifications. Finally, this study summarizes the wuser's suggestions, and
systematically feeds back to the competent authority, and incorporates the user's
suggestions as a reference for future system improvement to enhance the convenience
and popularity of the e-GNSS.

Keywords: global navigation satellite system, real-time kinematic, cadastral surveying.
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On the Comparison of Three Self-contained Pressure

Tide Gauges in Dongsha

Tian-Yuan Shih*", Shiahn-Wern Shyue?, Tee-Ann Teo*

Abstract

The self-contained type tide gauge has the sensor, logger, power supply and other
required units sealed into one container. This type of gauge has been widely deployed
into the sea for tide information gathering. This study analyzes the data collected by three
gauges deployed at the Dongsha tide station. These three gauges were placed vertically
on the same staff in a six-inch pipe. The sensor zero of each gauge is taped at the
installation and also at the de-installation. Because the gauges were purchased in
different years along with the project’s progress, the most recent calibration of the
instrument pressure constants are not the same. They were calibrated in 2012, 2016, and
2019 respectively. From the average of observed tide with each gauge, it is found that
there are 0.07 m and 0.02 m drifts with the gauges calibrated in 2012 and 2016. Observed
from the correlation coefficients, the form of the tide collected with these two units is
also moderately deformed. This study provides evidence on supporting the need for
gauge calibration. In the depth conversion from seawater pressure, this study also found
that the deviation between the simplified conversion equation and UNESCO (1983)
equation reaches 0.0066m in the data processed.

Keywords: Offset, Calibration, Statistical analysis, Pressure to depth conversion.
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2 Professor, Department of Marine Environment and Engineering, National Sun Yat-sen University.
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= HIET  AlE 2 2R o BB TP S > SBE3ITP ~ SBE39plusTP ~ RBR
duet3 > BHIEF ZHREESHRE L S0 - WL BERF RN > IULR RN - AT 5eEis
SEAEHAR By 2020/1/12 09:09 BH#G - HUHIHEE By 2020/6/6 08:24 - {E/E > SBE3ITP
ZEIFRER - FrEEIFRE IR - 2020/3/26 08:12 1R FE B R {T4E 1R 4T
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duet3 S H¥PET AL (6 - SCIRAG LR 2 BEithaE JJ3#: SBE3OTP KiEiest - fic
Bz E T THRENRE > SRR MRS o N FEnaE IR A
Hr—{C USB A8 ZHENmE » 1M#E LA RS232 {HigHy SBE3OTP ZEHIE PR - (H2
SBE39plusTP £ 7/ Bl A A4 B SBE3OTP AH[H] -
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Z 1 P 3t RK 2 w = & p 8P (SBE, 2009; SBE, 2017; RBR, 2019)

SBE 39 TP SBE 39plus TP RBR duet®
20/100/ 350 20/100/350/
. 20 /50 / 200 / 500
SO / 600 / 1000 / 2000 | 600 / 1000 / 2000 / 11000 m
/ 3500 / 7000 m 3500/ 7000 m
FEIEAEE +0.1% FS +0.1% FS +0.05% FS
FEAGHEFE () +0.02 m +0.02m +0.01 m
fEEfE E £F4F 0.05% FS £54F0.05% FS FF4FE~0.1%
fEAEFS E T () 0.01m 0.01m 0.02m
FEtfT e 0.002% FS 0.002% FS <0.001% FS
. 32,768 Hz TCXO | 32,768 Hz TCXO
SIS L SE | L S <10ms
RGN 05-sep-2012 03-nov-2016 18-may-2018

HFfIRVAC sk ELR O BB (R EE 2L - = HOAAIst3any 2020/1/12 hifEis ELEE ST
IR o BEASATS AL SR RT—/ NI » DL SNTP el iiafifon e - (R &8t
5 (F] Ak s time.stdtime.gov.tw 4855 » DL 4G HERE SRR  [E ] 2 A AE =0 B
B [ B A 2R 12 B F B = (https://www.stdtime.gov.tw/chinese/home.aspx) &% &
NTPClock = hk V2.1 -

FPMEZIE B ASRIE Rl ool ~ Sobkiban - UGN - SHLIRE
TNECHE - ZIEMH A EEEEY - 2020/1/12 REZESN RBR 81086 2 BR S Ay T A -
BRTA B ERE - R - BRBEWEMDIKEAG - DEE S - Sy
FERE > TREIRBAT > 52BN, - $Ll 2020/6/6 EHIE R ABTFEELEHIE - #%
KPFBACHTSE - R_PE - =M ERHEE > Bt EOAZR 2
PRIENG S R SR - W i e P RO R 2 T Rk =5 T Wt -

420w B A pe(E i m)

s 2020/01/12 | 2020/06/06 fLiz RAEE 1 | fSEE 2
SBE 4915 2.885 2.884 | 4915-8615| 0.315| 0.316
SBE 8615 3.200 3.200 | 8615-RBR | 0.305| 0.307
RBR 81086 3.505 3.507 | 4915-RBR | 0.620 | 0.623

Z SMREBB AL EE
BRI SIS B4R ) EE R RBRELE/KER » IR AR - 155
KRR B 2 7K BR - FRVE /KBRS B E/K R 575 Ba A 5 5 701 UNESCO (1983)
NFU(RBR, 2019b) « AWHFTREIGEA - LE¥HE - DURIHITEEE BB - 7KELT 3 m
B > f5 50708 UNESCO(1983) /A= (i FHEEE (S) 35%0 ~ JRE (L) 0"~ AHEEILE R T
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f > 72{E2E 0.0066 m » Fyiy K o (£ DA A B LS RO Z B S BRI » Z2{E/ N
0.012 m » [X Fy UNESCO(1983) A =i Ry » # L UNESCO(1983) A= LR Ky
TREIRET -

DS —&HE R - SR EERZ SZBEAR 3 Al dlFiFTal - 545
E1 UNESCO(1983) A FUATTRSZEAHAT » Z2{EAE 1 297 » = ({#SZ#E - B2 SBE 4915
AR E SZRE - = {E R ESECT ) -

% 30 =T o gz 4 (106504 & ; ¥ = 1 m)

hfas | 8K | UNESCO | 5 | BE(UNESCO) | #HE(f5)
4915-8615 | 0.316 | 0.2746 | 0.2741 -0.0414 -0.0419
8615-81086 | 0.307 |  0.3300 | 0.3294 +0.0230 +0.0224
4915-81086 | 0.623 |  0.6047 | 0.6035 -0.0183 -0.0195

MHERE - BURI L BER > RRIRIMH DR RE - AHHSEEEA Gretl #2530
(Cottrell, 2019)5+5 - 3 EI55—4HLL UNESCO(1983) (LR Z/KAFE AR (R E - HH5R
4 w5, - SBE 8165 £ RBR 81806 [i] Z HH B (A #fiers; - 2 0.9822 - i 5 A BT
R BN - B REEIR A -

% 430 = 4p B % #(106504 1)

SBE 4915 SBE 8165 RBR 81086
SBE 4915 1.0000 0.9733 0.9740
SBE 8165 1.0000 0.9822
RBR 81086 1.0000

5 HBdR AW Rz ET(SBE 8165 K RBR 81086) il {ir fHEH (4% 0.9821 -
APl TR 5 Bk 6 - W WIS T Z B S fa e fr = & Ryiedr » B
%% (Coefficient of Variation) [N RiiF - 2 % - S EPZEHE -

# 5 SBE 8615 7 = %3 (210196 % » % CV ¢ » ¥ =5 m)

E15{E Mean (m) 1.7610 =& Skewness 0.3530
187 Median (m) 1.7381 ZfE EX. kurtosis -0.1550
i2/]ME Minimum 1.0227 5% Perc. 1.2913
i AAE Maximum 2.9927 95% Perc. 2.2786
TR m = 0.2995 | PU5irEE 1Q range 0.4147
SEEZAE C V. 0.1701 Missing obs. 0
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# 6 RBR 81086 i =43+ (210196 ¥ » % CV * » ¥ =5 m)

SEH9{E Mean 2.0917 75[E Skewness 0.3493
1#g Median 2.0691 Z[E EX. kurtosis -0.1632
/IME Minimum 1.3460 5% Perc. 1.6221
B A AE Maximum 3.2760 95% Perc. 2.6084
TR m e 0.2994 | PU5MirfE 1Q range 0.4148
St C. V. 0.1431 Missing obs. 0

AL ERF P AE 3 B - B & R TR EAAEOR - EREIEHRM
M - e 4 22 ST AR ET B S - PRTIEE 06 > (HELUE 4 52 Q-Q El(5r
fir[E)iiEe - IR IEH o340 - (8 4 75 2 falih Ry 5 oA o (L8 el Romifir =
EZ 8 - HEETHEIRAIFR 7 - SOEEPURII A2 {E 2 FH5(E-0.3307 m 2 - Bl
3 2z 0.3300 m #HEE » Z={E R 0.0007 m > ByReh—4HER S —AHEH 2 Wi S E T
FHE » BEAN > H157% 7 2 AR > 0.0566 m - BEER T LA MBI E A SR E
RN ERaEsEERE (R 1) -

# 7 (SBE 8165-RBR 81086);# = £ 3 (210196 & » 4 CV * » ¥ =5 m)

K Mean -0.3307 755 Skewness -0.0025
1 #g Median -0.3304 Z[E EX. kurtosis 2.9834
&/IME Minimum -0.7623 5% Perc. -0.4219
B AAE Maximum 0.0872 95% Perc. -0.2391
R = 0.0566 | PU7fir#H 1Q range 0.0572

S (A8 CV, 0.1712 Missing obs. 0

_0. 8 1 1 1 |
a 50000 100000 150000 200000

BI3 W iR A A B A (HPhE = im; il =

15
N—r
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-7
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s . . . .
-0.7 -8 -0.5 0.4 -0.3 -0.2 0.1 0 0.1 -0.6 -0 -0.4  -0.3  -0.2 -0l 0
REEE EF

B4 #rgrfiE(z HE= :mAaFE > E(+)QQ R

RS AHBUR SRR 8 0 BilFR 3 P fES4-0.0195 m > AH7E 0.0042 m - Z
T AH BB NS (2 A RR S 1 0.0566 m o DU o 2= BIE BB T
A o BN —4HEIE > 106504 SEEHIE - BRI o B

# 8 SBE 8165-RBR 81086 + §E(210196 ¥ ; ¥ i~ : m)

LCies O i =
8615-81086 0.3070 0.3307 +0.0237

=15 SBE 8165 ~ RBR 81086 » [\ K W& 2= 1H Z HHRAGEIEMHA1FR 9 » Wi 21
BA{%:H 0.9821 Bi15% 4 vz 0.9822 2&-PAH[E] - %% 4 R 2 F 2= {E B A R (B 2
RE RS IR E DA EAERE - B EARRIEZEINR > TEARGEEf » Z{EE
WAAE A A B FE BRI -

# 9 SBE 8165-RBR 81086- 4 i& 4p i 4" (210196 %)

SBE 8165 RBR 81086 i
SBE 8165 1.0000 0.9821 0.0963
RBR 81086 1.0000 -0.0927
A& 1.0000

o~ R

= BB U AR IR IEAE R A9 /5 RBR 81086 #1152 LL RBR 81086
Fs[E|7E > SBE 8615 5 0.0230 m(% 3)7E 8% > Wif% ; SBE 4915 45-0.0183 m(F 3)
T R RS - S W (EREAS S5T 0.0413 mo BLE R B9 (H Pat B FTiS 2 SBE
8615 £il SBE 4915 7 #H#2{H-0.0414 m £6F52 &4 - SBE 8615 i I IEREE I 5
SRS 4 47 > SBE 4915 & 8 £ Wi £ [F 5 [IVERIZ I T REME IR -
Ho A BBEaX -
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WDIFHRE 48022 - DL RBR 81086 &2:% » SBE 4915 27 0.9740 £ SBE 8615
=~ 0.9822 > B/ RTINS RS - TVEEEE - T H. > 4 FErijfefcny SBE 8615 » g5 8 4F
Hif@i Y SBE 4915 » RUFEAH{LIEERS =

FRIEFAAL (32 1) » SBE 39 TP ~ SBE 39plus TP 7 f& & & By 44F 0.05% FS > FS A
20 m > JREIFEEE B4 0.01 m - DL 8 455 » SBE 4915 (19-0.0183 m » /]NjAMERE
7 0.08 m; DL 4 4EEFE > SBE 8615 1 0.0230 m » /NAFEFRERY 0.04 m » SRS FT
HZFRERT - FEEHE » ARSI » HERIAEIEEE5E]
HEHE B ERRE - WIEARMITATRIERSE MBI GEIIER - (LIFE
RS E B —— (R EAVINE 8 o TR GEEVIEE - TVE ITRER B NIRRT -
Rk SBE 4915 i jAME%H%7K& » FHEE RBR 81086 &5 SBE 8615 it -

I-~5w#

BRI = T DUBURNE KR ST - ABBDEZKZRE » B &ER0ENL - AR AE
TR - Bl 2 EEE ~ B - KEMHFE - SR {E 2 MR
TR EE IR - AWTFE LA = BRIt S A RIREIALET - EERBEIER R D
fir &0 BURHITER PO - e RESF AR TS - FRIE LS - BTN E(ErY
RURG > JRAJRESR 0452 - Freeman et al. (2004) S $HEA T =UKMLET - EEAE4 £ 81
fedE— > MAEER ZBRSAREZREE - TRRAREEEZHIIILA R &Y
& H s mte—2  SNEF/NEH —K - EPARTH st s ) R > [NA
AECH ~ &CsforBERISE - W DA FTEEAE R T MU R b e iete - AA RS Z 32
LEM - ZHHEE - BPARTE T Z A i B ar s AT T - FERETEIL T - B kT
AR EALEE  BE AR RIS, - [ EIORISM - AR —MRE - BET R
1FERETHVRRE » [EIR - SEARCE MRk s AR 2 T EiE AL RET = - /S
BTN » (BRI - (E (GRS MRS - (ORRIR TR
A > DMEIEIERTE/KEE - 1M BAEECE A E AR ER S UM 7Y R s E ey A 1
uh e MARERIA MR - 014 ZBR7E IR A] BE R R MR 2 BRAZ AR -

4% 2
s 3%

AHFFEFTEE > SBE 39 TP B SBE 39plus TP » HEAFL IR G2 » EATE By i i R
W2 PR BRI SRERY - B4 - SBE 4915 - 8615 2 BESFR /N AT
il CEE % - HRE -
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AR HELT AR T A B R E R & 1 Y SR S IE - B R AR SR AL
WEN > BULREHE - AFTESNBEESEEED) - sHE4MH 109 FRE=4E]
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Potential of Elevation Control in River Channel

Dredging with Super High-Resolution Satellite Images

Li-Shan Lin®, Chien-Liang Liu?, Yi-Yu Wu?, Yung-Hsiang Cheng*, Ya-Chen
Yang®, Chi-Farn Chen®, Fuan Tsai’, Kuo-Hsin Tseng®

Abstract

As formed by the steep terrain and fragile geological conditions, river channels in
Taiwan have long been required to dredge deposited sand and gravel and to ensure the
safety along the river banks. However, the dredging works are sometimes loomed by the
alleged illegal operations including overstepping and over-dredging along the designated
profiles. To prevent the illegal activity, remote sensing technology has a great potential to
monitor the work. Spaceborne images are considered superior in coverage and efficient
in contrast to conventional ground surveying. Hence, this study investigates the
possibility of monitoring the dredging work by using satellite data. We analyze the
temporal evolution of the digital surface model (DSM) through the super high-resolution
Pléiades stereopairs, and examine the model accuracy by other data such as unmanned
aerial system (UAS) DSM and ground measurements. The vertical accuracy of Pléiades
DSM, as compared with UAS DSM and ground points, reaches 0.70 m and 0.47-0.84 m,
respectively, which is about the order of 1-2 image pixels. We conclude that the
spaceborne data is a feasible approach in company with ground leveling to keep track of
the procedure of gravel removal works, especially for those large and remote areas.

Keywords: River Cross-Section, Digital Surface Model, Stereopairs, Unmanned Aerial
System.
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LI ER

EEVGELZHE SR T | 23RS ~ R R ~ T PRI RER R L
BRI #E R FEIERIZIRR - EE e i E AR K BRIk
B U~ B R e R B N U o DR IR S (AR, 1987) © R
AR Z WD A /KSR AL PRI il i 8 3 A e 2 - REFR I E Y
V& SO RS B PR PEIER - MAERFAIT ~ KRS R AUKEE < st o)
BE © 2RI AR ERAPR AT R G ISR | BIRE-PHTHY 2 MEBUR > 35 Bilr E @Bz
EBs [ N RN G = SRR - BAIERER - MG S AEER ~ 5B E) 1]
Y2 g WA FDRRER - IR LR OB R MR e 2 B (IR, 1999) -

BALIA » B AR A EE B E Iz T8 o) s A s A
17 R BB BEWAEEFRNEERE YR E » s TIEREER S » B4
HABE - S - VIR ASRERY AT R SRR E - DEEE
N (49 0.6 T4 R ) 300 JT&USETE » —EH AR REIT HIFEE 0.6 ARV (3
6000 177 AR - HiGE ATz 300 &It - At - B 95 e o) [wha
FOA TAEOUER T Bk ) %5 B 1TAE - 0 A2 llSEER e > 1
F B Mg - BRI E - B AN E AR 24 NISEESET
IR EEINE R R KR 2,2019) - B A SREELERE BB » JNLE
0 TR (http://iriver.wra.gov.tw/) ZE BIEG BHACE N L R R RS B EE - fEE L
PE#E H 2 iR B - BT Ry & TEMRRANVHR EE 2% > TRt
7+ 98 - 100 fRIZHLEBLE T Insam) B2 BoKEFE T2 | 0 e Sl 77
INFRES > IN5EREI% ~ o)) [ [BL/KE Y FUAREIL 4 - BB ETHIn R E - NMEE
Fia TR &8s - DPAERARCER - EFHEBHE R EIE i R
Wit EEE -

H AE L&t 5 2 A AR RS Ry MR ERR S AR e A JTREA
I e AR S A KB FRER S St EE DAROAN - AT S A & 2GR TR A E
FhagfE o bR T EGhEHlE - fiiZE s M & (aerial photography) ~ 1§ 2 &5 &
(satellite remote sensing) ~ %% (Light Detection and Ranging, LIiDAR) ~ & Ekf# 2 EAL
%4 (Global Navigation Satellite System, GNSS) &l 4747 28 A A s L (E Hh Fe AU
(digital surface model, DSM) » ¥ s K s ] 528 SR I by = 4 AR AU - FRARRIAS
TEtfE H BB EENIRTTE - MR AT &0 - 25 70i@ | TR A R (R R
s N B ERIANIRS » 8RN J7 785K Tl B A A Y it &
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12 AEBBAET A

[CIREAE SO > Z0E 8 A AT 2 5 (S R AT T 88 1 92 - (Croke et
al., 2013) > EiE SRR E I DA BUHE A ETEIE 2 > AlatERRY
B2 B(LE - TREHRE S RIEZE M o REORDA) BB HPHVE LA - ATFEH
7 SIS R R A T R S AR 2 ] S B O E S3AT  MfiiRs GEEs —E
B P A R e B e AR A 0 A3 R (2007) (5 F A 82 1 i U
O FBIREL T | DA A 07 B d T d AR 3T » 28 R DU E S 2 A 7
ST EAR I E AR R IAESGEHE -2 - 280 - EEWUHITRSEEEL T DL
A e FE R G BB Az TR AR I - (B T R HIE A TR TR 7 2R A5 T E 4
HIFRATAERS R B R E Y EIE ~ B & BN S o« DUEBMBURIFT BB >
TTHIEN SEAV SN T SRR R PR HIERE 2-3 i — R (Fa% -

BRI, 2012) » G A E RAVEARE - (0% T SRS R R A EEIE R
1> (L B OV S S TR T DS T4 8% - [E5 RIS
SR 38 R AR Tk Z247i(unmanned aerial system, UAS)$f B ih R 5 Ay 52
BB o ERE0.1m > ZAT HEOE A Y/ NEEAEUHI(Lejot et al.,2007) - HAZ[R
NZESR S ~ 2RET] - RAKRFERZ » HME LS P is g R A 82 IR
Hil o AEETAIL o R R AR G B R N S R B S S e s 22 AT FE A
B BRTREEASEMN - IR BRI KRR SN - HRERTRAKENA
JIEAE B EIE » IR S i RS g 2 A iR G T R A R (B AR 5e 0y 7 190 (B
7KPE > 2006) -

H R — IOV = T 2N E R M ER R E TG haEfEiE
HITERREIIRR G FUEREE SEEA AN AR - RS
1y HesIEE (ground control points, GCPs)f F& T B 473 72 i (georeferencing) » B
RN RIA S - TN EnEREE (Stumpf et al., 2014) » HEA
B > AT FMESE  o WISCEREASE - Pléiades 47 2 1T Ba Gt 5o 4 e 3UrY DSM 1 B HI
KN SR (b L 4E B ks REgE i I Im » R FE Py K E R S pe E Ft
0.5m(Berthier et al., 2014) - (Rt » RyBp b = A i 2E AN R SR @B 2GS -
AR LU R T B SO E R M R sE I, - %A Pleiades i 21788 G HEC S
{6 UCHC s i S BUBE HE F2 R > A DL UAS Ry b e A2 I PR (ot > Ja T s e 17
FEEEREE » BRETHAE R 1778 2R SR FERI A Z AR - Al w1 B s s 2 Jn) 78 8
1k -

NPT RS

=PRI T 3OKIE - L EIFVEERE ~ BRI FOR PRS- 4R4Y 170
SE S UsiERERE 3,257 ‘P AE » K alURm R E 2R > Sl S R T
FLAIAT 20 £ > P BEH R EEE 1 #EANE(Chen etal., 2004) » IR A EIPIFE
FARGUEN L ERRHTA] - SPEEHELY 700 - 1200 EIL AR > R HICE/KIZEHY
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PRFTHE ~ SIE R - Raatd - Eioktf - Honss - BT - 2524 - YEIK - ERHE T 2 TR

VB RER A T TS
1.5~2 &% % (http://iriver.wra.gov.tw/) » FE2E(EE RTINS 2 —HFTE R - HIR
ERBIRIN A E AT - KSR~ MR ~ B2 - ANERNEBERGERI
FERIEUNE « SERIZER 133 N8 » S RHra izt » RIS B R OF
89 B SO R AR o 2 iR Re R B A PR S A R B T N YA
PR EDHRE R - ARG RS R B ilEa S E - FRRBN K&
HYSORIAJ Ry SR ] E B R Ik - Hn_Ee TR S R i B R R 1 - %
REER S A RN S B E TS L LU R & TR BN

Bl Ay RBpMERCE > “RLFRERES ZPEER £ B85 AT
*%%Wﬁé%ﬂ&ﬁ

HECA NG L a 20-28 JA B HTIHIRELGUR(F R (R - ML HIE Ry 108 4F
10 HZ 109 4 6 F - AW5eit 109 £ 2 F 26 HEL 4 F 29 HiE BT RAEEREHE
PEIG > S3RTEEE] Adrbus S EIETIERIGHERS Y (tasking) Pléiades 524 » &alE Ry L
HaFSRE % O EIME(R 2 100 I B 2 iy NaTREE IR © a2 B R AAG TS
B 0.3- 05 fEEH 10% - 272 109 542 3 H 4 HEL 5 H 9 H oyl &Sk THE E
SRR —UMIE (R A7) © 109 48 3 H 4 HIA & s GAiE 2A Fior - [EH
B BB Rt TSGR > 55 109 45 5 F 9 H Z &GI8 2B Fror - FHPHEEE e
RAFE KA UG r 10 T B A BB R B8 S AR g A
FERE AU TRE SRRy P AL E - AR AR B2 S E fRGEfE s T #
7 o
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B - e BLZE R R SR LE S

120.645° 120.650°

120 645 120.650°

22.935° 22.935°

22.930°

22.930°

22.925°

22.925°

22.920° 22.920°

(A) (B)
B2 7 %l FREATS <AL - A S 109 &30 4p4pdkf i BB 5 109
E57 9P I GeMY TR AL RN LR R L R 22.919°-22.927°

M2 R KR

ZVRBFTHE RIS

3.1 5t

AWTFERE LR S BRI - FEHRER - R E R E SRR - UAS
BEESEEE - WA R e B e T - A RN HBERA E H
SREHHUE IR Z 7RIS b - HE(T Plciades B{H s AL BT rI AT RF(L
L BR(E 3) - e AR DSM #ied » MG L EE G a T IE TR
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R R A T T 5T

DSM - 3lf 25 Bl L4 T EE E - DUR R ERAY T U0 ASER R R G@ i

TEALERZE © S B NS G (UAS) T2 GOl R RS Bf&ithim

ENEHZEL UAS DSM HRIZHESR ISR E 2 0575 R B m e TEeE i
TR BRI T4 - iRt s e N S8 L2 1B -

JEHY Pléiades 2 ‘
RVA A 2B SEEEE A

I = I
G EE
Eéﬁééﬁ?iﬁ

Y DSM ?3@2@@6

i@%ﬁﬁz&%ﬁﬁ! UAV DSM

%‘Eﬁ@%ﬁ%ﬁ?ﬁﬁ
Ejﬁ'r;‘# o BUTSTEL =

W3 1% 4B f24 0 oA Wl Ey 2 103 5 2R el fHnde
3.2 Plgiades #5 E 1T R % B8

Plgiades f#1 2 1A/1B Kyl St 2 - 120 0.5 AR S 2tfEE g 2 o
RPEATIE 2 eats(% - i P anl i s B PR AR e s /1 > TN AW E
BT RSG5 (Cleyzes et al., 2012) » (R A] DABREI 1T 3D S o 2R fi L 72 B4
TR R ERARR o Bl U S AR IR R E > Pléiades 7 2 RETE
HEE AR _ER A = EEBASH - K Bernard et al. (2012)W5E4R » FERI ~ 72
ARG EE AR B g eyt (T ) - et B DA AT R Y B A T R
R BIBESEIRSEAVEAER o AR R e E - AHFRIER G T EEF5
EFORRF R ~ MR - BB - TR ERE  sE L &SR &= 10%
Je 4R ER(B/H)0.3-0.5 S 524 S8 G (bR FR 1 -

FERUSILASGEHR - Bl sAR UCRCROT A BB (E AR - E SR AR P B0
AR T LR - (8 R R U R R E I B BB B R aE R - AR
G o MM S EERE Z G IR Pl m UE ORI - MR (T UCRL
S LR L E AR (A BUA RO L S - A SN SRUCECAULECREHENL & > fi%
EEBEI AR > VCACRTIS 2 i = 4ERL AL SRR SE - AT T 20 S8 8L
EFRATER - EACPERT - AR G T EAEE 2 BUEHRERL - (ERIC
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B - e BLZE R R SR LE S

Fe2HEEER - BT R ETIE 2GR - &H IR A ERT) (&
SN Z AR - WAL TR IAEEY - AIEGEHIE = R LB E M F iR G
FEREASIFT -

3.3 UAS 255

PR AR SU(UAS) LR B RIS &5 (structure from motion, STM)EZfy
Bt R = AU EAE AT AR H BN - SERER Az s N B R B R A & H
o S R B AR A DL PR T BRI  RESIRH ARER B B A &
DEATTEEITHEE - BRAFAG(2016 SE)FTFELARERT 60m ~ SR AR /e G EERR
T0%HIEIL T > g ST L 2.75cm/pixel 1E5T52(5 5 DSM - 1 DSM £
St 2 SRR EAELLE Y 60 - 70 A%) - MR (2017)(HFHIMEsE UAS
T&8k GoPro Gk 2K > A1 Pix4Dmapper G B 1A EBE R AR - HZER]
FEATIEZE 15 207 » SPIEEE Ry 111 2357 » SAEREEE T AT E 5.2 129 - Ryligsd
Plciades 22 DSM 5 - AWIFEIRG 2R AV H N EHHHER UAS
HEFTREERIE A o P RS AR TR Ry dh e Az fatk - #54 2000 &
{52 CMOS [fllzs - HEEEELEE K105 AR KPEMBE /LS AR 2%
AT ANZHEHDRAR - PAERE S 60 AR~ TS BB ER T0% S B EER 60%
WS BOETTHR  RE DL Pix4Dmapper $RAGHE ] UAS frii g 4 3D BB SR
IRZETRG - EREMH S E 2 = R TS -

3.4 DSM HHHEREES

Pleiades B2 UAS Wy&H 3 GeA i B e 1 B 275 Bl M4 o L B & SR AR E
R PERIREITRALE - B 3 A IESR RGP Pléiades 5 0.84 A KU UAS Jy 0.76
SR 5 ARS8 VIRiiEE Pleiades £ 0.45 23R - UAS [ 0.44 AR MIAETEE.
fREELR b - #ifE DSM ZEHYIHES S —Hae B aie 25 {E - 24
ZPRFPEHIELEAVCAC AR AR ok o34 - F9dH DSM & IR & m Btk iF e = i
7= SUAERETIEY > RGN E A SR L IR H H R R E
ANRFR > WAL A - H 535l 3 HEL S H ] DSM Bl b dTHIHhE & EL
TR (RMSE) - Ht A~ C~E~ G BICIEAT > B~ D~ F~ H BIER - 7]
RAARMIFEEESGH] > Pléiades B2 UAS HURBEERIIHE4Y 0.88 - 1.00 AR - HAT
BN RARFAHE > 41 A LLETEAE 0.12 ARMZSMER o [z BER T RERER
A& AR VRS - AR T DSM KB EE S SRR B0 IS - [NIHHE4E
A FH i e A BL Y S A2 MU B (ELF fs DSM (EIERVIRER

fEEaEfe DUE 4A T - ke 3 H 4 H Pléiades 2L DSM BfE ARy 2 H
18 H 418 {E e = e BB (KLHRL) < 2= R RS - R ETZE R 73 o DL/
oG =42 AU (B 4B) - WCHI AR E (F RSB E - FF Pléiades
DSM (Z1E 2 St A BB HY S R AR o AEE A ES DAstas A st — 2 IVURS Ay 218
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PRHTH - SRR BL - S25H ~ BIBIEE - IBEEEE - R4S - 2557 - MBI  E SRR R TR
SRR AT MR SE
HIHE% » DL=PEIECR R - SR = iy =4 A=l T e - AHE
1y > i 3 H 8 H UAS DSM 7rAl| FAHE RV E A AZ B TE IE - 28T 5 Afn
FARRHYES —4H DSM (R 1 22(E FH Rt HEBERTHA DSM HYIE 8L - &ufF 5 H {78y Plé
iades i1 UAS W4l DSM 4371181 3 H {751y DSM DAEIRE R MET SR IE » DUR KA
ﬁfﬁ?°f*Lﬁ§éw’Eﬁ&?bw%ﬁﬂmsm%hWEéDﬂﬂW&@?
B IREE CIEEFREE R L1 AR M@t (E 1) 05 KEGRE
@%@MI@%%F%OW”EA%%%@MIE&%ONAE,ﬁ%%mmu
KFE 1 T & BEIHIREEESSEE B~ D ~ F~ H) » i 3BIHKE LB ER AN H
BRI AT RS RIS AT o B0 AR 2 SR AE R AR -

% 1 Pléiades &2 UAS DSM *t % 4202 I+ o0 {4 ¥ v o P & BLiE (T B B3

AL e LR AR | RIERME RMSE(m)
A |3 A 4 H Pléiades DSM e IE R 1.00
B |3H22H #milE MEIETR 0.73
720
C |[3H8H UASDSM REIE R 0.93
D |3H22H HiENE M IE% 0.75
E |5 H 2H Pléiades DSM e IE R 0.88
F |5 A1 H HiEHE M IE% 0.82
370
G |5H8H UASDSM REIE R 0.98
H |58 11H #iElE BIE% 0.82
160 165 170 ge10‘7igal hewg:ltegrl] 185 190 195 -4 -3 -2 1 0 1 2 3 4
22.94
E

E200 '§ 10

E180 g o

£ 5 -10 22.925

T 160 2

'g 120. latitude

] :;1;% 120848 120.65 22.92

120648 120.65 S longitude 20,652
longitude 120.652 g
(A) (B)

TRl ® AR(R ¥ =)o

o 'E“.FE%(B)Hﬁ“ﬁ%ﬁi%’a
LMY R IFLRBABDTE
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B - e BLZE R R SR LE S

AN L = RSy

120645 120 650

45 120 650

(a) (b) (c)
Pléiades EZ 0.5m UASZEZ! 0.5m iz ER
DSM (2020/3/4 £5) |DSM (2020/3/8 £)| (UAS i Pléiades)

180 | s20as

Elevaticn Dittarence [m]

22.920°

B5 3 ? i» Pléiades &2 UAS 2 @2 P %52 L 8

Ll 5 Ui BWsHEEAT RIHY DSM mT{EZE ] ooR Y S A Jekery 7 UM 3R 22
B o HIuls 3 H7HY Pléiades B2 UAS HEAHT - AlJE{SRifE DSM f£ =fe LHVER A
i (18 5c)- [ b m] R 72 BRI E N S Bt B/ Nk 0.5 - Ime IR AR (K
[ 5 AR) EZEEFH A~ BLIEE - fEE#HHE 5(c) THEECHY A ~ B I T
JSIERIBCR 3T » BRI B A5 2 2 m] SRR IE 6 - [ 25z 53 71 & Pléiades it 3 7 4
H B (B 6a) ~ UAS % 109 42 3 H 8 H s (1 6b) - LUNFTE
iR DESGTAESE UAS 24 (18 6¢)- H UAS 2B m] RAaii e HAE R
A2 T RERD O AR EE (8] 6b BERElRR) - AHENRY 109 4 3 A 4 HEE# &
AR SRS 2= - NS SRR TSR (E 6c) - famiE A~ B FilE
&R PREMANZEE - HERSEEZEY T AR PIHER A - B lEERE
FofiEiFEZE (10943 H 4 HZE 3 A 8 H) MIRIFTEFRL 5 - [NEL - Al HEsm Pléiades
FEAEHN I PZERIR 1R Al JE 1S RAF Ay FRAEA > BARE AT 22 0.5m #Y UAS DSM AL -
Plgiades {£ B A/t 1 A RABEMS S - H Al B RS R g 8 Sl =

REMRFERE TG 5 A Pleiades fg £ R DSM ISR ([& 7a > thf#eT
J& 0.5m) - DR i 6 Hik (109 55 H 8 H) FEIIHHIREE UAS RS
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VSRR P T
56 B 1 AHEIES AR E B = et Rt (18] 7h - FEffT 2 0.5m) - FfE 7(a)
(b) [El[EIA mT R 2 e S P S B A 22 ] TP R EAHE] - R Pléiades B UAS St
MR ATERS P = 2L (8 7c) - W& 2= BB SN 8 B/ Vit 0.5 - Im > #5EK
ZHE (KI5 AR) FER CLLE -

& 13 Pléiade(saT.)EQ‘Iﬁﬁ UASI&':bQ)‘Jl?{E iﬂﬂ(?c?%ﬁ
(2020/3/4 £4) (2020/3/8 L) (UAS i Pléiades)
. - -
B
B6 3 7 i» Pleiades 22 UAS 2 ® 2 P & T 2588 £ B (B3R k)
(a) (b) (c)
Pléiades E% 0.5m UASEH 0.5m M ER
DSM (2020/5/2 £4) | DSM (2020/5/8 £9)| (UAS i@ Pléiades)

120,645°

190

180 |

Elevation difference [m]
IS

22926°

170

22920

Mg s

B7 57 i» Pleiades &2 UAS 2 ®2 P R )2 £ B
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PEE BT EE 7(c) T C E@IBUETREIA T - BORRHIE G AR HE 8 > &
Mz 5375 B Pleiades it 109 4= 5 H 2 H B4 ([E 8a) - UAS L 109 425 H 8
H s (B 8b) LURmE P 2R UFES R AESZE UASEE (& 8c)
PR B B 1] A TR I B A 12 EARAENT AT /ESE (18] 8b EERElng) » A& 109
F5H8 HUAS 2B e EN (10945 H 2 HES A 8 H) (AP
SPAESE - NI HIERTIE R C &7 SR Ryt i 2= s prig Ehny £+ 5

(a) (b) ()
Eig PléiadesIE5I & {8 UASIEG &8 =R
(2020/5/2 £4) (2020/5/8 £%) (UAS i Pléiades)

Ve

B8 5 i» Pleiades &2 UAS 2 #l2 B 5%+ Aj87 £ B (/3834 )

Gt R 2 UAS IR HE(E - AlAl2{ba¥S Pléiades ZE%LZ DSM i
B RIS T Pléiades 774 BAFT S BIAY DSM 125 FLEAFE # UAS ERIFHHY,
Jiz2 % - Plsiades FATAIE 9(a) « HIAIIE 9(b) BRI 2 FA1E 9(c) » HoilF
9(C) LA Pleiades ot BaT I RF R 52/K{52 (modified normalized
difference water index, MNDWI) » {T—iEE 4 HFR/KEE 2 G ik » (e il
K E AR - fHiE 9(c)Hal & - EEARI A E R E £ E S TR F R &Y
FESE NIF > ZROEREEL 2 £ 6 AR IMEE T HIEEE 6 AR - 5 HIE
UAS FE#BL #ii &k - UAS Fii4E 10(a) ~ & EA40E 10(b) BilfyZhh 2 Bl E
10(c) » A R HftvE s Bl B = i 7 FLE Pléiades o3 &5 [H]

FyE Ak Pleiades $f S e ZERIRYREIE - AR M Pléiades HifPZ25 (f& 9c) 2
UAS 77252 (1 10c) HHIR - AIESRI4H DSM SifiEZ=ay72 52 (& 11a) - HaihiE
AT DUB RPN R ZRTER A~ B~ C =& 22500 - ZEHUEENAYHIE
SEEREN - ZBCAELL ARERH - RESRREP 2R ST RSt 8T - 40
11 (b) HEEUREFTT - 15y Pleiades Fi{&HAMI 225 » bil Ky UAS Fi{&IH
AR - B S Ry gocE (BEAL M 10n 2K0T5) > HEb ] 5, Pléiades B ATTRIT S
RE(LZENRERE UAS HEWS » SEaHRNHEEZSEELNE > &2
MHEA A EUR 0.83  FRAEZE Ry 0.87 AR MAERPR A~ B~ C ZIBRE T RO EL
{8 > FITFHEE (850 0.85 » 1242/ 0.70 AR > 74 Pléiades 1~2 87T (0.5-14K)
ZICHIR R - INAE Ry AR R Y BR ZZ (G E -
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R R A T T 5T

(@) (b) ()
Pléiades E# 0.5m | Pléiades % 0.5m Pléiades e =&
DSM (2020/3/4 £%) | DSM (2020/5/2 L4F) (a)-(b)

120 645" 120 650°

120,645° 120,650"

2990
— e s T
s £ 1
£ £ : 8.
3 3 g
g ! H
‘ 22925 i
170 170
|
: 22920 4
160 ‘ 160 3
B9 {4 ¥p Pleiades 2 #z P % 2587 1 B

(a) (b) (c)
UAS Z% 0.5m UAS Z% 0.5m UAS itiZESE
DSM (2020/3/8 £4) | DSM (2020/5/8 E£4F) (a)-(b)

120,645° 120,650

120,845° 120,650

180 | 22935"

228007 22 930S

geoidal height [m]
elevation change [m]
®

22925 22925

22920 22.520°

B10 w58 UAS A @z piEw )22 1 8
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(a) (b)
Pléiades £ UAS itz 8 {E485H Pléiades £ UAS iz &1t 2 B2 EEL i Bl
3
2.5
E
§ 12 =
- o =
g " = 8 1.5 g
8. 8
I (%)
- g 1
i 0.5
s : . . ‘ ‘ ‘ 5
-8 -6 -4 -2 0 2 4
i Pleiades DSM difference [m]

B111 (a)Pleiades 2 UAS 3 % 1 5% Bgmpa DSM &1 22 £ 8 - ()DSM & * £
1 B4 B

I~ BREFIRARES

HEEUE TR Stttz > INERUGR T et WERTA P S 2 F Rtz 2L
WO AT RS BT Y SRR TR LR - Rt E S BT I SR H RS o
LR B HAZAT

n (p:—G:)2
o [P 0

n—1

=
I
|

()

Hrp Py Rl F&HIE L (Plciades 2¢ UAS)FAE HIG RS | BN T &1 » TR E W
FEFEHILL 50 A I3IE R s 2 4R M I FEEUEERS - Gy 2B | BIey SpERTHE i P &
HAEtE - Hfg&Y 10 AR - REHENNVETEBE AR - NIEEEE n /it 26 -
60 15 - ZHETRAVAETEIEREIRE 2 -
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R R A T T 5T
ez 2 A RAE = AfnNGvEa TRV - WS LR - G5 EENITA
A R ZE BOER ] 2= - AR bl BRI P S AR AR 224 0.70 -
0.84 /X RL > A A Pléiades 2 UAS Hy~F- 5l i e i 4 e et & 0.25 22 0.36
SR H e RN B SR E SR ITA — 28 ERZERFGE 1M1 H Pléiades 81 UAS
£ 5 H AT 1] DSM BRI I RGHy I SR LR R & Pl
e R HIERAE R 2 0.47 - 0.53 AR ANTLH IR LB TREEAT R - MIRE (b
BRIRIE » ARAE AN HE LR RBARIT - ZRM4E 5 H{7&M DSM {yiFA%Y
0.38 £ 0.49 A RAR(GHYV PR - WILRETESIRST SR BRI -

2 LA FRITREE G RIEFEETR TIOF R

SR R BTEREE N | BEEE0 | EEREL [AK]
3 H 4 H Pléiades 0.84/-0.36
2 A 18 Hi = 26 ' '
358 HUAS 0.74/-0.33
2 A 18 HithmE = ' '

3 H 4 H Pléiades

0.72/-0.33
3 H 22 HithEHl=E -
358 HUAS 0.70/-0.25
3 H 22 HithEHl=E ' '
3 H 4 H Pléiades

0.77/-0.28
3 H 26 HihmEHI=E ”7
358 HUAS 0.76/-0.24
3 H 26 HihmEHI=E ' '
5 H 2 H Pléiades

0.49/-0.48
4 H 9 HithmEHl= 50
>H8HUAS 0.51/-0.49
4 FH 9 HitmE il ' '
5 H 2 H Pléiades

0.47/-0.38
5 F 11 H#hmE M= 23
5 H 8 HUAS 0.53/-0.41
5 F 11 H#hmE M= ' '

R ABUE SRR 2 109 426 H - 72 5 HHaimi Cmse TREE: - HItPIT
Aty A &S S 2 E e s R AT RO R RFD A & FIFE 5 (0K+000) 2 N
#2 5(2K+000) 2535 By 71 ([ hr (S1: 0K+350, S2: 0K+750, S3: 1K+150, S4: 1K+550,
S5: 1K+950) » 73 jllEE#E Pléiades ~ UAS Bt il & 542 - A1E 12 AR @ 75 & {EET
HF N =gHEREREETE » (€ LFYIES 178 AREGEFZE NFLIIES 164 AR -
TEAREHIE 7AW v H HARGES » (&R ARZ IR KA S SE RIS ER » 78
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&L~ BLRISRES ] R 2 Bk 2z it - A A AT 2 5 R ~ ) 7 AR oK
FEE I AR R Ry o B > A N B BRI R (I A S s R ANED - REZAY
(BB ST AE G Z IR RIRS] > A7 8 FHRER - NSRS & ST
% 0 AR R AR 22 ERVEDRIZE6R - SR RDRIEHRAY A P B S -

-y
-l
(%]

iy

@

o
(e}

o

70(0

o

-
~
[=2]

[e]

[s}

o

geoidal height [m]
~
@

o

1 1 1 1 1 ! L 1 L &
120.6478 120.648 120.6482 120.6484 120.6486 120.6488 120.649 120.6492 120.6494 120.6496 120.6498
section distance [m]

-y
~
@

_.
~
=)

-
3
N

geoidal height [m]

2
~
N

120.6486 120.6488 120.649  120.6492 120.6494 120.6496 120.6498 120.65 120.6502 120.6504 120.6506
section distance [m]

120.6485 120:649 120.6495 120.65 120.6505
section distance [m]

S4

oy

~

N
el

iy
~
o

—_
[=2]
=]
(e}
[e]
o

geoidal height [m]

-
fo2}
(=]

120.6476 120.6478 120;648 120.6482 120.6484 120.6486 120.5488 120.649 120.6492 120.6494 120.6496
section distance [m]
©

3
=1 Pléiades === UAS == S5
2

g 166 Ground 109/5/11 O

§1650

§)164o o | © ° ° o o o ! ow — Q) o~
120.6466 120.6468 120.647 120.6472 120.6474 120.6476 120.6478 120.648 120.6482 120.6484 120.6486
section distance [m]

Bl12 7 7 (pavjpi ¥ro 2R+ £ 842> 24 M5 57 2 p PléiadesDSM » §¢
557 8p UASDSM> 2 EI5 5" 11 p¥»m 2 RI%

L

"I R GRS RE - BRI R AR R N PR (e = AT AR
VLAGE o N E ST R R B E SRS DSM - AR EBERREY 109 4F
FEHEE T2 » s Pléiades DSM & fnEd UAS BRI E SN DSM #E{TEFEELE
SrEe SR R 0.70 AR - &E i EEMEATE LA TR - Bisg Pleiades F£7A]
EETE I EREAYHEIGE Ry 0.47 - 0.84 RO R R 2 & 1 - 20T -
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R R A T T 5T
IRMERS 1S > fEERY DSM TE/KES G T oA HE R - BRI
bR - ABFE R REIERCE R ZERR - 55— J7E - UAS BEEEENRH: - 7N A & BRI
DSM - {HESUBIE TR B2 « A IR 5 fipliAs - KEfRftE A mie e fI 8l
R - EREAYHTR Pleiades ~ UAS ~ HIEDHIE Z e AR & & TWVDO7
1B S EEAE SRR HAFEETESIT - 11 A Pléiades
DSM HE[E(0.70 23 ROAHEEH BRSO s i hEE e FI 2 HY 0.50 23 RIEDR [ R 2 LATE By
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