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Abstract

In order to develop and promote related technologies and applications for
smart land use and deformation monitoring and analyses, the Ministry of Interior
(MOI) has initiated the “Technology Development for Smart Surveying and
Mapping” project in 2020. The initiative aims to develop and integrate satellite
and airborne remote sensing analysis with artificial intelligence (Al) and Big
Data Analysis related technologies for land use and deformation monitoring and
applications. In addition, the project will also promote the use of these new
technologies and increase the public awareness of their applications.

In terms of technology development, the primary contents of this project
include: (1) satellite-based optical and SAR data analysis for land change and
deformation analysis and machine learning for this type of analysis; (2) airborne
image analysis for land use and deformation monitoring and object detection
applications; (3) smart analysis of satellite and airborne images for mapping and
hazard mitigation applications; and (4) integrated 10T technologies for hazard
mitigation applications.

On the other hand, this project also undertakes necessary tasks to promote
the related technologies and their applications. These tasks include: (1) analysis
of tidal station data; (2) promotion and popular science education of related
topics; (3) international promotion and collaboration on surveying and mapping;
and (4) establishment of smart mapping laboratories.

This report describes the materials, algorithms, and methodologies used
and developed in this project as well as the progress and preliminary results of

the tasks listed above. The outcomes of this project not only will integrate Al
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and remote sensing for smart surveying and mapping but also build and increase

the capacity for technology development and applications.
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FI* P FE @ P AFR R RSP RER
DINSAR 4 45 » EP~7 fo Prdp it & 258 v £ E BRI % BB i & 87
B o MBS A UL Erk B A% 90T p)(Tal et al., 2018;

Tsai et al., 2019) -

Distance change
(Unit: wavelength)

\N\ Wave of first image
\/\/\ Wave of second image

Interferometric result
«— 71— » (Phase difference)

Bl 41-1~ £ X3L 2o 2 L 4T 7 1B

DInSAR :}i,{ﬂﬁf,ﬁ M sE 2 B

-~

7‘#
>_L
I
o
e
G
~m|
s
&
=
&
e
<

P ERFRITGL L RFARE AL HR > 2P v R B

SRR B RS e ] 402 R 0 1T At £ B2

SLC Data
Master

Apply Orbits DInSAR Process

o

Line of Sight ‘ t . Remove
eacodi Inw
Displacement Geocoding Phase Unwrapping « Topography

Bl 41-2~ & 23R g2 40 F TR AL A2 B
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1. = * # B 74 (Apply Orbits)

2. F tjpe i (Coregistration)

G AL

[
\‘-‘ﬁ-

% Jf kA (7 % ffe 28 (Coregistration) » #t 5 F i B iUk

|~

o K kAT M R Y AF- SOH L GoR fen 3

ﬁ?
K3

B OUmESFEALATHE T E 2L R - 40 o
3. # 2 + s ®l(Interferogram)

RSPt PITEFLAS T K2 AT ARG IR

W

&
GF g EARRRAEL R -
K,ért—i 2537 i (Remove Topography)
PABARITA L 2 A e TN A A2 F ORI Y 0 ARFREE D e A A2
T AN EE RN ARG EE VAL L B8 TR b

B0 REBH A RSAL i o F L AR AN P i i

5. 24p = w 4 (Phase Unwrapping)
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Rd AR 2L FT T 5 > 4P w4 (Phase Unwrapping)

frexy

A
p=p
+y
o
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)
NN
Ik
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L e 4 4@ 4.1-3 %17 > #—71 3 1 hipi
Ty s 0~ Xr cn@ip Rt 8 > Stsd W g E 2 ple 3 LED
fpi o Fp R FPLTERALTLREGE
T
T YA ANENERN
|
V / / i \ \ \
|
_Tc |
-

=]

Phase (rad)

* Phase Unwrapping

AN

- - o - s Pixels

Deformation (cm)

B 413~ 2P REL T R

=

W1 DINSAR Hjire % Bl & » H ARM Bh? ¢ S4pd B3
ed R > RHE R P vy S > B A B RFkop
gD CAp M 6 R B L BRSSO I K B e 7

o = (Zo

é

BRI F & {5 oD

R

¥

Ferretti % A % I e R A S8 L £ A F b Eie s #3245 2 kg 5t
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DINSAR** § i B € 2 4p B ek T 2 B {8 0 Fibe £ ) 8 730 R0 4
PP TR A S IERTERY L5 B AR aE BN A STy o

PEEAR AL4> AR ¥ 55 B 5m A N AR AR L WS
BARME 0PI HEY RATEF AR R P T L HE LR
PS 4 eifc% > FL1% PS iz :E 2L (Permanent Scatterers Candidates, PSC) » i&

i PSC i B2 F Ry 2825 A s f 1% DEM &2 % § #3] %

Higk PSCifFi )2 & § »o i3 1 > i d FI| 8 Fen g % o

Wix e A i H TR S B iRl B0 2 L 8 # nlip) (Colesanti et al.,

2003) -
PS PS PS
Not PS | " NotPs | Not PS
Interferogram 1 ; | | ; [ \I
e I N I \
| \ T \

\
\
\
Interferogram 2 |

Intensity

B 4.1-4 -~ PSINSAR™ 2_ PS & E 4 7 R B

F1* FEw kB R (FL PS o EP-kdpens i 0 A F Ay
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Pt 100 £ B AR RE T B A HEE B (v

(SNR>10) 2. 57 1 FaiE A 248 T en PS 1 > &m f2 5 0 iR 2 enk
FoORW AeRY MRE AR R REAATET AL TR AP 0 H

YRR R AT E ) Kk ehPSC A % B 5 PS ik B> F 2t Permanent
Scatterers INSAR if # £ it * o

Tt Hooper % X E N ¥ - AR AKCHMT E L A F H P
(Persistent Scatterers INSAR, PSINSAR) » pt = jx H3v 3 2 & Sk 5 B &2 47 0
ENF B R PSHE DG EE A EEprEe Lt FEpL
FAPHAE T APSC FZ 6+ HiFE B L G anPS B GéEE2 X

ARTHM G ZE P ET AR I D FREE R2R A% A LR 415

Se .n '° ... _
LA < L B i L et LN
° ® % oo
0, oo ° ° o 040
L) . ° A -
Acquisition . 100 0 Acquisition 100

B 4.1-5- X A3CHM G FE T B

RAKOH T LA T i B GASLIE Y F W § T S HTR
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TR EEERGVFERART E S L TR A ) T

A WELE S e & P B e dT ok R AR e e S B T
r RIS Y KA 0 - LG B RID S R T AR
. F] n YL FI + ﬂ

BOL o 4 %0 FEEE- BRE S RS VERS LT ERR . B

d‘:‘l:'/431€1: ’_?‘;‘_/%C/ﬁ»—;g}\ %L%f}l]%f%’?'lﬂ{%]ﬁ‘g/ﬁl}m
TR A S Bt F e e 0 B4 41-10

o 41-1~ >3 BREMEET B S 4

DEM file N FTER > 5 20m DEM
Coregistration | DEM resample method Cubic Convolution
Images resample method Bilinear interpolation
Mask out area with no elevation true
Subtract flat earth phase true
Degree of “flat earth” polynomial 5
Number of “flat earth” estimation 501
points
Interfe.rogram Orbit interpolation degree 3
formation
Include coherence true
Square pixel true
Coherence azimuth win size 10
Coherence range win size 2
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DEM file pFedt > 5 20m DEM

Same as interferogram

Topographic | Orbit interpolation degree formation operator

fehrisc)ei/al Tile Extension 100%
Output topophase band false
Output elevation band true
Output Lat/Lon bands true

PSINSAR Threshold of radar intensity 0.4

Standard deviation of phase stability | 0.8

SARE 4 UE FEKER AT

TEHER AL LD BV ESEL R > REFTE NN
¥ SERT IR 3SR HRBBAE R A NERS o F e 2
Wk RIS o ¥ th o F EiE R Thisdk P R4 TR B E eh&LEE (slant range ) >
BB E R B ikypw Rk PR R (SR B A T 9T b A A KRR 7
FERAABWEYREIARELE  BHEELFRRET N o FHEREPR
BN P RS h% P R BlAc B 4.1-6 7m0 RIAL D 88 A5 P &
PR W LB ®A50 &5 fp ¥ (Layover) ~ £ & (Shadow) £ = 2 TR

(Foreshortening) = #a o

& &
(-\\ nt Range ‘:‘e‘ ﬁ A n : Slant Range "4‘ K il (\\‘ 3
a Range E\k\ @ i l)\ ant Ra
\ \ N ‘\\\\
\ \_\ \\ AN
\\ \\\ \\ 3
; } \ N \ i, "
A B C ' A oo Maf A B
£ % (Layover) 12 82 (Shadow ) ELE: .%{ﬁfr_’e(Foreshortening)

Bl 4.1-6 - RIAR T iE 22 3 25 chprLip) & e B 14
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BPENFEMLIXTE 0 @ om ré’iiév’v?;‘;;t;wfu,a bt BAEIEp (AB) S iy 1 7 A
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i<

TR L A BB S PR AT A 13 4 % INSAR & % {23 e 1o

Facft o APHFERGEFPERBEE RO DRI EY 0 Ak

\\

‘31
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g Sl L3 BE R A HA) > = 2 4 % % Sentinel-1 R IW 5
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W i
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L
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PR B LGB BEY G A M B 2 WEF PRGN LA

48

4§ (Convolutional Neural Network, CNN) 2 “f #% # +k(Random Forest) » I &

PR EE S RERGAEL T LVRTN o IR A G

v
fin
\4
N
o
)

4
N
o

IR
Bl
\P\-

VRJEFEE > PR A A DIRTE BT A o R o LA £

PIGE A% B P KR AL R TE Rl FAT 2 S F

=
o

AL(2009 & 3 b ag N2 M EIB)E > UK FA G RRLE TS A RiE
FIRA A HARE - SRR LB LSRR HELA T RBERF
TR FF B2 o R A DVRPFEE D 2 AR AR L o sg L 2
PLAM HR o TP A (FRR o
4121 FHZFE R 5

TR E g e SPOT-5 % k2 26 WPz LT w2
DEM FlL » ¥ b o jplzpz 3R F 2 5 2009 # ~ N b ¢ 0 @ AT R
F X BB EPERLZINP 4B 4197 0 5 B/ N2 E A 0F

B A S VREAR(S I RB)UE RIRTR( BB -
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120.500 120.600 120.700 20.8 120.900 121.000
C————————————— C—————

23.300 23.300

23.200 - : ;
o kB B

23.100 23.100

23.000

- = S
120.800 120900 121.000

——————
120.500 120.600

B 4197 % %
4.1.2.2 % BJLFEE
MWL > AL EF AR A NP E AR LB EN B
AT BPEEP LS RFRGNRE S RSN TEAFY LRI 0 R P
B R 682 29 RGN RIEE g, 1738 Bk @
Mo IR 3 I B 2 I aE e 4§ (Entropy) ~ B2 (Homogenity) ~ ¥t
(Contrast) ~ & = fg %= (Angular Second Moment, ASM) » . {S » §1* = 8 DEM

FEEAFG R cRF R CHR - B 4110 5w aJLfE R AZR] o
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/ T

graErk Y gaeens /

/ BB KRBT
% B
hiis e BB B |/ somsm /
EEg

B 4.1-10 ~ = e 2 £ A2 ]

AL R L R R RO R E - AR AS LB
AP PEE AL L R R R AL D S e
Magnitude = \/(Post — Pre)? ;¢ 4-1-1
Direction = cos_lw ;¢ 4-1-2

AL IERY 2R EE G A E 4 2L (Gray Level

co-occurrence matrix, GLCM)(Haralick et al., 1973 ):* & 2. » 2 p e s> § 1t
Poify iz ko @ BN e
N—-1N-1
Entropy = Z Z p(i,j) * Inp(i, /) 7 4-1-3
i=1 j=
N—-1N-1 ( )
” X 4-1-
Homogenity = Z ]Z T (—))? v 4-1-4
N—-1N-1
Contrast p(i, ) * (i, j)? 7 4-1-5
i=1 j=1
N—-1N-1
ASM = Z Z n(i, /)2 X 4-1-6
i=1 j=1
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4123 A BIMBFER
PR A R B2 S RFHG SRR SRR EF N
ALY F I A R R
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\

RIS AR B E o B 4.1-11 5 A B VERARE o

/ iﬂaﬁ Aok /

%%ﬁﬁﬁg@m@—» TA IR AE

R
2
TR0 T
K

A

~ e

[ oesagE A R

A

sy

B 4.1-11 ~ 2 & VR IE B AR

[SeLEET

W EE

~] T~J T4 T

BRAFIIEY o f* 2 EFN GRS T 12K SHE 2 KM EHFT
& (Batch normalization layer) % softmax & 4c®@ 4.1-12 #75% » @ A3-F #

softmax # — B 2 £ & 175 BP-B ez %Ik -

. :Convolution layer 3
- ® :Batch normalization layer !

I] :Softmax layer

Bl 4.1-12 - 5 fi g i
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PRF BRI TR MRV A R R A B W R R B2
FEFERETHEORE e R R RITEHE AT F 0 R IR

PEE T T2 NS BRI S A N 2 2L R o ) 4.1-13 L 4 W

RS

B RpIFF B ARE o AT TR Z g AR B2 F Y (ensemble

learning) = x » H & d J 504 (decision tree)#rE = » HiF 173 % L d
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TR SRAL A
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_________________________________ B RER
g 2 54
44 L o = ‘éi
YL %4_ﬂ@zﬁﬂ . %i;iw%
AR W / A4
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F% T AP TR R A A M RIREE - RS do )
41-14 557 S BP B BH L ATE RN MR RR i d 50 L RN

WEE - 4 4.1-2 Mkflgygn gt (3% ~ 2R S 2R TG

H¢ Recall 5 2 %5 o %) 5 R AEAGRIT o SRR R I RESE K
Precision % # 42k » F_ IR0 FEenEAT > BB g E 5 0

Fl-mesure 3 F1 4 #c> B 4o 3 dﬂz A GG Sl OA S ERHMER »
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Gl > * N3 B IR R T

R

Y
5 Kilometers f: ]

¢

l:l True data

2

[ ] Predicted result

Bl 4.1-14 ~ ¥ % #3585 B e

%0412 2 FEES 2 HRER

otanse

Sample rate v ¥ | HER F1 » #& R R | ey | Kappa fhidic
(Recall) | (Precision) | (F1-measure) (CA) (Iov) (Kappa)
1:4 0.9835 0.7438 0.847 0.9463 0.7346 0.8153
1:7 0.9774 0.7448 0.8454 0.9659 0.7322 0.8264
1:10 0.9834 0.742 0.8458 0.9754 0.7329 0.8327
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oo THRAFHFE T FRFXUNE AT T Lo AR FEFEF T GAR
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TTEHP AL TR % o
4131 FH2FEL RH

PlRET R 5 Plelades = £ = 88 ¥t B ik 05 2= 3474 2 24
Boifeo PRI R E0RTH 0 Bl 4115 SORIGER o RIBEARR R ez e

Bh 2 PR ISR N AT A -

(a) Forward (b) Nadir (c)Backward

B 4.1-15 - Pleiades = & fp = 8 ¥t

4.1.32 Fih R
BARRAG E AN GETHEEPERTRES D I G
MicMac ¥ £ 32 $63% » FlR4p 3 L 5 3 iR My F A4 w b s &2

= 'ﬁ' 18 l‘g»fj',v, %&F’a&’ = B % " B - %ﬁ""}‘]’&"ﬁp I 5 37 5N fﬁ"&;‘x
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Pt 109 # R Z AR A DK AT RS E L (R

HIRES e o h > PREFFRGFL LRI ST R R
7 % 3 dcid 4% (Scale-invariant feature transform, SIFT):& 7 32 % R £ f= gk

fe > TR (SR L2 BIRN i EZ D ) fie & EA 0 1RS N A ]

F e B 4.1-16 5B il AR -

A 2 8o

B 4.1-16 ~ F: 14> 41 jm A2
4133 BB g

B AR £ 3 B384 MicMac i€ * 7 fie i i Sl 70 R A PG B
EfE o s AR S RS R B PR 2R I B
Hoiv 3 4p B 7= (Normalized Cross-Correlation, NCC){F 3| 4p b 2 8ic > ™ 4p 0 &
Pl 5 (1-4p B (2 8K) P10t % B2 22— ke Pap v A 5 % (Rupnik et al., 2017) -
BRI RR & BB AR R > PR < Pl RAR S o S RTS8

TERGELARL B RS CAL RN SRA T RIS S
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Rresn 100 &R = MR AGRA 2 TAG A AR 1
R A TEL TR o d TR D niE T T e -
Pleiades = £ = WG M7 33 232 Mkt 2 oMotz 1 AR

BB v drd 4.1-3 470 o H P P A aEng v i~ (Forward+Backward) % #%

.| (Nadir+Backward) i i e & 22 = & & = 484 > B LA A Y

A AR hoB 4117 97 0 B P 24 MA L T EA PR B o B 4.1-17(b)
PR RN 44% > @ B 4.1-17(Q)% B 4.1-17(C) ¢ 2 F A B
2.0%% 2.2% - & - Forward Backward 7 fic % pe2. R e % » A & £ 7|5 2

BRI o m R BRERBA IS FAHEE S A ERT
ﬁ” 2 Ei?vié“ﬁ'{g o

% 413~ 2 H¥EeEFTAL

e S B/H
Forward Nadir 0.32
Nadir Backward 0.13
Forward Backward 0.46
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(c) =z £ &%y

B 4.1-17 ~ #icim b 4 53] = % B

B 4.1-18

i
i
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7‘*
W
W

% B @L‘%Z\ﬁ_]7 %K%i%a%}ﬂ?%flf{,

Nadir Backward z_ = & 8228 7 e 4 pr R > > e T ® LB ¥ fen > 4

fefiB 2 £ 8 > AET L EFEFAFER T cn 2 L2 2
FH A kot o 37 e & PR B 4 ] &2 Nadir Backward = % 4p iz
m L R 2 de PV £ Forward Backward #iT 0 Z £ M S S A H
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M RFER 3 3V E 44 Pleiades = WM A 1 2 HIRRPEZRZF
LA B 4.1-19 FHRPEA TR RPEEE A BEE TR BE S o
ARG i RE TR 2R KR g A A W2 g AR
oo PR ARMATIOEE FRKBIISINE > VDML e W2
Tfe s o B AP B St de £ 4.1-4 fror o 7 fe = ¥4 Bh#Eic Nadir Backward
B 5 ~= & &> B4t 2 @ Forward Backward # > - % #2. 1% % ¥% & Forward

7

-~

Backward z_ 357 3 {g. 1 4.56 = & 5 B iRt

e

g vt i 046> 2%

T%l%

o &2 4
+H B e o & R Nadir Backward » fe A3 A28 1 < 2. BB P > FIHM

SF IR D B TR BRI KBS AR LR
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Nadir Backward z2_ % #2.i5 £ 322> $2E 5 3.06 = = »d 30wy b 90,13 »

3R THAEARE - 2 e MEL X2 3RHLH5>NES 163 o

<

CFZEARYHARE SRR T T RASFEET R R

BART MR o

B 4.1-19 -~ #7824 % B

%414 HEE ACAH AR B4

Forward Nadir Forward Nadir
Backward Backward Backward
B/H 0.46 0.13
7 e o= 7 Bhic(E) 119,305,688 121,502,740 120,746,476
B AL A
T (¢ 2.72 0.05 0.03
B AL £
Fom (2 ©) 4.56 3.06 1.63
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(@ FEELrFH+%

Bl 4.1-20 - 2016 & & 2 % )k

42 B 4 1AFEE B bR IR S R

4.2.1 2 = s Rt £ B E LD 4

# #-(2D Displacement Field) % B~Fcjis o & (109)# & iE = = ‘e 4 =4 3
BB TRERNZT AL SR o AER LIS K D= AN

TOERE R A LR PR ERS A a2 A EAR M

NS

FUBRIF G AR SR R AR FERGEFTEFILT
i# £ & + 3% = (Differential Interferometric Synthetic Aperture Radar,
DINSAR) & 44 #= ¥ & § 2 it {7 5 8L 152 B2 (Particle image velocimetry,
PIV) (Thielicke & Stamhuis, 2014) ~ # s & @ i 7 fe (Optical image

correlation, OIC) ~ & % #% 1 jp|;* (Pixel-offset, PO)(Leprince et al., 2007) » &
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A Ak ihi Y B2 3 41 > DINSAR i B £ ¥ 0 gE AL &
(Line-of-sight, LOS) = & } crgedrec s » @ PIV (4 50 (4 8 T 5482 g (8
SRS PRI PR ALYRIEIP G ATV RERD
Btz o Ra o AR LA FHF VRS DOFEE > DINSAR B2 ih
decorrelation >z g ¥ 5 Bc& > 3 = DINSAR = % % s 2 B+ > m PIV
2T AL T (Windows)id Z i+ ik £ B8 G h B > AR 0E
(4ri & 2 )HR T o PIV e i % 2 3 SR gE L4 = % (Kuo et al., 2019) »
Flpb > 4 6 &5 B DINSAR 12 #h erbid ipl B it 475 AT E A 45 B o
AL EFER SPGB B £ B TES I HIPIV o B
s m iSRG 2R TR0 57 aviE 2 & =4 H-(Displacement Field) >
B A B AN T R R AR T RET
2.3 & 0 AP E E A 55 7 fie(Phase Correlation Matching)(Stone et al.,

2001; Teoetal., 2017) » H @4 B R A o > R 5k F 7 P i1

AN

AE S8 3R B A g 5o TR e 1 #4 Z04E B (cross-power spectrum) > H
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Fegh ¥ T RARGERIDGIONF AN GT R FILE A 2 A 7
PR R R S AR T pe Rk (AR ML B G PR AIRE
(2)3n z2v¢ (Signal-to-noise ratio) & < *+ F® 4 ©

I AR RSN BIA K- ARG A 0 kSRR TE

EREAA DS IHEG 2R PRE I BEFTZ T E 5 K

FRHE S > BEHPT RART LR REE LS B LT
BT fe o R ik A R K TR Rl o B I A T iR B

P B R e LB M EB R L SR o B 42-1 5 Ak

PIV Jprie (7T 3% b B3 RT =B -

(a) 3 & S48 (b) s 9 I 548 i

B 42-1-PIV¥ 28 €7 % B

NS

AFEW PIV 7 o2 & 50 2 R7)58 2 Bl el ol e d2 W 25 R
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[ WA S A IR C RN - - A T S E s B ifieFz 2 T
Ao AL BRI FEOERERTE RSP T ERERCSER )
L F A A Ft A (S SURIR IR A e e Bl e

EEATA A S BB B AR 0 B S AR TR D S @ D S

AFT T PIV k% AF 548 7 feo 12 Peig & = ¥ i (Fast Fourier Transform)
A F %25 (window deformation) = ;2 7 #f 3 ¢ 2t 5 4 M 22 (Thielicke &
Stamhuis, 2014) » B en i EEF W S H B R 53 A F i B H o T fedhin
A E 4% B R+ 4 47 % 8 (Interrogation Area)? «w T e g 4 = E 0 T fe
HRARE AR T AR T e S 5 50% (407 feARL T 4 o) 5 128128
pixels » 4p #8AR & BSEE 5 64 pixels) » (516 % - =cAfE T i (fLs Pass 1) -

FEREI A REY SR @I RO R (R 422 @4T 9 B Y

L) o B

\“‘\ﬂ

FAEE I A RBE B R s F S A
T A2 %2540 B 4.2-2(b)0% ¢ % ) (Thielicke & Stamhuis, 2014) - £ %
50D EG R % Z AR T fe(fL s Pass 2)14 Pass 1 e fie & & G ASdn
o+ AT R AR % = /] (¥- 64 x 64 pixels) 2 4p #RAR T B EE(4r 32 pixels)
HTHINFEBERRIF ST RBE R0 ST REET T feo 7 3] Pass 2
A HEY SEA L S BE B

FRE B EEOfIR A T d S ALT (R)FL A E (o) B S E @ B A
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2B EWEEA G eni g3 o

,,,,,,,,,,,,,,

@) e A 45 T (b) & 7 e A 45 T

Bl 4.2-2~ =# T =% 51 X Bl(Thielicke & Stamhuis, 2014)
Fms 2 AU A PBEFART MG S EFTESE L RY B
BIPEG R S BEART  RFTRIAS EBELHR A 4241
3%k %— (Setting 01) % &) > Pass 1 £ & 2 #75 256 x 256 pixels = -] £
F AT R B (F B AT R B AP EE 128 pixels 2 pFE 5 G 50%) i £ o
Pass 2 %3 o [Fl%5-] 5 128 x 128 pixels(# @ + » 47 % 3 B iEdF2 5 64
pixels) » 3-8 3 A 47 T 3 2 B endp Bl B E M 1 (S h B B o
A TIRE PIVEE Gk T ABFFER Y PIV HFE Tk
TR EHBEUR FREFR O TERBARHRE S R EEY S
it B 1Y g 61 2015/7/31 22 2017/8/12 4w B o B2 37 R 25 05 2 = >
Boife -] 5 1461x1723 pixels o pt F S = 7 S BOEB- - £ 24
(£ 42-1) $- 24%%E 5 - 23Ky EF B I LRS- 5

two-pass #F # PIV; %2 228l § = F a3 247 RE > 3
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Rt 109 # Bz AR RE L BN AT RS E 1 v
three-pass AL & %250 PIV o

% 4.2-1PIV %#c% %

Interrogation area (pixel x pixel) Step (pixel)
F AT RBART <] B ARAR ¥ ESEE
) Pass 1 256 x 256 128
Setting 01
Pass 2 128 x 128 64
) Pass 1 128 x 128 64
Setting 02
Pass 2 64 x 64 32
Pass 1 128 x 128 64
Setting 03 Pass 2 64 x 64 32
Pass 3 32 x 32 16
B %+ % hoB 4.2-3 577 > PIV B0k Rehk B 5 A 41 T B Bl

-X\

ERe BHARTE - S5~ L1 RO PR GIEAL 2 S

k(% 422 4.2-4% B 4.2-5)025 5 B B 4 s sER b A B EEAE -

-

et PIVEFENESERY s NEBELE 2B RS RHHhP e sk
FUf & o Rz B PIVASBE AL EREASFNEHE 2 PIVEZ e
SEET| e EHFE AL EROEHBEE BH D LB B EP e

fim
s
i
L
9%
»}%ﬁc
1n
=
3
E
X
[l

L% S

=

A3 5 BB EIF R
FHN T A 1R RIIRAR I o AT F RS % KEOPIV F = 2Bk s
Fo EFOe EHE AL LR S EERIT PR FEd ¥ 2 e Sk T
G BHFRBE R PIV 2Be 28 A1 R HERDS R

4w = B
lq-d Roon

‘W

Bl2 SBck T 0 AL IFHER Y T
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(@) Setting 01 = %

T 327 (T

(b) Setting 02 = %

Bl 4.2-3 ~ PIV = % vt i

2

Vs

(c) Setting 03 = %

% 422 PIVo B3 L1 £ipd %1

ERF(FhcrrgLi)
=# & (m) [l s el £ & £ (m) IR
Aa R 3.544 172°03’ 10" - -
Setting 01 1.781 218°04' 10" 1.763 46°01" 00"
PIV & % | Setting 02 2.716 176°57" 23" 0.828 04°54' 13"
Setting 03 3.355 173°25' 31" 0.189 01°22'21"
ik
>4 & (m) [l s el £ & £ (m) IR
A1 g 4.000 269°34' 13" - -
Setting 01 2.236 259°30' 55" 1.764 10°03' 18"
PIV & % | Setting 02 2.094 266°44' 09" 1.906 02°50" 04"
Setting 03 2.256 256°43' 29" 1.744 12°50" 45"
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(@ *x BR(HH T (b) * 3 Bipl( 8 8%

[X.Y) [1051 798)
[U.V] [2.197 2.805)

(XY] [1027 806]
[X.Y] [1035 814] [U\V] [0.7683 6.666]
[U,V] [0.2884 5.424] 0

J

(c) PIV Setting 01 (d) PIV Setting 01 (e) PIV Setting 01

B 42-4~PIVE A1 EPRZHSF HE W 0

(@ *x 2RI(F HF0) (b) ~ 2 2 RI(ts 8 %)

[X.Y] [1163 654)
J o 4 ssz028s [X.Y] [1155 662]
[U.V] [-4.381 1.036]
[X,Y] [1179 670) 2

[U,V] [-4.398 0.8139)

(c) PIV Setting 01 (d) PIV Setting 01 (e) PIV Setting 01
B 425 -PIVE L1 EpEZEAF B E IR
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422 # > b PR G EMASVRTHEE  FHAFEULFTHEREE
23 AT HET
AL ITA R PR E R E ORI G Buk R I E R g R

EERFAE LA RS D RFR B4 85 T ooif ¥ 1o £ (109)

-;I}i Eﬁpé\'%am:’\'l’bﬁ&iﬁ, 7}» A5 4”4} g: y TAU\ ﬁ—}&%‘(?‘h’ ‘g\:mi}}r
BorERIMIFIZAIRERIEVRERLEALEZ LR Z 230
[kl R B PR ST HRM G X2 RE R

Bl R AU B AR T RN G o A RRB L g Ao T
Fp & 2 B ania ‘} B T AT R Rl T o

HEMBRBY FREY 22 A FRAE YV QiR+

"J
SN
3
g;
1l
)ﬁ{-

2

BFRE 2 AEFEROS N Sl ALYV FEMERZ LI B RE
(Land Cover) » 1 i® p e & % R B < 3 (% ¥ P2 # (Benchmark
Dataset))i& = sud Pl AT E 5y T E > 3 A 47 L TR TR B2 g ¥
Mool iFp FAEARZ RIS F- 02 REREHRFPEE Y
Bl L8 e rugpl et ot B REMEVRERE > 2BH Y
VIRFR ARG 2 AR DS FEDRTOEFEE 7 A RAE

Iy

A LHE DR L IR ,} BBl R B ~ fRTR AR

BREE D FZAR AL TR REEDRTAE L B Fohg
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Bt 100 E R Z AR WA 2 BATK AR B L (v
PURFT AL R BT R A 5B 58 (Image Classification) ~ 47 i i

| (Object Detection) %2 % &, 4 %] (Semantic Segmentation) (B 4.2-6) » %
AR s BRI 3 e w] s T HREEE R R - R
oA Ty ¢ drehp BHRE Ik > T AL B EAEG S F R AR Y
Bip? d s dpd el ENarlos Biliguigs o 9
BEMRETREL NV RA G E - R (Single-Label) 2§ & &

Classification
Input Image -~

Object
Detection

Semantic
Segmentation

W 426 FOAH -~ H LERIZFLAHF LW
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X airplane

-

airplane

airplane

Single Label Multi Label
Bl 4.2-7~ 8 - 82 587 LR

ABLFEAE M4 BREEFTRRE & 423 v v RED TR
B> 2 EFRIEE PG 44T o AID(Aerial Image Dataset) (Xia et al., 2017)
TAHLER I Google Earth » s 42 F 2 BRI R R(L & 5 2R~
ERZB LA P AP BEAAR)pEZ PR T RP AR 5 3
FaFul 0 & - #uF 220 1 420 3 600x600 pixels 0§ o B 4% B 247 R
f2505M I 8Me L EFBG P HAM 0 L H PG ANS G FRT R
g 0 R AR AR 0 #F F13t R (Zhou et al., 2018) -

BigEarthNet(Sumbul et al., 2019):% * 2017 # 6 * 1 2018 & 5 * & »
PREFE AT BRI RE ]I NG5 7 B LR
W2 125 3% 2 5 8] 1%+ Sentinel-2 82 a3 £ 5 Rl 8 - FRP G

HE A OF RO (8Bt E B R4 A 5 10m e 3t 27 & 120x120 pixels; 20m

otanse 61



pFen 100 ER AR ARE WA AR B (73

e 3 &0 60x60 pixels ; 60m @2 k3t 2 & 20x20 pixels o £ {4 =
590,326 5& £ 1 - Sentinel-2 #* {2 2018 & CLC(CORINE Land Cover )#c3
EREa- B 5B e BFELER(ET 43 Fapw)iphlm > @
BigEarthNet = % ¥ — 2 § £ 82 #icdp o5 - dg w2 B ifdk 5 328% ;
B b3 2171193 o gt TR B gL (DR - JPNERE Y R A
CNN *® 5 # @ i fmid > (2)if * »T R 1A 3 o

DeepSat(Basu et al., 2015) 7L & # 5k p NAIP(National Agriculture
Imagery Program) » %tk [Fl & 7 5 B % B < r&(Continental United States)
Pz iR S Im> <] 5 28x28 pixels > if * TR #E o BT B
< 7 Sat-4 2 Sat-6> & F ¥ A1 UHRteaE ] o Sat-4 5 4 fBaE e 5 Sat-6
7 6 f8#F %] » Sat-4 = 7 500,000 3& B ; Sat-6 A5 405,000 3& F if o * &7
THET Sat-6 FHELH @ FAE v RE ST AR R g o

EuroSat(Helber et al., 2019):E# £ 7 & M ¥ dp#&>T w5 34 B B Retus
(Aot F R AR R R E )9 Sentinel-2 Bt pt FAHLE & 5
10 fasp %] > & - 5% 5 2000 1 3000 3% B > £ 5 27,000 5 o B i~

| % 64x64 pixelss 7 ¥ 247 A 5 10me H 48 22 (D) gk p 5 B R Fo

N~
3

Rt
) 4=

il

S

8y
k")

FAS AT (QF - g A et S

PldrdeiRag sl Y ¢ 22 PR Al DAt R L BN F AR ()2
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NWPU-RESISC45(Cheng et al., 2017):E # ** > 7% 100 7 B B 7Jc# % 4p

W2 Bl LR BIp b2 agn o R HEED A FBE N LMo ki
2 FRE o & - ggw 700 %k 256x256 pixels @ oo B E B R R A3
0.2m % 30m 2 B - pt TR e R L% WREF =R s g F ke &
(Remote sensing image retrieval, RSIR) > ;= » % it T4 2 B ijs 304
e ¥R R AR5 b (classes of interest, COI) & & B ffei— -] 384 (8]
4.2-8) > Fi§® 2L COl tn# B enF a1 F o A Jbggas o ¥ gL T
BRGZZFBEALE ~  RAPGRRESIPHEZ RaOwE > Ft

BARE RER Y A X T AR 02 0 & 5 4o 248 5018 ¢ (Zhou et al., 2018) -

Bl 4.2-8 ~ NWPU-RESISC45 #cd & # b= ] (Zhou et al., 2018)

PatternNet (Zhou et al., 2018)&_% 7 fF 247 R G # kT A & > B ifk
p Google Earth ¢ £_Google Map API -4t % R 7 #7a & chdicdp o 7 38 f&
Kpw] > & - #gwlp 800 & 256x256 pixels Fiff o pgAtH @ FHE o
PatternNet e gk % @ (1244 » & - gehB Gk ® 5§ L AN EREY

7 RSIR = 3% 5 (245 R B - i Ere B & B (9

Fea S AR -2

otanse
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RFER 109 E B AR AR E 3z AR A s B itk
ff? COl 50t bl& » § JIt53a & Al 2 okl 1 (A)if * >0 B i 4F -
RSI-CB (Lietal, 2017)F 4l $ % # o & 4 8 B 72 357 o B (4o
FREN-T 6 FRE Y BAA P AL KRR E) B B

®F g~ | ¥ & 5 RSI-CB128 2 RSI-CB256 » ~ 1 55 :£ * RSI-CB128 F it

\_
piad
—t

A
S

Bo e TR 2 EE AR g e T

>

OSM(OpenStreetMap) 3.7 #5 W[ £ ¢ R 2 3= % & g2 X e fpw)E = 4
Xpsp%] o RSI-CB128 4~ 5 6 B 1 Zapw| > 45 B+ #7% > & - g% 95 800
% 128x128 pixels 1§ > 4,2 36707 5% » H 2 WfEt A 5 03 1 3m-
R A F RS (D) R s i QTR A AR S Y R
PhFe 29 WEP A2 LWE % pREL TRE > Bapa2Pix
LRRTE B R * WA o

UC-Merced FA R0k k p 2 B F34 & B (USGS) =~ 44z ik » 4

Ble 5 @20 B (dok L3~ RETH AP HP R~ 280 B

I

256 X 256

IR

FAkse £ 4 21485 n] 0 F BAE S & 5 100 % B fjo & SR P et
pixels» 7 & 247 & ¥ 5 0.3m- UC-Merced % ¥ - & § £ 82 #dp > @
PGS FRALF AL RO (oA ) BR AT E R
% 4i2) (Yang & Newsam, 2010) -

DOTA(Object deTection in Aerial images) (Xia et al., 2018) 7 & & .k

p Google Earth» § @ 3 304 ik d ¢ BFRiFL T4k 2 By
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Rt 109 E B = AR A AL AT HASE B (TS
NEMFTY BN E P LY ko 0 T E L H B 2,806 55 800x800 T
4000%x4000 pixels s#ey B2 if» £ 5 1584 B3t 3 £ K2 i & > 3§

® e R 0 AL A AR S { oHRE

NWPU VHR-10(Northwestern Polytechnical University
very-high-resolution 10-class) (Cheng et al., 2014) 7 # & ¥ if4h3e 5 10 f&
BEwlo i v Rl £ 4 800 E R E R H i ¢ 7 715 tFE~ i Google
Earth» 5 B 247 & 4 3% 0.5m I 2m 324 827 ; 85 tg P~ p 40 R4ER R £ i
B2 g ¢ (German Society for Photogrammetry, Remote Sensing and
Geoinformation (DGPF))# &< Vaihingen #&dz # > 7 & f247 & 5 0.08m
VHR(very high resolution) > ¢ i 4 it (pan-sharpened)+Z ¢ ‘= #t (color Infrared,
CIR)#: fh o

SpaceNet 7 #! f # ifd Digital Globe # & - ¢ 7 WorldView-2 ¢
WorldView-3 i# 5 & o B e B e £ M= B35 > AW 5" 5 2 9#
P~ FRPATACHELTEF S - ZRTF PR A K2R

(Larionov et al., 2020) o st FHL & W Hkzed 4 2 if iz 2 S| 0 @ * P

DSTL (Iglovikov et al., 2017) 7 42 & & ik p WorldView-3 > ¢ z 57 3
122 x1la2eitf X101 £2 f Ax F gkl gugwl - DSTL

POERRL I g F AR R B R R M (4
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X224~ b 2 ) -

DroneDeploy(Pilkington et al., 2020) 3 42 & . & 55 3%k 4y i+ &8 2 ¥
G AT TREEe L - BN R ZFEEAS 1008 TR
Mmoo AR G AE AR Y ONELAE

SEN12MS(Schmitt et al., 2019) F#L w & p Sentinel-1 # % #&(VV, VH)
& = 3L % § iZ (Synthetic Aperture Radar, SAR)%’ % ~ Sentinel-2 % % ¥
(multi-spectral) 82 % MODIS 2 3 % B - SAR 272 5 k3 B Bp 3%
£ 8 % & (% £ :2016/12/1~2017/2/28; % % :2017/3/1~2017/5/30 ; %
%:2017/6/1~2017/8/31 ; # %:2017/9/1~2017/11/30) * >zk~ v ; 2 + B F
FHPIBf 2016 & o gt TR B MR B s 3348 0 & 7 180,662 3 256x
256 pixels s@2 > Z B fEPT R 5 10m o> f * R A 2 o

TR & i-/3¢ Pk | TR
FE
g #rE el | R A (kR)
2 & £ (%) (m)
) o aerial image
AID Single-Label 10,000 0.5~8 2R E e Classification 30
(Google Earth)
_ Single/Multi- w4 010 o satellite image
BigEarthNet 590,326 | 10,20, 60 Classification 43 )
Label B B e (Sentinel-2)
DeepSat ) aerial image
Single-Label 405,000 1 % W= & | Classification 6
(Sat-6) (NAIP dataset)
) ‘ o satellite image
EuroSat Single-Label 27,000 10 RS Classification 10 )
(Sentinel-2)
NWPU-RESIS ) > 7k 100 o aerial image
Single-Label 31,500 0.2-30 Classification 45
C45 3B R (Google Earth)
0.062~ aerial image
PatternNet Single-Label 30,400 - Classification 38
4.693 (Google Earth)
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iKae e o iR & E # ik | BHREIARR)
vl 3 e ] 51 ] :I Q3 ;
i it £ (%) (m)
£ A% aerial image
RSI-CB ) e
(CB128) Single-Label 36,707 0.22~3 Mps 2 Classification 45 (Google Earth &
B Bing Maps)
aerial image
Single/Multi- . ) o (USGS National
UC-Merced 2,100 0.3 2 Classification 21
Label Map Urban Area
Imagery)
. Object o
DOTA Multi-Label 2,806 - - ) 15 aerial image
Detection
aerial image
0.5~2
(Google Earth)
NWPU ) Object Pan-sharpened
Single-Label 800 - ) 10
VHR-10 Detection CIR images
0.08 -
(Vaihingen
dataset)
29 HEp
R Object o
) satellite image
) fv B~ T Detection/ i
SpaceNet Multi-Label 24,586 0.3,05 ) 2 (WorldView-2 ~
oA Semantic
n _ WorldView-3)
& # ¥ | Segmentation
< ~eE 4 7?2
) Semantic satellite image
DSTL Multi-Label 57 0.3~1.2 ) 10 )
Segmentation (WorldView-3)
) Semantic aerial orthomosaic
DroneDeploy Multi-Label 55 0.1 - ) 7 )
Segmentation image
SAR image
(Sentinel-1) -
) Semantic satellite image
SEN12MS Multi-Label 541,986 10 2R A _ 33 )
Segmentation (Sentinel-2) ~ land
cover maps
(MODIS)
A R R BB R A A S P e AP R R Y REE R

FRRFEAA

T

FRE Y

S VRSB 0 U F B R R Bk
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Pt 100 £ B = HE2 URE 2B A TS B rd
(deep feature) - & 4| * '3 4F iF A F ¥ H AN 788 F ¥ (Transfer

learning) » < % #-7] & A % (classification)f Fuer g dic » & 73 7 ¥ 4 4

e

i""g\?v"

Ed

2 TERAFEBEY GRS T o e 8 Sl 0 B
B A RN R AP T R E R o

A % T Bl(Taiwan e-Map) 2 B2 1% & 5on 8 5§ 6] > 5845
MBEEHFEL YT FIERERIA LSRR RAPITZHRFRREE K
HRESEFERE AR R e K e BRERE RS REE
PE- BERERS AERE AR M2 DR F B (BigEarthNet ~ EuroSat -
PatternNet ~ RSI-CB128 ~ UC-Merced ~ DroneDeploy ~ SEN12MS) » % %] £ &

AL T I RIERI N 2 s A FES R RNt e L

T

FRF AL G AL T H B AN E Y A S R R T
ROE S w2 R RAR) S AR B B RE R RS R R 2 AN
BEEE ¥R L i D) R%ZiE5p3F & ¢ > BigEarthNet ~ PatternNet

2 RSI-CB128 A i ul ¥t 4 450 * 75 ¥ BaFuom s b » 7§z

T

BEAE DS G AU AL BT DI H BT

DroneDeploy ¥ UC-Merced %~ 534 %] ¥ & 224555 2 LM AE S > &2 %

T 68



pREcit 109 2 R Z AR R E ZF R ATEMFEL T

BEF T IR RAR k2 a BAEN c FERE 0 kTR SN
LR S A 5 BB 2 i 4 0 BigEarthNet - PatternNet %
RSI-CB128Ap gt H 8w B TR F i £ 8 £ B * 3+ Bl Sk -
# =ik & & UC-Merced £2 DroneDeploy ~ EuroSat ~ SEN12MS (# 4.2-4) -

+* 4.2-4~ % ?ﬁﬁi%%%?#l

B PR AR R B AZHEDERELT T3 BIHEY

BigEarthNet ~ PatternNet -~ RSI-CB128 -

DroneDeploy ~ UCMerced 3 F3E
EuroSat B HE - F N
SEN12MS PR BB Z HE S B
LAY DS FEES L BREERS PR Y (RS RS R

T\,
i
R
=
s
( N
2
Tk
R
e
£
f*ﬂ
Joes

BT R IEBRG LBV LN F -4

TR
poas}
e
/
hat
2z
Hk
4
&

5| 0 dodetk s B v % > BigEarthNet ~ EuroSat ~ RSI-CB128 %
SENI2ZMS FTH G~ @i ua2 2 4 LY LI+ BAHEHEF < % 50
R R8s - By P 4@~ S 1B ac 7 > DroneDeploy ~ PatternNet

AL E R LR TR RMAFHEBE S S 300 F 245
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Rrees 100 &R = AR A RE BTG AT HEEE L TS
B H AN RE R A TR M R e T e

SEN12MS 4 sgagwl = 5 B>t p A F o Fuld g F ol &840

B
)|
B
o
£
-
e
W

\ (nnd
4
-
T
i
2
)|
£

|2 FARE B EHBELFELT T 58 Bl
W o ¥obo BN BRI R SR LEERE YT ERHAEL
T E 2 o blded B LI B RIOER - BR 2 FEFe BN A
BigEarthNet & F>tf — 2g%] » M2 U * T3 ¥ MehRH ~ # RiEa
P g S nAp e (472 B PR R B e A AN n]) o

TARL I AR AR W REALL (- ) £ g

Al = B REE TR F R R 2 N T HREESHREL R D) B
PR FALE ¢ > BigEarthNet ~ g w2 W2 I * s &40k > 2
BigEarthNet -5 = g ] 2 2 K2 )% & 54 ¥ o ’“/T‘ 7 BigEarthNet
2 vh Ry sk g s BApM 2 5g % > @ PatternNet B 4% > & B ¥
Ap B 5 %] 5 EuroSat R4k b g2 o X % 2 22K 4p B SE %] 5 SEN12MS &
U R R RGAPMAE N o SR TR o R A RF PR R A KL B
JeX B A A g2 i 4 0 BigEarthNet Boif £ 27 B2 1% A 5747 ) 4

& B kix A 5 RSI-CB128 ¥2 UC-Merced £ DroneDeploy ~ PatternNet -
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EuroSat 2 SEN12MS (% 4.2-5) -

B2 5 plE & ERES o taaln E -

BigEarthNet -

RSI-CB128 ~ DroneDeploy ~ UCMerced FHBA
PatternNet BE - -FHAAH
EuroSat SR PEERFHBH
SEN12MS VBT HB

B2 AU o som gk Su 2 8 L R AR S RIE B 2 8 B (RR AR

BlIRTAE 2 2 fgdgu AR % A S8 ARG NIRRT A Z 8
— B RZEI B R EFNR(FERAEE) Y - MR 3 R e BT o

Febo AU pms s R I gpale 7 B ;{thgrﬁg\Fg;%,g_,
AT S TRIEE D7 XK E2ARG S REN L S HAETEE >
RSI-CB128 ~ SEN12MS ~ UC-Merced % DroneDeploy % > Fif o & 1% %
WE R AL B - BTN A A Y CE AR F s e B
SRR R FIE R TR R R D I A s SRR SRR
g3 N R RZFFL -
FUFoe 2 i BB spREr I FRERFLPL T3
FRIAEIRIAIT AL A T EDNI R EBFUEUY T IERE RS A

AEER RS B R T ALk B R TR B RE Y B o A
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pREcit 109 2 R Z AR R E ZF R ATEMFEL T
Foowmiktr BRGERTREY BT - LT EORT KR FL P
oo B 4o b 4 B cig - 3L (FORMOSAT-2, FS-2)iFk B iz = B fat7 B &
22 BE NEFEEPGLIBTLRFERTREDPGIEENAS -
Tt AP EREFMFS2 A B EE L FVRTAES A A a9
g d FHESEFENHRELHREABFT o - BIRFRRE
¢ BigEarthNet 3 & * >0 4 % %2 FF % > 2= 5 RSI-CB128 - &
SEN12MS ¢z EuroSat 7 #7 i & * 3t £ TR o e AP R £ %
FplR B P 23k 47 BigEarthNet 2 RSI-CB128 7L § ena 5 p > &
UARE T IEBARE I A BSN AL AH HRE B RT
P2 SRR e IR LR PR > TR EAHR

K ~ s BigEarthNet ¥ - % B & &> 5 328 3% » & 7 3 217,119 3% ;

TR LM HE 2 RSI-CB128 & - s % 800 3% > @ < % #'%F
FHBE - fgn2 BB 2 M3t 100 3 s RE S L VRTRERE 0 &
MW B EcE 0 W B 100 5k o e

B LB YR e pdEn o A(109)E BRIFH A E I R XFERE Y H
priE v s FITEFEFRRHRZ Sk AE R LR R L TR B

i
v

SE 2 BA) (ImageNet) 2 3 i8] B 137 20 S b2 (BigEarthNet) i X &
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BoFeds 109 £ R Z AR L G WAL A RS B v
N REMH R 0 BRER P ERIREGIEVRELNF REoFER > T B TiBH
FEY 0 TAEBRNEY 5 I EFE R o AKRPE R A
TP b 1 SRR IR Pk P o

SOOLPRIERE Y Pk A KR AR - S @ % 39 S (Pretrained)

P e 78B4 8 ¥ (Transfer Learning) » 2 # & ¥ & { 774 4 &

|~

(Classification Layer)s$-#c > ¥ sLPR3F 56 5 L8R &8 - 15 172 N de @)

\

4.2-9 #77 o wBBNFY P YRR AR ALY ImageNet ¥ 35§ 10T

LUVRFABEATAA o 21 0 d 410 5 ImageNet B2 i 13 g ik R B o
b A THEAERR R BRSNS R AL LB S 0 &

SRE Y 2 A e Tt o F BT BuF Rl a2 A de e BT

w

E R

Deep Learning 5 Transfer Learning
(hrs/days) . (mins)
CLASSIFIER i CLASSIFIER
TRAINING ; TRAINING
FEATURE ! TRANSFERRED
LEARNING : ; FEATURES
NO NEW TRANING |

Train on ' Train on
Large Public : your small
Datasets i local dataset

Bl % % & : https://medium.com/free-code-camp/asl-recognition-using-transfer-learning-918ba054c004

r‘]429‘1%\ﬁ;§33' [E""S;\]
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https://medium.com/free-code-camp/asl-recognition-using-transfer-learning-918ba054c004

pFen 100 ER AR ARE WA AR B (73
HHUSRIBE G 5 o H P IBEAF LR DI T A ITfH
WAL TR ERFEER P EE S R D2 FLIFEREY PIHEA S
4§ (Convolutional Neural Network, CNN) » & r2 4 & & 478 77 238 = % o &
BT %0 LA FE T % - FFE2 UC-Merced 2 PatternNet 7 AL &
AR SN S =i it H I P- A S ;% = P ECP E_BigEarth 2 EuroSAT
TAE S T BB g RIS 5 o
mh - BREE A EHE T 2 ImageNet 5 2 RFR BT A 2 2 SR
#-3) > # 7 Alexnet~Googlenet~Inceptionv3~Resnet50~Resnet101~Squeezent -
Vggl6 2 Vggl9: & ~ B it ié * ehie o] o 2 T L # UC-Merced
% PatternNet g B 32 G R E -8 B P NE Y L Aot~ BIE I RED

ts > L ¥ UC-Merced % PatternNet 3 & & 7 2 1% #.(Image Patch) 4 %g >

;i'lji a —

E

PR RAHEDEY - BBV S SR TR AT adpiky
1 Fg & (Accuracy) ~ & xg & (Precision) ~ . % & (Recall)* F1-Score (Mishra,

2018)( 4-2-1~5% 4-2-4) -

Accuracy( £z 5 )= (TP + TN)/ (TP+TN+FP+FN) ;v 4-2-1
Recall(z w ) = TP/(TP+FN) ;8 4-2-2
Precision(2& x & ) = TP/(TP+FP) & 4-2-3
F1-score = 2 * Precision * Recall / (Precision + Recall) X424

# P > TP(True Positive)Z E FFm T3 > 3|23 T35 | vt mp

oesner 74



Bt 109 &R Z AR AEE L AT A TS B 1 it
#< s TN(True Negative) 2 ¢ Fm T i3 o 323 Mg ot e i
FN(False Negative) £ & % Fml 5 o #3230 15 48 253 i ; FP(False
Positive) £ & F Hm T3 > #3120 T35 ) B
RFECE £ & UC-Merced FAL & 21 Bagm]? E 0 128 (F 2 T AL
(B 4.2-10) » & - #gw| & 5 100 3R P if > #F Bagn|2 P p A 22 &
(1)80% ¥ & #" M & (Training) » * »* iz 3+ % dkc ; (210% % % = %% &
(Validation) » * ™ gzt - Bcif * (23 K & T S 8Tt (3)10%% ks % &
(Test) » * *> M= f+5 S8 Aot o @ % 1 i~ BIg JUe B ) 2 7184
FEY S E P EREHATEE o B 4.2-11 v N B RE R Gk P
FToRE R H ¢ Vool shE A TR A &> 12 B 57 W] iR3E M A (Test accuracy)

0% £ 90%:1 (% 4.2:6) -

golfcourse00 golfcourse01 golfcourse02 golfcourse03 golfcourse04

Golf course

(% f: % 335)

River

(i)

river00 riverQ1

-

overpass10 overpassi1 overpassi2 overpass13 overpassi4

Bl 4.2-10 ~ UC-Merced F i & & &
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AR AR A AT HATE B L TR

alexnet
120
100
80
60
40
20
o
0@' & é? & @ _\0 < “;s\ 6@ §~¢b &
{\,,(9 ‘(b wﬁé g‘:‘bw o((g? o"w& ’o&\ & Qb\& @&" &
& & & A (F’\ o <
@e@\) & &
W Precision M Recall ®Fl-score
inceptionV3
120
100
80
60
40
20
o
-;‘90« “’5 ﬁ@b\bﬁs‘zg‘é‘:ﬁ \44,‘9‘ &@‘P &é&\ & 6{5\‘;9
& & AN (9‘#\ ‘}0@% &
é,ab\o & &
W Precision W Recall W Fl-score
resnet101
105
100

N o®m o®m oW oW
S 0 & O

¥
& a
& ‘\’“ é‘ .z,’*‘ & é“’ & B
& & N & o & <° s 5
& & & e T & @""’ &
S &9
& K
W Precision mRecall mFl-score
vgegle
105
100
95
50
85
80
75
CEY- & &
R e &
& o @ a
Q‘v ‘\'o \“é é\bd“ u‘& 5\759 .DZ“& & 0@ &
S & & & ¢ & &
> i) © @
E o &£
& )

W Precision W Recall W Fl-score

Bl 4.2-11 ~ UC-Merced (12 #5 %)) ¥+ & 2

%> % PatternNet 7L & i

FRESRT, > TBE

£ * PatternNet

412 UC-Merced & 4f
# et £4p L UC-Merced

TR R 15(% 4.2-6) - PatternNet

googlenet
120
1
20
60
40
20
0
N
y I E S S s
S ,@n"' . @‘@ @\o S . ;«‘3’ '}o@ &
6&5\ &6‘) &
W Precision mRecall mFl-score
resnet50
105
100
35
50
85
80 |
75
s
'1‘90 & {,é:'p o @ﬁé‘ﬁ@ i&@ & m\ é@ .
& ST A &‘é & '~"’§
> )
é‘z'b < '-F‘b
WPrecision ®Recall ®Fl-score
squeeznet
105
100
95
90
85
gy
75
',‘90 & sé&) -&d&@ e‘gﬁ .x\’f‘q (i-‘ \(\ zé* &
& & g ¢ & &
= ¥ o “
& € &
M Precision M Recall mFl-score
vggl9
120
100
80
60
40
20
0
Q""oo ‘@ e}"é‘ & é@ o&D c“éq 'a\ b & Q
& & Bb\\}\ av.@@ <Q
&

W Precision mRecall mFl-score

Precision ~ Recall 2 F1-Score
11 BaEw LT i
TR

FHES 1L BEHnT

otsnse
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pFen 100 ER AR ARE WA AR B (73
FLERAR 5 He b (Test) * — 27 s & 5 800 5 2 e = % B 77 o iRI34F & (Test
accuracy) i >+ 75%~84%z_ > i1t H ¢ * UC-Merced TFAL & 2 B ¥t »
i ¥ e ik (ResnetS0 ~ Resnetl01 2 Inceptionv3)™ » PatternNet 3 4L # 1%
BEEFPREERRE 6 RRE c 3P BEDRTFV NS
(1) & BFHENTFfEITAEF F(UC-Merced # e B 247 & 3
0.3m ; PatternNet 22 .z R f247 & 4 > 0.062m I 4.693m) - i & =
AR TR o
(2 ? P FREY R E TN R DPEFR > RAFREZ FR
(resnet50 ~ resnetl01 % inceptionv3)*t i3 3 AL [ BF iy 17 | e B i
BHR o R PHAR R RV ER PEHR

F 426~ L FREV RRZIFHA

" B3R B et
vk & g UC-Merced (12 #7) PatternNet (11 #f)
ES Y : ——
Train Validation Test Test
Accuracy Accuracy Accuracy Accuracy

Alexnet 99.86 92.83 95.00 77.91
Googlenet 99.31 92.50 92.08 77.42
Inceptionv3 99.72 95.42 96.25 81.68
Resnet50 100.00 96.67 96.25 82.72
Resnet101 100.00 95.00 96.25 84.98
Squeezent 99.58 90.42 93.75 77.05
Vggl6 100.00 97.50 96.67 75.88
Vggl9 99.86 96.67 95.42 75.06
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DRt 109 £ Bz AR ARE T BN AT HNE B (TR
ok N B 2 gg 2 UC-Merced 2 PatternNet Tl & e 20 &=

o8z BR ) cnbub P g BT REEZ BARDS L

—\

i P B AP web o BRHNEY @ N BAEY AT Kf i - %l
BOrA S o By BUE R RA S 2 WA AP L E 5 o oy
RF AP ERSFEEMRDE OARB L - T B2 BRABRSUER

Bt SRR R B S TR RS @k i s

= BREE O Y B G BuF R ekt 0 2 BigEarthNet (Sumbul et
l.,2019) 5 2" S F R & 77 A 4 enE P UHCT] » £ 7 KBranchCNN(Sumbul

et al., 2019) ~ Vggl16 ~ Vggl9 ~ Resnet50 -~ Resnet101 # Resnetl52 > = =
FERCA] o IR VR SR T 0@ 5 Bl Sentinel-2 2 1 (€
7 Blue ~ Green ~ Red ~ Vegetation Red Edge ~ NIR ~ SWIR % » ¥ 10
AE) (B 4.2-12) P BB RNEY T REY 53§ E bubp@
B F & o wiE $# 2 BigEarthNet F #: # * Sentinel-2 # 2 %
EuroSAT (Helber et al., 2019) 7 #L & (B 4.2-13)> { #7- fA5F 2 /A 15

£ % EuroSAT Tl i 7 s 5 o



pREcit 109 2 R Z AR R E ZF R ATEMFEL T

7 < S2A_MSIL2A_20170617T113321_86_44

£ #: Sea and ocean

2 e S2A_MSIL2A_20170613T101031_82 56

1 4% Pastures, Coniferous forest, Mixed forest

2% o S2A_MSIL2A 20170701T093031_6_29

£ £ : Coniferous forest, Mixed forest, Transitional

woodland/shrub

Herbaceous

Annual Crop Forest )
Vegetation

Pasture Permanent Crop Residential River Sea Lake

Bl 4.2-13 ~ B 7 EUrOSAT 7L # & 27wl 307 L % 8 fof 6

otanse 79




PRt 109 # Bz AR R T FAAN A B it
PUE R G BB S EY H AL (D EuroSAT T E & 3
BigEarthNet 7 & 5% » 2 4 F - B RF S IE& o QF 5 A 3

BB A SR (70%) ~ % (15%) 3 b2 1 (15%) = 2 5

o
o
=
X
.

%7 &L PatternNet #f UC-Merced B # ;N8 % S &b g » ¥ oM E B
EuroSAT FAL &R A& - 5 %3 2000 3 3000 3 %2 i tript > 1 =
- #f %] 100 3 ¢7 500 3k - (3) ¢ * = &% 12 BigEarthNet 74 & 7 3" -3
#EFREHBNEY > 2 &£ KBranchCNN ~ Vggl6 ~ Vggl9 ~ Resnet50 ~ Resnet101
% Resnetl52 o B4 3V 5 ¥ B > K 25 50 1 epoch ¥ & {7 5 {8 ek 5F

B e S B { A& F 4 100 B epoch fo PFiE (7 £ M Byt Ao SE BV R

\\\Xy

o

She

B {

fpEct s v = Bk I (RGB)E th(PatternNet ¥ % & » & — #7 5] &
800 % F2 e T BB N E Y > b & 5 oh mr % (Accuracy) i % & 84.98% -
i * Lk £ Sentinel-2 B2 i (EUroSAT FL & » & — g %] & 500 5% § if)i&
FEBAEY SRl AAF 5% 5 Resnetl52 4 97.23%(®) 4.2-15)
T b &% EUOSAT - #u] & 100 R FALREA Y 85N F Vg
BRd one Tk ek Fa g s 30E T 850%(K] 4.2-14)  d 4t
S RV v @7 & 3 SubBPAGR el SRR ERIREE RS 3N

WAL -



PFedR 109 £ R = MR RE Z B A EEEE L TR

EuroSAT Transfer Learning (100)

100.00%
98.00% - 00:20:10
96.00% 0:16:00 - 00:17:17
94.00% 00:14:24
92.00%
90.00% 00:11:31
88.00% 00:08:38
86.00% 00:05:46
84.00%
82.00% 00:02:53
80.00% 00:00:00

KBranchCNN vggl6 vggl9 resnet50 resnetl01  resnetl52
BN Accuracy W Precision mEERecall mmF1-Score ——150 epcohstime

Bl 4.2-14 > e tr = % BV R * EUroSAT & #f %] 100 58 2 T &

BHNEY

EuroSAT Transfer Learning (500)

100.00% - 00:57:36
:49: 0:49:16
98.00% 0:46:37 0:49:05 - 00:50:24
96.00%
- 00:43:12
94.00%
92.00% - 00:36:00
90.00% - 00:28:48
88.00% - 00:21:36
86.00%
- 00:14:24
84.00%
82.00% - 00:07:12
80.00% - 00:00:00
KBranchCNN vggle vggl9 resnet50 resnetl01  resnetl52
B Accuracy M Precision mERecall mmF1-Score ~——150 epcohstime

Bl 4.2-15~ b= feth = S E 0 pF A i % EuroSAT & % %] 500 5& 2 7 &

BHNEY

Cesise
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PFedR 109 £ R = MR RE Z B A EEEE L TR

P

R TR AEY 8 T EERVREA TR At E TR A

IR

78 & 4712 EUroSAT 2 Tl E 87 RI3E o @ R 2% % 3% T 100 ## epoch
HEAFAEFEE LR 2 FEAEUOSAT R EEFEHEY - 7
F]E B et FEF 5 ResNetlOl 59 98.17%(B) 4.2-16) ; & £33/ -7 7 1
B B e rr & 5 ResNetlOl =7 98.49%( %] 4.2-17) - K,% NS S s
KBranchCNN 2 ¢t » H @ §-3] ch g R g 5 B i@ B 8 Y o
FUOPFEFTRTEAETERERFR 7 LR > KBranchCNN 7 35 &
BHNEY R BRI B TR AR R PR

EREIFOLCEBBNEY ST 0 60%apF (R 4.2-16 ~ B 4.2-17) -

EuroSAT Transfer Learning (full)

100.00% 06:00:00
98.00%
96.00% - — 04:48:00
94.00%
92.00% 03:36:00
90.00%
88.00% 02:24:00
86.00%
84.00% 01:12:00
82.00% /
80.00% 00:00:00

KBranchCNN vggl6 vggl9 resnet50 resnet101 resnet152
B Accuracy WM Precision W Recall mmmF1-Score 100 epcohs time

Bl 4.2-16~ & * EuroSAT 2 FH EBHBEF Y B2 S 2V RPEFR
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EuroSAT Direct Training (full)
100.00% 09:36:00

8:34:32

98.00% 08:24:00
96.00%

07:12:00
94.00%
92.00% 06:00:00
90.00% 04:48:00
88.00% 03:36:00
86.00%

02:24:00
84.00%
82 .00% / 01:12:00
80.00% 00:00:00

KBranchCNN vgglo vggl9 resnet50 resnet101 resnetl52
B Accuracy B Precision B Recall mmmF1-Score 100 epochs time

B 4.2-17 ~ i@ * EuroSAT 2 T & B £ 9Ub 2 1~ % S0 P

ABATIERGET (DBBAEY I RERE TEFEFTRS
TR EERRSE SR QRN ERE A EHARG -
TARR L A RE AT RO PP E R TR P GATVIRA L

2P RECA A A R R B S R E Y o FR 0§ R @ Skl B o

‘k

1B T A
424 @RS RIG L LR B WL T2 ELF LR
AIE LTI & PRELITER lé’#ﬁ‘%}‘—ﬂrp‘“f‘%’%@i@l?}f%¥° #(109)

ERVETRY B ABRIEHA S BRE L AR M LY o A A

g

BEMAE2S(D)E0EEEA47 > VL HRILT X010 E L B3 et yee
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MEet 109 £ R Z AR UHE TR ARSFEL T
MER BB 2RI E LS R QERRT & A BIRIE H
P , B

PP ZARER  ARRYZ AT R B E A WP E T ERE

TV de P R R TR &R R AR CEF R B e (P en
FREAER c RARTSTERS LAV LR A4 TR E A
fi!% E’ﬁg‘.-ﬁ = Vé’i— o f‘rﬂ/I]!r" 2 104 & 9 ] #— ;];‘;P\ f:(%'gfa'_ﬁ%g 105 & = 109

E2 TEAFERI —RNIPERFLI2RETE, 3 AaMair

FeR AR PehsEr R adcE S BT 0 A AR A DS 1/1000
VH P RBRERERES
E A REFE k% (Unmanned Aircraft Systems, UAS) ~ # #+ipl % & 5t
(Mobile Mapper System, MMS) % ¢ & 78 2 RIE $js > 7 > m 4 f 7T

(Unmanned Aerial Vehicle, UAV)#s &4 35 = =0 & 1 > 4] % F 3200 & B

\r

FREpHFOEREG TN 7 TEEHFEL R TR E S F SR

g

+ A BAp i g%\,ﬁﬁi B FEAF UAS es 9438 BRI E R~ 4 4R &
%o GlAed; I RR R MRS FeE RS 0 HEL R AER TEMR 0 2 R0 R

X F - R 2 105 & 1% UAV Ja 38 e £ e-GNSS 4 s s b 3
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Rt 109 # Bz AR RE L BN AT RS E 1 v

FEE A > 2016) 5 F R ELE s E Arert 107 £ 41 UAV e & e-GNSS
AR R b R T EB L RIIRPIE 2T T 47 0 vk i UAV Sdp g
P GRS R MR FHET UAV B EP R o BE R F i 2
FEM s AR RRIE A4 PR R % A > 2018) 5 pHET oAt

Prch a0 R R BRI L RIR DI A RBIZIE G F RS E T E
4 eEgFR 0 3 108 E N roRE | A BRI Bt L R 2 B R E ORI
(R x4 > 2019 p ARF i g B2+ =2 (Geospatial Information
Authority of Japan) 5 7 3 4 L T 2= 2538 B s o 2 107 & 2 UAV 84 L

FEBPECEPEAA AR IRIER TV RS B Fa(P AR U

% » 2018) -
d bR G|V Ao @ UAV s pl R ev e BRI E R~ 3 = &
B3 AT E 3 2L PR R W ITERAE > LR E o F it

F o UAV Sug Rl BAREZ ZREITRAZ U PE RS EX G RE

LA DETE

\v*b
(w.
™
3
A
=
H
ke
(u
m\%‘\
¢
2
RS
ETIS
N
A
g:
-l
pri
$y
:‘Q}(’,
P

i
J
=
]
\m
‘*\
a N
e
EX
7;-
-
=
a‘\
oy
hpaa|
i
35
=t
P
E:D
>~
3
%
'z
T
#
\ﬂb

AFFLIEPN FZABAXZ BIAL > 5 - L LA~ BEELFEP

"1,\)*(

ph s B e F R UAV RO BRI P R e s g

PR A kR S 08 S P RN AR R G R T UAV
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MoFct 100 E R = AR R T AT A RS B v g

SR GG E R BRI REER S ZNA L ET AN AT R
TRZHNFHR 2T E TR UAV I B G E G BRRUTEL 7 714

FIE R UAV 208 BRI R 2 1 R E 91 0 4o UAV ef i 2 a0 ~ Bufp &
TECHR REFRCBFPBOF TR SRS e £
BHBE R RER E R R PBHR et E S s

=i UAV 25 '%J’FLE”’J""%%/? 2 w’? 5}%‘*‘#5?&‘3—%{ i~ % Jaq%%/? % TF-‘%A ﬁ

*»

T IR R FE TS UASH e B BRI Ehv i 2 A kdad
Frepllgppmc Ly PIERARIFE AN FS o
FEEAREL BRY UAVE GO S BRI T2 B r Bidhz %
Pl(F 4.2-7)> 4B B X b4 T

- A% B A BEPEPER GBF L e-GNSS st Ly £

IR 26 LR (RS 2008) 8 o5 R I

WR RV ER SRR - RO A o F BRI S A e

N
W
=

o d UAV B 082 chd 215 B ~ B4R I SR o Bes = 1 pE =

RBljze it S 52 B2 & B AQUPERRAZBE- 2=

2,

RHZ I R ARFELEFE e-GNSS kSRR £ 3] % & A5
LRI R LT FALA AT R LR F R G (G %L
2018) » H# p ez i UAV #2043 ] » 345 UAV #ndp il £ & % 2
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\r

BRI RS R 2R L RHIE T UAV I SR o B2t o b JE B £
TR RaplEarg i apa s .
EHjz S 4I* E A @S a3 B AFR GRF E 0 2019) AT

#- UAV 558 B Bl % P SHR Gk IR 2 £41% 5 AW B 7

R R F BB R T T S R B A UAV R sl B
N T R L T S Ry e P S F -8 T8
B A AL \A*‘ﬁ‘f@j“?’lﬁﬂwu UAV«E&{—?ﬂnj%lF;x’bg,;’*

A S ERPMBE @B 2GR F AR Ed § A PR

ol 5 rORE B A PSRRI R L R E BRI R T (58
HE A 2019) 0 B TG A4 UAV B 25 L % 3 6 B R
SR RIR LT AL e SRR R T R R R 2 UAV I SR gk
B R Z Bk B4l 5§k (LIDAR) A 4 WL % B § 42102 (Digital
Elevation Model, DEM) » I +* fic = 88| & = % &2 &= PILIR > 5 % &g o1 Suip] =

SHAERBEBBPIEFERA > T ARF

FOIT & UAV 2o gl E 2 #7007 B kB £31% 5 IR % +

A 52019) ¢ X bR Em A UAV SRl IR 22 7 (744 b i UAV
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BSEGA RB R BB TR L S RFRRED S S BREY SR

Lo e Re ERIH T RY UAV et @ 5l i §
62 5 UAV I S48 e 20 Ay BRI wip| £ 2 47§ (M

G4 > 2019)0 Behi B HE Y RE DA LE D UAV TR £

P EE S FEUp BB AR E - saE R > Hedp B ild fl2
PG AET R EFARL R T oy A UAV Sdp o7 8] 1
2 EEGAELETTFLRRPERT  H AR BFEE A2
TE o %P UAV RSB R 7 & A7 BEZE RHAL K 21
TEHPRTLEORFTTELERBIGIRE L o
6= 540 UAV { 37835 % cnf v 3+ J 8icdhz (Puniach et al., 2018)

e

Shea

Ri

LR E P E R UAV 4R 7 1 375 M8 B 0§ s

2o Y A RPN Y UAV A 82 & 548 % DSM 7 * % { 374

‘-’E%

Rl ¢ FHETR R PRI E I EYEIRT R

FOI~ 5 109 & & ZHRELR AU S B S B E R AR
BiCE 2B (R plE 1423 122 P 5 2020) P chi R D
AP PRSPk B LRI RS AW 2 BRE A
BT e B AL TSR £ AR R E AR

bR RIS T R R AP L AR BRIEF SRRSO R

o FE P BRERLS TS LB 20k o Ao W AT F R BT Y
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pREcit 109 2 R Z AR R E ZF R ATEMFEL T

B b PR O H PR R R T E R L IR K R R

B g
S04 LR AT 2 R E 2 i (S 2018) 0 P ek et

RG22 TE S RARGIF G F AN IR LT P EEE A ET S
R R o B f e VS B-UAV I SR T E W lciE e ;%g] ) E—in:t B
FRRE R ARG 2 R EEARL T 2R PRI UAV i B T E

Be

i

Ry &g A4 Bl s B AREZDE 2 IR SRR
2 F Tk (DUAV §% ot 2 85 (25 £ F B8 (3)3 i &
Ad NREP RS 2 BT ()il TR g R R E o Bk
Edy ERPFELI S o

20427 o UAV Bl b RIS (T4 2 % b

% b 3 e £ R R F i UAV I 5437 % i
B £4 %2 [ #edEig 28 EH
- L E/Ji 1 ¥
F51° BA B ek FCE FRAT 105 W g 2 P
A 2 . % /’ f—i_ %IJ ?F ‘,/4
- ¥R B s AT 107 |, Bh b JE R E R
o A HE WS AL
N . Bljz b 24|
ERNES i R L EE R 108 ,ﬁ%u Tl d g ek
% 3 Ag R
Big 3 b P A i
. RS Y Pt
| FYF D SR s R 108 - RIE TR WE PRI
; AW E R
P E D
T FET AR T A 108 % U g g ek
FERIE
A PER D
< | RIREEZFFTAD ] | 108 | _ fj% o et eagR itk
T AR <
| ISPRS International Journal 107 By (B3 ®) | EHEFE T LATH
of Geo-Information PAERT LA | EE R Bk

T 89



pREcit 109 2 R Z AR R E ZF R ATEMFEL T

% b 1 &R PR % ix UAV & &8 1% 4
ZHRBAFCR S A B FCE ) SEal: A VA
N FE s E R e e 100 |fE &3 | W s BREESE A
(R plE 1423 22 7) R S W
W 2 [ FFERRTR DA
1 | WA w07 |/ S
1 Bk kR g R
d Fia x5 v e UAV #dp 5B x“jﬁgéﬁ/;jh—?ll?‘z/' %%E%?]
{378 £ R PAFR FEF o UAV RIS T ie A 2 & 540 o Bicie i

P! PR ERFPE LR AFOTR S FIe TR R ET LS
Huw 7 bl M T o

o
R
W
=

|

gl

I A A1+ 20 UAV #p A~ AE ALY Q'JC#%\ N AT

FFA(E A428) FOIF RMHRAL 429G R B ) T ik

a*-*

* UAV SUp|gf 2 PRT - JRRLE TR AR MR 5 o < WA FHITE
e A UAV 6125 ~ 3 X3 0 8% Beka E % 2 3] UAV - %0
THEH 0w R UAVH FRIEsup v 2 S5 H R & % 57 E
Bk r oA UAV H30 o 0 S o R e 87 X o 283 6|7 2
HE* 53 RTK #it2 UAV: R Hipik2 iy 3 Lok
B WAL T AR L R R 0 AP g ok

it ¥ O UAV S eip 545 1 > 5 1600 § & & o sl e

T 90



S

193

AN

<
A

NN
LS

PocEt 100 &R 2 @RLARE LB A TRE B FR

FERED I B ¥

Fe &3 ApAs IR 3 6 24T R MO 5 24 5 i

thF T2 80% pleEdpd i iE 60% -

UAV S ) Bt % R
» = | . 5 5 | %
. ER B
b 273 %F % i i | ¢ ?’} ﬁ,
CIEE i ‘
(R /255 3| m ; g g ol
(%) (cm/pixel) | (%) | (%)
= - - | 160 3 85 | 70 | 18 | 13
- 5w F A
= | (oiwphantomapro) | 20| P 4 80 | 60 | 3 | 11
- ¥ 10 4
- (DJ1/Phantom 4 Pro) 2000 | 100 2.74 80 | 80 c o
* | (ALRIDER/YJ-1000-HC) | °°% | 3% 3-6 80 | 80 89
PR ER 140 2.27
. | orconraLcong [ 7o e | ¥ || B | 7
) !
(senseFly/eBee RTK) 1600 | 170 4.21 80 | 65 13
asE 3600 | 143 | 250 13
(TOPCON/FALCON 8) _
= | (AI-RIDER/AI-1100-QC) | 5000 | 197 5 g0 | 70 o
z ¥ 7
(senseFly/EBee Plus) | 2000 | 122 | 280 94
- % ¥4 (DIIS1000) | 1600 %%12 2 80 | 60 | 15 | 18
PRE 45 | 5
» - 3 2080 | 322 3.6 80 | 60
(Matrice M210 V2+zenmuse X7) 45 5
Cesnse o



M FeR 109 # B

1 BRI

3 4.2-9 - UAV 2 i 24 1 J R 1F

2R AT RATE B (T4

FH2 M ARFR

AR
* Y Ezan 1) 13 1 B # R
- e Wl
4 (cm) 4 (cm)
Fopv Az Boag
(24~ B~
SR NRE S
- | P EH T E);ﬁ;ﬁff%\i l 1.40/ - 3.80/- -
P I A
TG A E
FRER R NUER
R R K
= | BEEHE | E 0 H)E D R - 4.23/ - -
'%’» B e T B R
‘% AT
FoRIIEAIEZ Y| 160/2.70 2.37/2.90
BE kR P Bt R0 T | (v 10 BaAIm) | (7 10 BEAIE)
ORI BEE R % 90 ix
) Rl = PeB L 6 (@1;252;; ;fi) (f§2;8591[*/ ;Zji)
- ¥ E AaR A=
T prEyw | 2R

% 76 1521

ELOFE IR TA iR LR

2t

ERAPES

Ny

£ A 70.59-79.41% FF

%érﬂﬁﬂwaiﬁ 2.07/-
#iE L B2 W AR 2 4 (R %-)
2 TIBE AR RS B ' 5.37/ B
o H LT 6 L e
2 (BlFEFZ)
EIRR B A X €1 2.60/ - 3.20/ -
soRE S 9 A S B | (R RE A UAY) | (i % 28 ) UAY)
I | EBr LW ;l%,(é&)i*i)ﬁt’ﬁ éﬂrﬂ‘ 5 73152 2

-i:ﬂ T G

A I

i E

9.00/ -

(€ * TF 3| UAV)

T

92




pREcit 109 2 R Z AR R E ZF R ATEMFEL T

AR
% 3% 2
% A7 |2 > » »
" ?P;i sEf s i gk 5 Bk 23 R
31 5 da/E L 5 da/E X
£ Sl R el S T
F4 (cm) #F4 (cm)
2R P B 15.1/33.9
—-\!:-(SE s]:ﬂl R E K (UVAV ddp = 38— )
N A PR JE FEHEESFE E K 9.70/25.9 © 75 i
a f‘,é—/:_ ?F f—:{_’i—)l”i’_ﬂ‘ -é‘/ E‘, l/g\ ) (VAV #udp = 58 2) * '
TR EE DT G R 660/178
E (UAV sdp = 8 2)
‘ N 7.00/18.10
LRGRCLAG LR B (H37 - )
- PN " e,
N a’iﬂﬁs ﬁ’év/ii?’r ) 6.40/11 33 l,f.Tz
)& s iR R (Rl % 2 ) 90 iF
ST G LR 6.10/11.30
(Pl#EEZ)
=
% 7365 7 pl & FRBcE 2 P ”J‘ ) F%TH”E‘!&»_L Aarghz =% EAL A FAZET G
-~ HRERE - o s ﬁwwii— o

M-SR = A AR L ;w,,\ °
SNTECRE 8 5 & S SO S 8 AN
TAiE R R RHEEEREE A AT LRt
CFE 12 24403 \Ms (Sx WE e L H
CEE 4 A1 2ANS

B I8 A 42 2 aS

TSiE G EREHBEERE Y BRI A AR B 2RFL FRERHZ N -

760 2 e PlEERBEZRE Y B FEREFRERZ AL 0 2 FARET AW

CEE A A 41 AANS $002 24 M(S BE e S H M GE AR B T2 A)
CEE 18 2442 24NS 400224 M

g 13 2 A 44 2ANS 4002 24 M

oy

g
~ ?F‘;

BESFREE L LD FAET AU
)

!

fie 1

L

L
o

!

fie 1

% 90 % %.géfr% J& ik & Bk K LR ’)Il—liﬁf]frsi'sfi;lc’;jsz.sﬁiipt BIR o BB (T X IUEE
Biwhz - HERFLIF FREFH-FF -

LPPFEPF BRI EE RE ZATOD B ERTR MERT - R

A BRI R A, A FILELRRE B AERT ST

B E LR 1" UAS $fes s Jiiplig (P ¥4 8 £ % UAV I 58 (e 733
BIER > 2 - WIS BRI 2B RS20 R GATRZRER

T 93



pREcit 109 2 R Z AR R E ZF R ATEMFEL T

h g A 8L (LIDAR) % # o ki (Ground-based LIiDAR)» # & * »t i 24

BAERIE > FIEREVUERERE G = Ao ¥ b d UAV Sudp B ik
B UAV B ER2 = R B T RBEARS L BER AL - BN EK

Ped )L BGRIY BB SRR (E R DB REE ] Bl 7 (D SRIE T X

AFHFIIT S QPRI GT A FREFAE  RF T QREAR A S

Flad 2 el Bl 4ol T ) R4 17 BIFR AT & B > SURIRE i RS 2 HE T &
Poohow TR R R o B F(D)RRIE IS L HRE TS

R HEHE RS EHRZRT; Qo B Gt PRV RI PRI = 2
A A R 2 o ERAE AN AR B I 2 W
FRER O FEEREAISES ER QL E R LERNTRE
B it § - TDFIEE o IR s F P IT U EARATR Y jp s R
PSR 2 % F AR F MAEOE R dofjutgan [~ B2 Had % (distortion) & B
HoVa 2RAPFFLEZFERAF > ¥ 24 FF sy Tz Y
BT PR BRIERIZECE Y ) 1 FRAFE

R R EFERA Y 185 ER T BBE RS S AR DS
(S 3ERIE ciniE g RPFER UAV B * 2 i ev i B PIPF > 7 % 304795 )
ToRF BERERARR LRI AFHBIE  LEEDL S EBE T

Evrd B AgRIE AR FE c UAV AR A Al F 0« 7 T 453

T 94



pREcit 109 2 R Z AR R E ZF R ATEMFEL T
e F A ATEELNITE S (QF R A RER > HIWHAELE RIS S
R - A EApHHRNL KF - Q)L AP SR X
BRI ESFTE BRI LT EFES o g OB AR 2L RGP R

A ﬁ * % E‘Jiéi/f@"} ’ jaﬁ"]‘lﬁ N ,ﬁfi AR ORTREIRZ BB Aoi¥

=)
\ -
v
=
E“‘
«rk-

EH o~ UAV et S p| £ (5% o

R . e

e
hac)
s
e
L
4
.
hd
Shea
hac)
|k
pt

RPN R R SEFERFERR TR a2 2 T

BN
i

~
*ED
—

TR 2 EARAPENRY TRALFPHFTREPAT BT R

RIZF AR, P 2R EPRIEAPM TR ERAPRT BRETE 5 H 7

AP EEE R B ARAPEE BRI ERE AT L&A

Wi
ta
er
B
R
Q»
\_.
fah
&

SUE B Y s SURIHIBEE K AT R TE R

e

2

2L 2 P ERAR o

— = g,2>1
N L #&,\?

D xp: & TELEABFERD ¥ 6 FERT v RAhY

WA AL > TANIER (S 0 B S BRS 2P B

S
=
o
v )
E
>~
w’é“
m‘;t
,5**
[
&~
1] ~
g
S
F

(R IL R P B

T 95



2.

T

pREcit 109 2 R Z AR R E ZF R ATEMFEL T

A RBRFIRFAERE Ti7 LEHE A 2 K
L RTK# i 2 4 R P8 7o 0% o
B. 2 ERHELIH A 2 HER 1600 A 0L 2

ik

AR

1)

(2)

©)

(4)

R e bR B AR G AT RE(E)5 24
'l‘,( P\ o

FHREdT: e d D i 80 % RinEtfpd bt 60

I

A e TEAERR R ERR ) U0 AR S e AT

=

o REALE GRAE R A RS R 0§ s

ol
|l

g 1L

EN

F1] o

ip i R

A TEERIE R ERR] ) F 112 R R R F o
o ARG I I L T @2 FEELRP

B. % #wz2 | % 09-14 s v b A 5 EoHusd 4 @30

PRI p R BE R (REAAM Y e Ak Y G

96


https://law.moj.gov.tw/LawClass/LawSingle.aspx?pcode=D0060053&flno=112

pREcit 109 2 R Z AR R E ZF R ATEMFEL T

-

s

—\

N
W
P
o
‘
(o
g
25
:
,
N

3. prAzALl: taulp (PR RGP B TR AL R A a8 Y 3

T2 F R e V5 BB ERN T O RF > L HAL T

L Yoz Bl R =TI RIEE % 55 FRT RLE G
poondy ey Rl BHER R A e ¢ 4 F M (P FdN) Y redp o

Tod PEINE R RFINGAEPIE oY Y R E TR T R

Il

2 SR AFRIE IRARR] ) % 3 IEL R o ¥ FIFERR T 2

2. @4 Fh T abiE A TR JE 19 B R IR (TR M ()

L Cl RS B SR E F A t&—‘g BdFF NS h F 2 % E TR -

(2 Fifra A BRUBF LT EFIRTALIES 6 & ka e F R o

R
;}:\\
4
M
I~
ta
\4
ﬁ
p

rE | w 99-14 iEHL T e e R EUh ;%—;ﬁ:";: o

T 97



pREcit 109 2 R Z AR R E ZF R ATEMFEL T

L
fan

HF o~ PLELE >~ S b

-

(3) Fibiri A B BAuES F Fn F
TH~ R ﬁfi-ﬂfﬁ;‘;? _ﬁﬁf’a@(ﬁ)?ﬁa?‘:ﬁ“m ¥ 2 - TPEH
ik TR S ETLAR ) % 3L ERTH RN 3 Faha

PR ER P NEEIEWMERL A EED SR e

(4) E¥AHRELRHEEBRF I EAFRIUER O iR TEA
il G 0% R ERTIRWEET R )R AR Y &
LE WM E LY E e SR Y T o ENE BT S (80

PURPIERTF R T E R TR BRI EFERA, 2 prin - F o2 - KiE
uply G RRRTE R, FPELRA X R F TR 25 B

Rz FI b2 BE s 2T~ SRR F 2 BB E

&0

1 # R FupE A7 T3 R R F a5 107 iF 9772 Bhix o

2. FRlERBAE X (@B P A - (D)7 FRF - OF 5 EH T

-~

¥

1*‘

R ~d)AzZEapEd s 2 v RE-NDETA

‘i-

4«5:

Bur P WARENEREA R A HEREE S o FaupliE ey

FUART N BURIHEF R FIEE2 B o [FON AT BB R 8L X

T 98



pREcit 109 2 R Z AR R E ZF R ATEMFEL T

3. gz AF RGP ZAPIEZZTREZ O RFLESTTZAERE
T E2 & o

4. ARz ¢ A f SR SUdp R B R4 R R RIBIM R B P

TR ZY ZARIEE ZHRRERRY FAFRLS RR Y
SRR EY R RA 2B I 4B E (pixel) 2 B oo

5. FURIRRE R A1 > F RApRIFIRIE F 22 LT BB ip
RFE O Blderp P~ BREL S BE L BRI AIERE - BEEGRP 3 RR
PRGBS RIRE T EARZEBERTET

gt Touplye o i ehBk= B B 4 o

£ ABSED LD FERP G T - F 52— BcEsUp 25 B
RirERz ) 2 TSR AP FERR, SRR -

D) B sz HPPEITT AP RIIFLZ EREP T -

Q iy HPWHR TP I e g /P F (Ll s BHGE

1) CCD & im =B # & ~ 15 54 % % (4p 15 % ¢ 2 (Sensitivity) ~ %

T 99



fq

DRt 109 £ Bz AR ARE T BN AT HNE B (TR
Bl¥c I+ ~ A (Sensor Linearity) ~ 231 ~ 44 Faik - (Defect Pixel
Recognition)) ~ 22 | #& #% & #ic(Modulation Transfer Function> MTF) ~
GFEEF BEEY REKR AP o

@ RiFpzirs Frafg RELEZTEZBRIFES -

@) = NiEirm A E AR, 5 2D R B REPE T

T Ep E AR

Sadp EARS A ERRGFE AR RS IR L o T

3p P ‘*5{?}’%‘}‘5‘&@ SR s B \%éf—?EI%F’&iffijg»*{ﬁ;Pwmo

76 iEAHR o
MR BB L SR 75 PR BRI R R

FHFFFERZ LA REBRER N RE -

B £ 4 BERE R R BB E R 2T A AN L LD

T 100



pREcit 109 2 R Z AR R E ZF R ATEMFEL T

C. ZHbli ¥ AENA S &4~ b P kit

i
SN

Bz zadiE, p et A kB L AN E 2L -

D. FL 8Pt PREHEEFRE I 2 33 H bl
R il o R AR R DA S SR R D A
Pl A 42 2t g R e

2. mABEFNE sy A BT ST E R4 B 4.2-18 -
A

- |
[ #memstd | > sumnes |
__________________ | > ReAAEH AR |
| > AdastE B T RmEmes | L REHLER
| EEBARENEE | i
[ BHEANEHET | —m——
e AETTTIEC T Sttt
\L | > Az |
o T T T T T T - R L
> HBRBERA | T
Al BAF ¥
> S [ T ] > pRAR |
I ErEs T 1.1 |
( A AF ¥ ) ! Ed = AAE 1
l ! © EEREBEEAHMKABIDM |
=T SRR B S48 w
[ paasazE | sonn l
: Pix4Dmapper J‘
|
| |

Agisoft Metashape (PhotoScan)

Bl 4.2-18 ~ UAV 4cdp & 1l 3 5485 v £ in a2

) GIREE 101



pREcit 109 2 R Z AR R E ZF R ATEMFEL T

b

UAV sdp 2 Bl S50 ford g B4 e GRS 1T 0% — ) SR ETFp 3
AN R LA R R BSuER  2 FHAESE - B Y R
B SURGI T 0T 3 UAV S 8~ & 2 B0 s B ITRD - F
Vil BERRE S HAPFFE -y o petdd g 2k - 5
B F G jE17 R (GSD)E o B - i MAUEE Y o R 2 R R yET e
PR ER PRIV GRAY ERRP NG P EPALE R

PR A E TR 5 LAY G A Y g UAV s e i

FHEBEEFFT S F UAV I HFE - 5= 5 2 HBEFRER

RAFEB(SER FHRGF A @ > 2017) - ¥ b sdpw ik UAV

UEPRARACHRE D BFAL UAV R it R -

T fh8 < 5 :E* PixdDmapper & Agisoft % 75 % #088 » AJZ I P &R AR
Bafeyi a7 27 =2 408~ T2 A4 DSM ~ & SR AR 42

BRSO SRR 0 VR G R S R Bup o SRR 324

T 102



NFeIR 109 # B Z AR AR E Z RN AR B (g
et b2 T ABE o R URAURI S R B A BRI E O ARAE T RE

SR 2R
43 WERHSRIBHITES 17 - FEBE ARG LFERT 2003 7%

431F RWEMAR A URAFLEIE 206 F 24 CRESEY S
B 2 ERL KT TS LUBS KRBT ERE DR
FRB2EFMAEEL 0 2 TP ENFER TR E 1 R @
AR E 00T 220> P e F(RPW)3I 2 RITRLP
P T
AIE 1 IEA(109)E B MG A B AIT L 3 0 R kR H 2 Bk

R S BB RE B MRS I FESEEY 2 AH O B EE

| 4
Jodou

AL RS TR -

TEFERGET A 50 BMARGFT F-MALZ LRI FH R
ZOREESE RAIF 'Y < 7 5% % (European Space Agency, ESA)# 22 C
BB F Ewh Sentinel-1 #1dp 2. §2 ik i& 7 4 47 - Sentinel-1 &% 5 &

7% %R o R 24 (Copernicus Programme)infgh x5542_ - o

x\"\

‘_.
~H
*‘EH

BET SR REBIFELE > ES IR BERIRER O REXHRBERFE A
AER B AR e e & g o Sentinel-1 Z3%3 A2 f

SFRGEE 0 ABASEEEAHESE REEF 6 PE Y BE

O 103



Pt 100 £ R = ARG LN A RS EL (TR
FCHAETERPIBER R GBI Ky Bt R E 5 E 400 2 2 cntg 5
g @6 1T R & F ORI & -Sentinel-1A Y 2014 # 4 7 g Bf = 34
2014 & 10 * B 44k B0d F & 80 % 20§ 1§ Sentinel-1B 7= >t 2016 & 4 7

WP o d 3 IB BRI P RR AL E LA Z o Flt 4 B R T ES

4

R2_ ot #odk E > & Ao, 5 p i 2 Sentinel-1A #2 g 7 -

AEL DL RSN T REMARY TLAA T HRRAL B

#3 2018 &= >4 %% 61 k2 Sentinel-1 iy > 2= #Hh A2 >4 %
PSINSAR #p %t RELRI = % > LB 43-1  Fl° ez FLE > o
(Line of sight, LOS)z. T 5% B f B EF L7 N & ApHTIT;
DB Ao RAKEAAPEHIE > ZAALOS G e RER S K B
ZRPRT L P R FP LOS & k@i A gpdiok T s A
EoFBPSHFEYRET GLIBEPIEZ 2 FTH > ol it/ dT T i »

PN EPFRU2ZEFERFE?] o %7 A p 2016 # 1 2018 # = ##HF >

Hax EF ]5 f"ﬁti ‘L%ﬂ_/\%ﬁ;%if;a}djiliillf;%%ﬂ}’li;
$UEFT AN T RANATEANS RN L FERBERT EF 4 B (h

FUE > ARG AEERL IS AR REEY AL L5 o n i LA 0

) GORSN 104



PFEdR 109 £ R = ARI R E Z R A EEEEL TR

121.00°E

=50 0 50
LOS Velocity (mm/yr)

Bl 431~ 24855 PEEES &

PRI T R 2 RA)80%

A

X &
FoRERERZNTERTIR X BT EFEERIEFET AR
= 2% (DLR)H #2 A2 & f#47 & X 85 &k TerraSAR-X “4p #2 ¥

i B 7 TerraSAR-X & 71tk & 5 3 ¥ # 4 » TerraSAR-X »+ 2007 -+ 4 44 -

‘Cﬁ 105



P FeR 109 # B =

= 5.k TanDEM-X #2010 & 2 &> @ %

Z3FEh W

& > TerraSAR-X # % it 49

AR T LR (Airbus) ff

= 3 fiFh PAZ A

MR ARE AR AT HATE R L TR

2018 & 2 7 >

SN B

F * FFrRen Staring Spotlight 575 38 7 4p 48 > »

VAR T A B L 25 24 REHA IR R T A 2L E R

TP 2 BB

g_‘ky‘

WOfEFTR S 3D

*—:_?O]ﬁm%z\g‘@’:Jx

= s g 43 Staring

TerraSAR-X #mip 4t L & 4.3-1-

i 4 % StripMap 4p RS 0 3%

Spotlight & & % 50 = 2 g 3 >

# 4.3-1 ~ TerraSAR-X 3 #& 15" 71|

p i3 gt (0 x &) 245 B
Staring Spotlight 4 x 3.7 km? 0.25 2 =
High Resolution Spotlight 10 x 5 km? P
Spotlight 10 x 10 km? 2 ¢
StripMap 30 x 50 km? 3o
ScanSAR 100 x 150 km? 185 2 &
Wide ScanSAR 270 x 200 km? 40 = =

BHARE S AR 5

Ve 32

x\“ﬂ'

B MY

KBRS

i} u‘.ﬁ._;:

W o "EHL D BB

2 fh2 s

& % it 300 22/

ERRCIE SUc R £ L

e fro Ak bk * TerraSAR-X # fjck 24 3% >

% 2014 8" 3

T 2016 & 3 7 > B idp Pt

52015257 200 « 2%6( % 2 FHES 328 205 f37R 0 R

Sentinel-1 2 k2. 20 =

ﬁ*%‘r}i j\‘-’f’rﬁ ' Re

AW 0 PEH A TR 2 BB

oesnen

{7 7% &

RN S L XNE S

106



eIt 109 £ B Z AR R E TR AR B FE
XAESPHH TIPS 2 %3753 % LW 432 AW &Er )

BAl 9 ¢ M BHBLER > I FAEANFERE S v 2 ERLH

A d % 5 T o Aovt i TerraSAR-X 2 Sentinel-1 gLip) = & ez B > At

poan— ] &2 > 5 PSINSAR 4 i i#ye= & ¢ 3B - H 38 KB 700 o

C

L 4330 A FELRRIS R TERA RN P mEE G Ao A

B - )

PR SRR % LE 4348 43550 BT A A X g S
Heag g R 2 F 34740 4 > TerraSAR-X kB v 1L i B~ AR R

BHEAETL S

LOS Velocity (mm/yr)

Bl 432 451 2 HH & T R L RS &

\

Cesden 107



pREcit 109 2 R Z AR R E ZF R ATEMFEL T

LOS Velocity (mm/yr)

Bl 4.3-3~ 2 5 R E RIESAEY & 1 24k

TerraSAR-X # T 1a:¢ B = % Sentinel-1 # T }2:¢ B = %

Bl 434551 2 He A TR RIS S — 2 HAE RS

T 108



pREcit 109 2 R Z AR R E ZF R ATEMFEL T

e
120.50°E

TerraSAR-X # ¥ 12i¢ & = % Sentinel-1 # T 53 & & %

B 435 2 5 RAE RS Kk

RASCHAE T E LA P BH AR S P T ERY Fe

W

R g AR o X R R E o R R TSR A S g
ks T ibl & T3 RAFUPFTAFILE 43604 £ %7

e ot & B g i g et e ,f_Lrt BB % o BELPlZ - & XHFRELS

STHAE 4 50mm v A 2 kB Ask e A4 )@ 30~40mm 7 ¥ g
E 7 B TSIy

0
LOS Velocity (mm / year)

B 436 ZHLERFEEL TS5

ocanse 109



pREcit 109 2 R Z AR R E ZF R ATEMFEL T

L iy dEfifs & 835894

AERT LR T ER LR AR BT P RS SRR

ulfl
(4
(&

2 P F R GEE ALOS-2 1 #E2 o ALOS-2 iFk » & 5 iefF 4 4
P %% (Advanced Land Observing Satellite) » 2 p »~# shpplFri >3 ¢ >
R HRES R EFREPOFE  HA R 1L WRCRBEETR T
ERIZPARTRALS - F - % ALOS frh 2 2007 & = 718 {7 > 2011 # %

ompPpwiEEY 9 ALOS-2 S E 2 % =

@;&,

EHRFREEE 0 ¥ 2014 &
A Zofed LB R PALSAR-2:c 2 i ALOS #5442 PALSAR >
EHBF LR g R4 R T T R F A andp eyt B T ER
Pz RPN S LA 432 WERLRYL 14 X oL pEFEZG
2830 ppRERLZ CoX AR P LAERLEF 7R ERTR OF

45 LB 437 FIPF A R SR E B R IR o

% 4.3-2 ALOS-2 3 B H7 7 £

s ity <l (B X &) f247 R
Spotlight 25 x 25 km? 12¢x
Ultra-Fine StripMap 55 x 70 km? 3o
High-Sensitive StripMap 55 x 70 km? 43 2=
Fine StripMap 70 x 70 km? 5.3 & ¢
ScanSAR 350.5 x 355 km? 777 2%
ScanSAR Wide 489.5 x 355 km? 112 = =

oesner 110



pREcit 109 2 R Z AR R E ZF R ATEMFEL T

QN

N\

X-Band C-Band [.-Band
No Penetrate Almost Penetrate Penetrate

B 43-7T~- 2 AT ERAZTHENA T 1 B

A EE RS S CES B 17 2016 & 11 1 5 p g 2018 & 2

P10 p A RFERREN 2 BHHEP 2018 £ 27 6 p 2 viEr BREE
e A% A% AR 438 8 AR ANFEERE S v R AT RL
Aspd AT ood A%V L2018 £ IR B2 A A0 R UK B YT

&

Ak KRde A 5 A 253 E 150mm e

RN

ocanse 111



Ppedt 109 # B = MR A T AN AT RSB (TR

Bl 4.3-8~ Lt f ALOS-2 7o3E4 ELipl & &

SAR Fiifz & A F HH AT H A A b B 0 @ FUELAR MR I
HE AP e PSBe 2838 mER > A pl X P
TERE CFRFARIZFARDP R - 2 FARLZ S T #EFFLE =8
FEFE AR ARDES I TEOERL > - o TR AR B
B B Ap B B endp B AR > AP EF] A M 2 T A &
2 REFAEAE o A L AEEIHRY A ERP G PR LATE -

PR T AR W E R LR L S F Sk HRA

Sentinel-1 & # e % & F % » LB 4.3-9 » Sentinel-1 &2 2% f2 47 & & i< >

R 6 % E g f o A AE R e ML PR AT

Ceanen 112



Ppedt 109 # B = MR A T AN AT RSB (TR

FIL LR S % i ALOS-2 2 % 5§ S BT F o

2768 R 6.0k mEEE

SIEEL

IS P [E IR

A S A Y LR R £V SUER S

RFE2ZPE LM ABELTER

Cesden 13



pFen 100 ER AR ARE WA AR B (73
432 #GHRIEHAITE 285  FRPMAERT T oRFFEEMNE L
FPE R AP IR H S PR
A7 i3 & p 5 % % Google Earth Engine(GEE) Z =3 & * T L7
Bt R bErEe 2(109)# R E S P HEE Y GEE &7 A2 dpik4 17
b BATR R OESR T RIRZ BT AT S RFFEE R E S SR
BE e AEREWSEFAZARER Y FAHES RIREFEAR T A 1TL
B 5 S GEE % Xk B iue (73 # 3B A2 7 7 o A RG]
W GEE 2 Y T o BB R o
*IEAITe 74 B/ FEYELS (D) * Google Earth Engine(GEE)
HMEY T LOEFHE P CER R Y 43 a8 E 2 4 3 E AU R fES
ikt %2 GEEZ R T S8R EARTER BB T LS
Y e P B A2 - o PP AR AELEL AP Y w2 Y
BE AR EMNAVEF RO L Q)R GEEZ s T
SE L A23 FF E2 A 1 ESuEp B SRR TR S A o
(D) GEE 2 AR EL pHrtis FRE R BRI R 245 -
kB HGE R R MR IR TR R R R o T i
LA R FS e Hmg o bl 4o d 2R 1 8 4L 4y i (Normalized
Difference Vegetation Index, NDVI) (% = 7 ,2015~ & 3 =5, 2018) - B 4p

#(Greenness Index, Gl) % % & 45 #(Brightness Index, Bl)(i# 3, 2006) % - <

oesner 114



PR 109 E Rz AR R S A HE B it
BN PFEE G FE PRI EERGRE ST s HiER T

WRDTH LR AP EHE A L TERITARIL TR E T RS TR

BB B AT B S REL MR > R RS
WA ERT 0GR RS E EAEE S s (e ® 2017) 27 E
BIIFES T EHIS B BRSO RS M T L RF A T A
FEETH PSP UG R EMLE

STBERp U RE 0 A1 TR L GEE 2R T ST
PEo B G hZ B T Lo 4ok %5 BIgGIS & § A AHE T

Tk B SR B Bl oGEE £.Google & 2 B RBE G LR

A0 AR RER -~ 23 R 2HERATRE) 0 F IR

EEFF PR JRFEERGE IRTNSH I PRFTEHEL A ITHET

IR R AKRE R ARG 0 BT T L IE o Fpt R

FOP S I ER P 4T C(D)FHREE ALY FESBIR R TR

Tt T L enk pRE B xS B 0o 1 TR & (Dataset) e SN R AT L
il

=4 ,(2)—?"\1(‘ j s }"@.?r ) 1 Erp) B g\g\d‘_)i;.gﬁ sﬁs E 5 qL ’y];"—akﬁ;i&z,%f%fi S

T 115



MFeRR 109 # B Z AR % E TR A HRAFEL T
Gd wisd PIV # 228 G RIEEEFESER > XY TR TE 0 &
ZHREF T LORERAERGA Y 0 NEFERE FL TR ORI o
pane &3 i GEE i B* T 5% % > bl4e Global Forest
Change (Hansen et al., 2013) ~ Global Surface Water Change (Pekel et al., 2016)
2 Map of Life (Jetz et al., 2012) % & ¢ * & prip sgiplfirk B FALie 7 »
HRREPRMLIIRREE A ¥ - AR = ;5% 4 Climate Engine (Huntington
etal,2017) # i@ * ¥ I B J T AR FEBAWFRETFFTHE P I
Rl £ F R B R LS MEARE B R o T 2 GEE 5 T 5
L &t (% 43-3) -

% 433-7F GEEB* T 2% %1 i

GEE&* * = & % B 3R AL et 25
Global Forest Change BT e Bom PR AT % B
Global Surface Water Change DI Aok BT R ATk B
Map of Life AL LT BEF RET AT EEERE
Climate Engine F 1F %8 3 F N EITA 2 D AT B2 R A

A3§ 1 7§ ®.2. T 5 5 Google Earth Engine(GEE) » ¥4 I L g T 5
R R S TR AL (o 43-10)0 B R 9 5 400 2 ¢ £ 2

500 2 ¢ %0 BlE T ¢ R E - M o

oesner 116




pREcit 109 2 R Z AR R E ZF R ATEMFEL T

CEELE S FTEE-S SENCOEEIE S8 TS L, (C) ¥ 38 3 4Pl R e

Bl 4310~ M B R

AFFCREREY AFT ST ER REOTHR L LL2I K
B A NS EH (B 4311) ~ #3351 sudp B (B 4.3-12)
Landsat-8 4% # # & 5+8% k(8 4.3-13) ~ Landsat-7 # % ¥ % & 58 (8
4.3-14) ~ Sentinel-2 4 ¥ % F 543 H(W 4.3-15) > # &k B G308 ¢

ZEEGE WL ZT R FELEL T @ Sentinel-2 fFh d 3T 4ePRIRcNpE

el > 755 B3 72016 & 7 7 4 § A s o orF AT 2

|
GH- T 5o v BRI S R(CHR)ER S FMER RSN LR
?r;é;;o

otanse 117



P i 100 £ R 2 RIIRE L EAFRAFHREEEL TR

Bl 4311« k5 80 1879 B 5

g] 43'12 > Eﬂi%ﬁ(:’t)%é({")‘ﬁﬁﬁl%/;fg\

otanse ”



PECR 109 £ R Z MR R E B A EAEE B vk

2015080 2015110 2016041 2016061
2016072 2016082 2017062 2017082

B 4.3-13 - B 1 Landsat8 @k PR RN 17 2 2 F2 0%k

2015081 2015091 . 2015101 2015111

2015120 2016040 2016062 2016072

2016120 2017010 2017063 2017081

B 4.3-14~ B -7 Landsat 7 Fh PR FERIPM 17 2 £ %

otanse 119



PFedR 109 £ R = MR RE Z B A EEEE L TR

2016072 2016102 2016021 2017072

2017072 2017080 2017081 2017082

Bl 4.3-15~ & Sentinel 2 f#h PR GFFIN K7 2 & Fhik
Bk B T LB - R 7R iR & & (Pixel-level)NDVI #c e & iR 0 1
* NDVI R AR ZIFT A D M4 ph > T 4 L8 F T P
it o d % NDVI Bci € 27| f 2 B &R0 e (70  ph ¢ 485 83

BLY7 3% ghip 7 ¥ NDVI pF 5 % i (8] 4.3-16) -

HEEHR ©2020 Google 50 AR b—0

otanse 120



Rt 109 # Bz AR RE L BN AT RS E 1 v

PER PR 5 2015 2 50 3 2017 & 9 ¢ o R * ZffEh konfEk
P A& - f5 Terra i,k <1 MODIS R Bl ® Enhnced Vegetation
Indice(EVI)%2 NDVI & & > #d % 2 el <~ fE47R 16 X » 5 {2
7 B 250m 2. & % = f8 % Sentinel-2 s MSI BRI BB > d 30 & & &
BE f(Level-2A) )t PFRF BR300 B > PR Z R AR S 10m
Level-1C ® . : % = 48 5 Landsat-7 2 Landsat-8 # % & &+ & if > =/ 2
1A G 16 %> 2 B j#iT & 5 30me & 47 & % 4@l 4.3-17 #7157 > % 7 MODIS
EVI 2 NDVI PR B F LG P22 g D s - B4 pEF > 24

7 NDVI pF R B 781 2 2016 # & = + 7 #3h gip @ #3568 > NDVI &

e

(@) Sentinel-2 1-C # if (b)Landsat-7 #° 1§

AN |
AR
(c)Landsat-8 # i (d)MODIS EVI £ 1§ 2 &

T 121



PFedR 109 £ R = MR RE Z B A EEEE L TR

(€)MODIS NDVI ¥ 4 &

Bl 4.3-17 - NDVI B ¥ B 5|0t (o M 3B g > %1 830 3)

AEFERROERRE T AT O FARATRF L L 2015 # 5 7 1

2020 # 9 * (Rl 4.3-18) - Landsat 2 Sentinel-2 i B 48 4 1p 5B 1 3 3% {2
e iR ERIEE o N A MR AR TR e gt
** MODIS 2 &z FFf247 & 5 250m > £ 37 B34 R 2 "] > sl 5
] 3t 250m x 250m =% & ¢ H = 2% 7 4 Landsat 2 Sentinel-2 # i > F] gt
=224 * Landsat 2 Sentinel-2 i& (7 & HfEAfh 7T FRIA 47 -

S$2 NDVI Comparison

MODIS NDVI Comparison
=o= |andslide == no landslide

1.0 == |andslide === no landslide
10,000
9,000

05
8,000

0.0

7,000

ENas < Sl sdhy EOIE RURNEAID: i SCS0N o J 2016 J 2017 J 2018 J 2019 J 2020 J

LS7 NDVI Comparison

== landslide  =e= no landslide MODIS EVI Comparison
1.0 == |andslide == no landslide
8,000
0.5
6.000
0.0
J 2016 J 2017 J 2018 J 2019 J 2020 J 4,000

J 2016 J 2017 J 2018 J 2019 J 2020 J

LS8 NDVI Comparison
== |andslide o= no landslide
1.0
05 ’W
0.0 v
-05

J 2016 J 2017 J 2018 J 2019 J 2020 J

B 4.3-18~ % wiFk B L P L RHE2 S HE(NDVI ~ EVI) % 1

otanse 122



Rrees 100 &R = AR A RE BTG AT HEEE L TS
(2)74 GEE $ %3 ik ¥ fut 75 3 55 A 0

3 4.2.3 B chiug R 3 A E RS T 1135 4 Google Colab

sk

BB RIET o & GEE # it g R T EE S % BEond GEE

sk
é«‘f

T T S fF o E AR E FRY Colab 2 E T e v T

~ AR A B] 4.3-19 HTon o

& B — D -, HER=
P8 GEE API # % 537 % 1% A BigEarthNet #i %) i 47 3t 1tk 9y R A Shapefile #
Colab T4 g P %
RAEHER AR o R HES AHXBTHNLER

GEE T4 xpwaewpe

Bl 4.3-19~ & GEE Z s * T & & bug Rl R 3 1 7R v 1R
HHEPRRE ZATO T AT o RIEF RS 435 %8 R
AEE R R B m 2bant B0 o Sentinel-2 FAE BB RER 2 AR
108 & > j&_GEE P~{¥ eng: i tif 82 e 54 % 5 & Google Drive Z #4275 %
¥ > 4 4 3885 tg @ ij (& tF 1L.2km x 1.2km, 4] 4.3-20) » £3+% & 1.3GB
chz B> T §UpF R 5 20 A~ 48 B~ 17 tif 2 1jcts & Colab + 44 {7 BigEarthNet
spka ] o Colab A 7 et EF R E R SR T FHEF R
K20 A AE o H|EA 4o 4321 % 5 E 1.2km x 1.2km # 3] - B

R REw e

T 123



1220.png

e : _ ,
1226.png 1227.png 1228.png 1229.png 1230.png 1231.png 1232.png

B 43-20 - 12 RGB B 7 384 T 2 & Fiif

5 17 @:‘:ﬁ_‘ﬁ’gﬁ FToAFET T B

Bl 4.3-21 ~ 2 BigEarthNet ## = = > % 2f B & % 2 H 5% 22 1

otanse 124



PFEdR 109 £ R = ARI R E Z R A EEEEL TR

P AR T o EFL A FERE FIRELT AR A ERIBERE
AR BT R FER(R 43-22) B 653710 &34 % & 21GB
SR TRBERGL 30 A4 SHAPEAFRTFN B Ak M d
R AR R R FAENARE S 0 30 S REBRAK SR B % E

W T OLE RO Gl R F AR Bk T

Ol % (R w2 R e P

B 4.3-22 - 2 BigEarthNet 3z 4 £ 8830 4 25

433 BFFMHABMBEFT A FRERMTFE > 2RAKT T o2 KE

P R T 2L T E B REBGE R T L2 B Ei0d AW

ot 125



pREcit 109 2 R Z AR R E ZF R ATEMFEL T

NUEDI D

~>m

>§

i 7

434 H4enFBEFHQ 2 S { B)LFFERGRTF LIRS 280

WERIVCAT LB RofEE 100> 22 0t E
FBRPBMHHE T
AIBL T & PHELIEE I EFY 2 BEr £ 53 4478 43558 A(109)

ERMUAREFELE R G EFRES AP ALE AN 0 A KR
SREL AR B LR
AIE i % SPOT-6/7 LB fFh Bl H >d @ HfEirR 5 15 ¢

Th b RERfEITR G 6 % > A1 (TA B KA SPOT-6/7 = &8 it
AWBES 83 1 2 PR BiEr AR AP AA¥ o TS
BEr 223 RLE AT - FEMERESE R EFRELTLE(A0R 4.3-23 97
) BlY d RiEL I TEREN  FER R A 150 T 02 oo gt
5 B 4nte 2 2t 2020/07/20 4p 43 P %W 3# 2. SPOT-6/7 = 88 ¥t o 1 1 #

WA LD RS2 BEs 2403 AW R hoW 4324 47 -

Ctanen 126



pREcit 109 2 R Z AR R E ZF R ATEMFEL T

Bl 4.3-24 ~ 3E92% B {) % SPOT-6/7 = 4%t 4 2 #ciE + 4 $3
MR A W2 Bk AR S EEX AR v EkE
WA R ER PN N5 S U dEs AR v DB £ 4o R

4.3-25 #75 > BlP ¥ L EEME 2 1 A5AER S dﬂzf:ifﬁ oo 8 B fs Hp #iciE - A )

otanse 127



AR HE TR A HEFEL TS

R 109 & B

mores

N—

W 4.3-26

LR e

2
|

® AR

J B AT

TR
P

\N—

+
T~

S WA

AT 5
=

2

AZH Ao o

PR R R G OB F 2B AR AR o

[E SN2

\ L

%

(b) s #r

(@)% #p

Bl 4.3-25 ~ @F7ER K

128

otanse



Rt 109 # R Z a2 A,%2 3R

and up

3

AN I
[EI=1=1=1

L o fo -
[SIR=I ==t

Bl 4.3-27 % 3 7R E 2 Bom s 4] B 24 o B 4.3-27 ()% B

43-27(b)~ & 3 s iy 2403 WY 2 2 ERAET I RFLE - B
43-271C)R Z m i iy 2 HAF AL REFBRTREILY 2

BEEGEI > 3 PR B ARE A 0 BARE M S s

A\
e
A
N
o
>
P

LRIV

2R HEE A o

129



pREcit 109 2 R Z AR R E ZF R ATEMFEL T

T 130



pREcit 109 2 R Z AR R E ZF R ATEMFEL T

Ot E RS S E-E

()2 7 im B s B

Bl 4327« #7580 2B )T S P By 2 W3 LR

T 131



Porcds 100 £ B z AR R Z BN A RSB T
B 4.3-28 5 ipin® B2 B 2 {4 H s > F 43-28 (2)% W
4.3-28(0)4> W 5 H (W HiE R A B FY 77 B ERAEF LS - F 4328

(ORI = # i Wiy 2 HAFALE - o 2 FIRTRAINR LS 2 L

-

17,

A

Boood AR ARTE U BB A B M o @ AP R INA R
FEERA N PATRSG MFH L R 2 B HF G E
P RAFEFRLS  ERTEFA o JIF R L B LA E

Pt o F BN FEIY T HE R PR EF .

L) 132



it 109 & B

7

and up
30 40
\¥ kb 30
MR | 20
g A B
A G -10

L . =6
\ 7 . D -20
W AT o ) |20 B
4 ) | v"'._' , ] -. S . + ; il and below
Bl 4328 MR B (PAER)H Sk

G

-40
7L
|

133



pREcit 109 2 R Z AR R E ZF R ATEMFEL T

435 H4e By RS RB L TR FIERR LR BRIV
Z10FI +L2- WitgEF 2 FEBHEARET

AELFAR PR AEFRRE Y EF 48 %HURE S FIRR2
HARFER » X Py s R T REBL AT o 2(109)F R R A B P FRR
2B REIELEY AR c AEREM A R A RS PET FRE
BTEAA Y TIE MBS 2 TR AE B A 2
Bk o 2FEF T FIEREPFHEYIREDLGEHR P HY S EHGER
A R R R H B AR A RRF S ET R R FIEERET o

AJE 1 TEE Y > ¥ A S (Fully Convolutional Networks,
FCN)(Long et al., 2015):& {7 % iy3% & ~ 4] (Sematic Segmentation) » 7 &|3t %
423 HB IR A > AE 1 ITHE - B (Pixel)ie 7 AN o AF T A

FARAAA B FoMALHE P LB R ERE Y HEFTIR

ETTS

P BRGER A BZVRT R e 7SRRI HIEE PR
PaA S TEREY TISMMAHS 2 TR AAT - md s

FIHgEw] L S oA L HBUR R DL B LY F TR

-~

B g 0 FR P A RS BE GRS
AL ITe RAFMFRETE THY GFITE 0 BARSE QGTORT

%o TtgT F oz - BlIELA W 5 96221071 ~ 96221072 ~ 95221089 -

oesner 134



Pt 100 £ B AR RE T B A HEE B (v

95221090 ~ 95221099 ~ 95221100 ~ 96221V081 ~ 96221082 ~ 9622I1V091 -

96221V092 » 4t Fe i b £ A & a4 R R K ER S X8 TP ES
LR AN BT 0B 43200 EyEFEY 4106 £ % 108 £ A
TR FRETRE 5 ()AL T3 H B BAEE S 25em 2 2

S GG QB 117 B A BAR2 # 6 250m 5 a5 & 2 9 ¢

T pE ;
) 4 :_c’J 4 vf' A ~
5 sy, 35
reia® @ '96221V071 96221V072
9 N REER 1) BRI *‘b ’ 1y AR
) "9 v 19258 3
0 W i >
9 e e W i &
T 0 o e—
2 7
x 95221089 95221090 s 1= ‘ 96221V081 96221V082_
9., r:(;\— Q . >
& wruau0: 0 9g :
3 20%83% &
95221099 95221100 96221V091 9622&?'092
q'a--}

Bl 4.3-29 ~ 4 #r w SuF PR o P IEREMERER

FIRETERPIRETE S S 2 AR (R 43-29):9 BRI P 980%

v

PV BEIRY T b 20%i s e 1 BRIFRG B RP R -

VRENES AP EFREY AL RBERAKEFREY A S

otanse

135



NoFedn 109 & B

4.3-4 FIigs B F

FUEISE 9% A HU Y LIS ME

LT e MLNNGID! chatl  a

LA

e R

58 AF > 108 & H 4 RIS AT -

PR3 EA R

Bpaps o O R Al

2R AT RATE B (T4

HH e HAEKRY: o AL T RP R

|k
AT

4 e PX‘}J ’

A% % 106 £ 2 108 # b

106 # %2 108 &+ rT‘JLk\F L Hick & % 7 X LK\F'

% 4.3-4 ~ b P A pap it 4

106 & 108 &

FHATTFEE |7 B 8 i 2 %
"cOTHER"(4 # ) "cOTHER"(H #)
"cHROADA"(=: 4§ % ) "cHROADA"(=: i # & )
"cROADA"(- 45if §) "cROADA"(~ 453§ §)
"cTUNNELA"(%%:f) "cTUNNELA"(%%¥)
"CWATERA" (5 % -k 1) "CWATERA" (5 % -k %)
"cRIVERA"(;# i) "cRIVERA"(;7 i)
"cBUILD" (i 4~ "cBUILD" (% 4~)
AL 106 E B 4B T B A, | "CHSRAILA"(E 48)
285 mA .

R VR 1 9 %= 9 BaFH

(% - &) "c1_farmland"(B ¥4 *) "cl_farmland"(R ¥4 %)

"c2_forest"(Z k41 * )
"c3_transport”( % i 1 * )
"c4_hydro"(-k 141 *)
"c5_builtup"(z= A A1 *)
"c6_public"(=> = 1 *)
"c7_tourism" (X578 1 * )
"c8_mining" (7 ® 1 * )
"c9_other"(H i f*)

"c2_forest" (& k41 * )
"c3_transport”( % i 1 * )
"c4_hydro"(-k 4141 # )
"c5_builtup"(zE= A A1 *)
"c6_public"(=> = 41 %)
"c7_tourism"(¥F7E 1t )
"c8_mining" (7 @ 1 * )
"c9_other"(# i 1 * )

)R 53 1 A

= s LR 1| BV ﬁé—g)"‘éﬁg B ) L EH R

1 (1

136




PRt 100 &Rz AR RE BTG A THAAEEL (£
500x500 1§ & )i 7 > & FApA SRR > L p B HRE - s
R EHH M AR FRER* 2w 5 (Recall)~ &7 5 (Precision) # F1-Score
(4.2.3 &2 3% 4-2-2 3 ;¢ 4-2-4)>Recall 3 * % Omission Error i« ~Precision

% % Commission Error 4 +F1-Score #_Recall # Precision 4% & #F & 45 1% -

(1) %1 /?‘ﬁ* @&‘F‘ "'—:'JJ'M ;}’ﬂ "'\’e';‘g,.,;\, B ,H_
B 4.3-30 F_% A ¥ BRI S A ES R R L RR LR
%29 RE N %/?15 Fﬁ;]ﬂ ﬁ'}’@\"COTHER"&\P 5] o AR B T 2

B oo % BRI Sk G SUpl B ? gk T (Forest) 4 22 5 @ i
(River) » i X @ imena $52c% £ 0 B FIE_: ()4 4 » BRI HE
TREET UG QREORT gur i e 7R sk R AR

Bl 4331 E &t A% % e 2 RFT-HREREB2RPETF o

BLEDR T R 2 %2 E Recall G B 3% %8 0 2 Precision # %

Pé%lﬁia?lx\gl"éﬁfﬁ:i« & :eig (R 4.3-32) 0 R FIA: (1) 3F 7 NODATA: (2)
5 B EAFURFFLA Q)T ERLL BTG
B LB P R PR 4 2 % o F1-Score &R ¥ B B

B HB RS K2 PR AR R R IR B EOTDIRTE o PR

PP AT L

oesner 137



" 109 # &

N Fed

£/

S

o

&

%

e

&

5

ﬂ«&

5

#

E LR %

106

<

4

.,

O

e

Ly
3

7 4

3

108 - & & = &

SRy

30~

B 4.3

138

Gsner



MFedR 109 # B = AR R E Z BA R A EEE B

%

B RETHE R 5B R (1065)

100%

90%

20%

70%

60%

$ 50%

10%

30%

20%

10%

0%

cTUNNELA | cWATERA

m Recall(Train) 57% 99% 00% 99% 100% 99% 08%
m Precision(Train) 100% 80% 50% 52% 69% 66% 68%
® F1-Score(Train) 73% 04% 74% 68% 32% 79% 30%
Recall(Test) 55% 99% 07% 100% 97% 97% 08%
m Precision(Test) 00% 20% 58% 49% 66% 63% 68%
m F1-Score(Test) 1% 04% 73% 65% 79% 76% 30%
m Recall(Check) 50% 0% 5% 0% 47% 74% 05%
W Precision(Check) 03% 0% 62% 0% 39% 30% 539
m F1-Score(Check) 4% 0% 5% 0% 43% 43% 68%

M AR T E ] o R R R (1085

100%

20%

30%

70%

60%

g 50%

10%

30%

20%

10%

0%
COTHER | cHROADA | ¢ROADA |[cTUNNELA | cWATERA | cRIVERA | BUILD | cHsralLA
m Recall(Train) 63% 100% 99% 100% 100% 99% 99% 100%
w Precision(Train) 100% 91% 64% 349 63% 63% 73% 71%
® F1-Score(Train) 77% 050 7% 519 31% 7% 34% 33%
Recall(Test) 62% 99% 97% 0% 059 97% 98% 99%
B Precision(Test) 069 90% 62% 0% 53% 60% 71% 61%
B F1-Score(Test) 76% 04% 76% 0% 72% 74% 33% 76%
m Recall(Check) 65% 0% 94% 0% 10% 71% 959 79%
wPrecision(Check)|  97% 0% 65% 0% 20% 30% 5005 94%
mF1-Score(Check) 73% 0% 7% 0% 26% 42% 73% 36%

Oesise

B 4.3-31- % #d* T

=h

3 BT R R A 450t

139



NFeIR 109 # B Z AR AR E Z RN AR B (g

Ground Truth Results of DeepLabv3

Input Arialimage

< ¥
COTHER COTHER
CHSRAILA CHSRAILA
cBUILD cBUILD
CRIVERA CGRIVERA
CWATERA CWATERA
CTUNNELA CTUNNELA
CROADA CcROADA
CcHROADA CcHROADA

cOTHER cOTHER

()47 2 e (b) it/ £ B (C)~ g = %

Bl 4.3-32~ i » VR T AL F i b

(2) B2 1% 3 Bags]s P s % 247

Bl 43-33 £ M2 1% 2 A% - &t guas i 5B RS

il

At % o AR E - AT - B I A AR E

TEERT 0 BERY Z APRR Y A ek R o A A ERE o T

ANV
—_\
‘I—

B
R

SR R A T L

]
N
f-‘ﬂ
4~
hiad
T
T

M F RN - HE

SRR Bldet S R EZEAR Y R0 5 TR SRS i

*@‘]
¥

AR

Bl 4334l B A S5 A %6 F0RF HEFEBERPT -
BEVRATREZRERDE A% 2R EERERMNREZRF - b
BP B S A B R R RS R F RS LB 0 B R VR
BAKE - B2 B R RhE 2% B %@ (Farmland) ~ Zetk @ *

(Forest) 2 % id i¢ * (Transport)eriZ JLig>t H s 55 %] » AR i¢ * (Hydro) % =

£ i * (Public)® Alb 2 % % DL P B MOt o NI AT

otanse 140



Pt 109 £ R 2 @RL AR T BT A TR B A i

«;1 ic’

106 & A 45 & %

108 & 2 & %

BB DA o

Cesden 1



otsnse

Ppedt 109 # B = MR A T AN AT RSB (TR

100%

Bl - IR 3R R (1065F)

90%

80%

70%

60%

50%

%

40%

30%

20%

10%

0%

c1_farml

c2_fores

c3_trans

c4_hydr

¢5_builtu

c6_publi

c7_touris

€8_minin

and t port [¢] p c m g €9_other
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W F1-Score(Test) 91% 93% 89% 90% 93% 96% 91% 83% 86%
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#F% Remote Sensing of Environment > 232 F = A Semi-empirical
1 Scheme for Bathymetric Mapping in Shallow Water by ICESat-2 and
Sentinel-2: A Case Study in the South China Sea
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Date: Jure B0, 2090 o 208 AM
Yo: Wtseng@osrer nou od b
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Ooat Profosscor Tenrg,

Your subsresson entilied A Seme-empirical Scheme lor Bathymatrio Mapping in Shaflow Witer by ICESe-2 and Sentirml-2- A
Case Shudy in he South Ching Sea” as Resaarch Papar has baen rmceived by Remate Sensing of Enveonment Journal Office

You Wil De aldo S0 check on Ihe progress of your paper by 10g0ing on 10 EES as an author The URL s
Mitps fees olsevier COMYse)

Your marusorpd will De ghven & ederence number once an EAlor has beon assigned
Thank you for subeiiing your work 10 Remote Sensing ol Envdronment

Remote Serwrg of Erveonmont

#FF& International Journal of Geographical Information Science » A&
2 P % An Ontology integrating City Model and Internet of Things
Open Standards for Smart City Applications

@ ;ray!rr)r & Franr\s (.J Chih-Yuan Huang v
yor
Submission  Title Journal Status Updated m
206981053 An Ontology integrating City  International Journal of ~ Manuscript submitted 12 Nov 2020

Model and Internet of Things ~ Geographical
Open Standards for Smart Ci..  Infarmation Science
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@ ﬁih% Tsai, Fuan <ftsaifiyg nou_edu twe

Confirming submission to Advanced Engineering Informatics
1 message

Advanced Engineering Informatics <emifieditorialmanager. com> Wed, Mow 18, 2020 at 11:13 AM
Reply-To: Advanced Engineering Informatics <avi joumaliiielsevier com=
To: Fuan Tsai <fsaificsrsr nou edu e

*This is an automated message.™

Spatial Analysis with Detailed Indoor Building Models for Emergency Evacuation Service

Dear Prof. Tsai,

We have received the above referenced manuscript you submitted to Adwanced Engineering Informatics.

To track the status of your manuscript, please log in as an author at hitps2l'www editornalmanager.comiadveil, and
navigate fo fhe "Submissions Being Processed” folder.

Thank you for submitting your work fo this journal.

Kind regards,
Advanced Engineering Informatics

More information and support
iou will find imformation relevant for you as an author on Elsevier's Author Hub: hitps2weee elsevier. comiauthors
FAGE How can | reset a forgotien password?

hitps:ifservice. elsevier.com/app/answers/detailfa id/28452/supporthubdpublishing’
For further assistance, please visit our cusiomer service site: hifps:senice elsevier comiapp/home!supporthuby

publishang’

Here you can search for solufions on a range of topics, find answers fo frequently asked guestions, and l=arm more
about Editorial Manager via interactive futorials. You can also talk 24/7 fo our cusiomer support feam by phone and
24f7 by live chat and email

In compliance with data profection regulations, you may request that we remove your personal registration detsils at
any fime. (Use the following URL: hitps:/fwwna ediforiaimanager. com'adveillogin.asp?a=r). Please contact the

publication office if you have any guesfions_
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- ~ A 5 Bl(Taiwan e-Map) 22 ®'5 B < 3 & 3R

-Ie-all\\;lv:; BigEarthNet DroneDeploy EuroSat PatternNet RSI-CB128 SEN12MS UCMerced
1. City avenue
2. Avenue
1 Closed road 3. Highway
L 1 Road and rail networks . 2. Crosswalk 4. C_rossroads 1 Freeway-
3P ' and associated land 1 Ground 1. Highway 3. Freeway 5. City road - 2. Intersection
4. Intersection 6. Fork road 3. Overpass
5. Overpass 7. Turning circle
8. Mountain road
9. Overpass
iﬁﬁ%‘ 1 Road and rail networks ] ] 1 Railway L Rail ) )
PiF and associated land
1 Water bodies
. 1 Lakeshore
k% g \S/\?a and ocean 1. Water L River 1 River 2. River 1. Water Bodies 1. River
. Watercourses 2. Sea & Lake 3 Streamit
4. Estuaries ' y
1. Baseball field
2. Basketball court 1 Baseball
) 1 Green urban areas 1 Clutter 3. Football field 1 City green tree diamond
e Bl 2. Construction sites 2. \Vegetation - 4. Golf course 2‘ Parking lot - 2. Tennis court
3. Sport and leisure facilities |3. Building 5. Parking lot ' 3. Parking lot
6. Parking space 4. Golf course
7. Tennis court
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Zal'\‘;l";‘; BigEarthNet DroneDeploy|  EuroSat PatternNet RSI-CB128 SEN12MS UCMerced
. Buildings
. Discontinuous urban . : Depse .
fabric 1 Residential 1 Coastal mansion re5|d_ent|al
Industrial or commercial ' Buildings 2 Dense residential 1. City building + Medium
b B 1. Building - 3. Mobile home park ' 1. Urban and Built-Up Lands residential
units 2. Industrial . 2. Tower
. . . 4. Nursing home . Sparse
3. C(_)ntmuous urban fabric Buildings 5. Sparse residential residential
- Alrports . Mobile home
park
1. Baseball field
2. Basketball court
3. Beach
Industrial or commercial 4 Cemetery- L Sparse forest
' units 5. Ferry termmal 2. Clty_green tree . B_aseball
2 Sport and leisure facilities 6. Football field 3. Marina diamond
’ . . 7. Golf course 4. Parking lot 2. Beach
L 3. Green urban areas 1 Vegetgtlon L Ind_us';rlal 8 Harbor 5 Tower i 3 Tennis court
7 4. Beaches, dunes, sands 2. Building Buildings . .
5. Airports ) Nurs_lng home 6. Grave 4. Parking lot
6. Dump sites 10.Park!ng lot 7. Sa_md beach 5. Harbor
7’ Port areas 11. Parking space 8. Airport 6. Golf course
' 12. Swimming pool
13. Tennis court
14.Wastewater treatment
plant
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Taiwan

e-Map BigEarthNet DroneDeploy EuroSat PatternNet RSI-CB128 SEN12MS UCMerced
1 Mixed forest 1. Evergreen Needleleaf Forests
2. Coniferous forest 2. Evergreen Broadleaf Forests
3. Non-irrigated arable land 3. Deciduous Needleleaf Forests
4. Transitional 4. Deciduous Broadleaf Forests
woodland/shrub 1. Green farmland 5. Mixed Broadleaf/Needleleaf Forests
5. Broad—lt_eav_ed forest _ 2. Dry farm 6. Mixed Broadleaf
6. Land principally occupied 3. Bare land Evergreen/Deciduous Forests
b_y agr.":““”re’ with 4. Artificial Grassland  |7. Mixed Forests
significant areas of natural 5. Mangrove 8. Dense Forests
vegetation 6. River protection 9. Open Forests
7. Complex cultivation 1. Airplane 7. Forest 10. Sparse Forests
patterns 2. Bridge 8. Shrubwood 11. Natural Herbaceous
8. Pastures 3. Chaparral 9. Sapling 12 Dense Herbaceous
9. Agro-forestry areas 4. Christmas tree farm |10 Natural Grassland 13.Sparse Herbaceous
10.Peatbogs L Annual Crop " = 11. Forest 14. Shrublands 1. Agricultural
11 Permanently irrigated land 2 Permanent 16 ol gas field 12 Runway 15, Closed (Dense) Shrublands 2. Airplane
- 12.Natural grassland 1 Car Crop 7. Oil well 13.Bridge 16.0pen (Sparse) Shrublands 3. Chaparral
# % ¥ )& |13 Olive groves . |2 Ignore 3. Forest 8. Runway 14. Airplane 17.Shrubland/Grassland Mosaics 4. Storage tanks
14, Sglerophyllous vegetation 4. Pasture 9. Runway marking 15.Coastline 18 Woody Savannas 5. Runway
15.Vineyards _ 5 Herbaceous 4 ghinsing yard 16.Dam 19.Savannas 6. Forest
16. Annual crops associated Vegetation 11.Solar panel 17.Sea 20.Grasslands
with permanent crops 12, Storage tank 18.Container 21.Permanent Wetlands
17.Inland marshes 13 Transformer station |19 Residents 22.\Woody Wetlands
18.Moors and heathland 20.Storage room 23 Herbaceous Wetlands
19.Fruit trees and berry 21.Pipeline 24. Herbaceous Croplands
plgntatlons o 22. Town 25.Croplands
2 I\/I_merfal extraction sites 23.Desert 26.Cropland/Natural Vegetation
21 Rice fields 24.Snow mountain Mosaics
22.Bare rock 25.Mountain 27.Forest/Cropland Mosaics
23 Sparsely vegetated areas 26. Hirst 28. Natural Herbaceous/Croplands
24. Salt marshes Mosaics
25.Coastal lagoons 29. Tundra
26. Intertidal flats 30.Permanent Snow and Ice
27.Salines 31 Barren
28.Burnt areas
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Non-irrigated arable land

B2 A BigEarthNet DroneDeploy EuroSat PatternNet RSI-CB128 SEN12MS UCMerced
1. Land principally occupied
by agriculture, with
significant areas of natural
2. Vegetation
3. Vineyards . Herbaceous Croplands
. . Croplands
4. Annual crops associated
. . Cropland/Natural
with permanent crops IC v ion Mosai
W 5. Fruit trees and berry . L Annual Crop 1 Green farmland egetation Mosaics .
01 % S ! . 1 \egetation 2. Permanent Crop - ' . Forest/Cropland 1. Agricultural
7 6. Plantations 2. Dry farm :
Lo 3. Pasture Mosaics
7. Rice fields
: . Natural
9

Complex cultivation

10.Patterns

11 Pastures

12 Agro-forestry areas
13.Permanently irrigated land

Herbaceous/Croplands
Mosaics
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BigEarthNet

DroneDeploy

EuroSat

PatternNet

RSI-CB128

SEN12MS

UCMerced

1. Mixed forest
2. Coniferous forest

3. Transitional woodland/shrub

4. Broad-leaved forest

5. Sclerophyllous vegetation

1 Vegetation

1. Forest

1. Chaparral
2. Forest

1. Sparse forest
2. Shrubwood
3. Sapling

4. Forest

5. Mountain

1. Evergreen Needleleaf
Forests

2. Evergreen Broadleaf
Forests

3. Deciduous Needleleaf
Forests

4. Deciduous Broadleaf
Forests

5. Mixed
Broadleaf/Needleleaf
Forests

6. Mixed Broadleaf
Evergreen/Deciduous
Forests

7. Mixed Forests

8. Dense Forests

9. Open ForestsSparse
Forests

10.Shrublands

11.Closed (Dense)
Shrublands

12.0pen (Sparse)
Shrublands

13.Shrubland/Grassland
Mosaics

14.Woody Wetlands

15. Forest/Cropland
Mosaics

1. Forest
2. Chaparral
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s T BigEarthNet DroneDeploy EuroSat PatternNet RSI-CB128 SEN12MS UCMerced
1. City avenue
1. Closed road 2 Ayenue
: 3. Highway
2. Ferry terminal :
4. Marina
3. Crosswalk 5 Parking | 1 Parking |
4. Freeway - Parking lot . Parking lot
1. Port areas 5 Intersection 6. Crossroads 2. Intersection
03 % | % Roadandrail networksand |y g5 g 1. Highway 6. Harbor 7. City road - 3. Harbor
associated land 2 Overnass 8. Rail 4. Freeway
3. Airports ' p 9. Fork road 5. Overpass
8. Parking lot L
. 10. Turning circle 6. Runway
9. Parking space .
. 11. Mountain road
10.Railway
11 Runway 12 Oyerpass
' 13. Airport
14. Runway
1. Water bodies ; E?\'/‘gfhore
2. Sea and ocean 1 River 3- Streamity
04 -k 41 j \(/:\?atétraﬁ:;e;ns 1. water > Sea & Lake 1. River 4 Constline 1. Water Bodies 1. River
5. Estuaries 5. Dam
6. Sea
1 Cemetery
1. Discontinuous urban fabric 2. Coastal mansion 1. Buildings
5 Industrial or commercial 1. Residential 3. Dense 1. City building 2. Sparse residential
05 & # ' units 1. Building Buildings residential 2. Tower 1. Urban and Built-Up 3. Medium
- 3. Continuous urban fabric 2. Clutter 2. Industrial 4. Mobile home 3. Grave Lands residential
4. Construction sites Buildings park 4. Town 4. Dense residential
' 5. Sparse 5. Mobile home park
residential
1 Nursing home
2. Transformer .
06 =~ | 1 Dump sites 1. Building - station 1. City building 1 Urban and Built-Up 1. Buildings
Lands
3. Wastewater
treatment plant
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BigEarthNet DroneDeploy PatternNet RSI-CB128 SEN12MS UCMerced
1. Baseball field
2. Basketball court .
. Green urban areas o 3. Football field 1. City green tree L Basel_)alldlamond
. - 1. Building - 2. Tennis court
. Sport and leisure facilities 4. Golf course . Tower
. 3. Golf course
5. Swimming pool
6. Tennis court
1. Mineral extraction sites
2. Salt marshes - - - - -
3. Salines
1. Natural grassland
2. Inland marshes ; ;Z?S E%Ch 1. Natural Herbaceous
3. Moors and heathland 3' Manarove 2. Dense Herbaceous
4. Bare rock 1 Clutter 1. Herbaceous - Viang . 3. Sparse Herbaceous
. beach 4. River protection 1 Beach
5. Sparsely vegetated areas 2. Ground f 4. Grasslands
) orest
6. Intertidal flats 5 Natural arassland 5. Permanent Wetlands
7. Beaches, dunes, sands L g 6. Herbaceous Wetlands
- . 6. Hirst
8. Construction sites
1 Airplane
2. Bridge 1. Artificial grassland
3. Oil gas field 2. Bridge
4. Oil well 3. Airplane 1. Woody Savannas
Olive aroves 1 Car 5 Runway 4. Container 2. Savannas
#EEHE | Burntgreas > lanore marking 5. Residents 3. Tundra -
' - 19 6. Shipping yard 6. Storage room 4. Permanent Snow and Ice
7. Storage tank 7. Pipeline 5. Barren
. Christmas tree 8. Desert
farm 9. Snow mountain
. Solar panel
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UTide |Frequency|Amphitude| Amp_err Pha_err
. Phase (deg) SNR
Chnstit (cph) (mm) (mm) (deg)
M2 0.081 189.4 0.97 262.5 0.25 147434
K1 0.042 186.9 0.56 229.8 0.19 435279
SA 0.000 159.9 3.61 210.6 1.44 7542
01 0.039 152.9 0.56 196.6 0.21 288691
S2 0.083 65.3 0.92 263.2 0.68 19294
P1 0.042 58.0 0.58 222.8 0.55 37912
N2 0.079 51.0 0.96 237.2 0.87 10840
Q1 0.037 319 0.59 177.0 0.82 11120
SSA 0.000 316 4.04 310.8 6.85 235
MU2 0.078 22.4 0.86 133.9 2.67 2602
K2 0.084 16.4 0.81 244.5 2.65 1575
H1 0.080 12.1 0.80 193.4 4.78 867
J1 0.043 12.0 0.59 252.4 2.67 1606
MSF 0.003 11.8 3.21 232.8 16.04 52
NO1 0.040 10.7 0.60 205.4 3.31 1243
L2 0.082 10.0 0.77 11.1 5.06 653
MKS2 0.081 9.9 0.91 153.5 4.82 460
M4 0.161 9.8 0.25 260.0 1.29 5948
S1 0.042 8.9 0.61 334.2 3.33 805
NU2 0.079 8.7 0.74 261.0 5.78 521
MS4 0.164 7.4 0.20 288.1 1.56 5188
2N2 0.077 7.1 0.82 183.4 6.56 292
LDA2 0.082 7.1 0.95 15.0 7.53 213
001 0.045 6.3 0.65 273.0 4.40 369
TAU1 0.039 6.2 0.61 194.1 4.46 403
SIG1 0.036 5.6 0.60 140.6 6.05 336
EPS2 0.076 5.4 0.84 107.9 8.09 160
M3 0.121 5.3 0.20 173.1 1.88 2771
T2 0.083 5.1 0.80 265.2 8.65 155
RHO1 0.037 5.0 0.59 195.1 6.72 279
PI1 0.041 4.6 0.53 249.3 7.35 290
GAM?2 0.080 4.2 0.86 91.3 10.77 93
MK3 0.122 3.8 0.20 289.8 2.63 1375
MSN2 0.085 3.6 0.84 261.8 12.13 73
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MN4 0.160 3.6 0.23 237.9 3.37 936
2Q1 0.036 3.5 0.56 153.5 9.50 152
H2 0.081 3.3 0.99 141.7 14.43 43
SK3 0.125 3.2 0.16 335.2 3.32 1537
MO3 0.119 3.1 0.18 293.3 3.37 1166
SO1 0.045 3.1 0.60 263.4 9.41 100
PSI1 0.042 3.0 0.59 19.5 10.77 104
M6 0.242 2.7 0.09 230.3 2.09 3138
2MS6 0.244 2.6 0.09 290.0 2.22 3099
ETA2 0.085 2.6 0.78 258.2 20.42 41
CHI1 0.040 2.1 0.53 215.5 17.04 57
MK4 0.164 2.0 0.21 276.1 6.05 352
SO3 0.122 1.9 0.20 281.9 5.58 362
PHI1 0.042 1.7 0.49 97.3 20.32 48
S4 0.167 1.7 0.23 312.2 6.70 223
2MN6 0.240 1.6 0.08 202.1 3.04 1517
ALP1 0.034 1.4 0.55 96.7 24.93 25
SN4 0.162 0.9 0.22 242.0 14.12 63
2MK5S 0.203 0.8 0.10 206.8 7.16 255
2SK5 0.208 0.8 0.09 221.3 7.21 272
SK4 0.167 0.8 0.24 308.8 14.73 44
2MKG6 0.245 0.8 0.10 264.9 6.50 247
MSKG6 0.247 0.6 0.08 5.5 8.90 202
2SM6 0.247 0.4 0.08 306.1 12.00 76
M8 0.322 0.3 0.03 227.4 7.37 253
3MK7 0.283 0.2 0.05 267.4 16.83 57
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UTide | Frequency | Amphitude | Amp_err Pha_err
) Phase (deg) SNR
Cnstit (cph) (mm) (mm) (deg)
‘M2' 0.081 208.3 0.51 255.8 0.13 633165
'K1' 0.042 192.1 0.37 225.3 0.11 1054194
‘ol 0.039 157.0 0.33 192.5 0.12 878167
'SA' 0.000 138.4 5.10 203.9 1.80 2836
'S2' 0.083 71.3 0.46 255.8 0.40 92854
P1’ 0.042 63.4 0.38 222.1 0.34 109324
'‘N2' 0.079 55.5 0.49 229.9 0.52 48578
QL 0.037 32.5 0.35 173.6 0.71 33883
‘MU2' 0.078 24.5 0.53 126.1 1.18 8215
'K2' 0.084 20.7 0.54 250.8 1.57 5724
'SSA' 0.000 18.6 3.92 3324 15.66 86
J1' 0.043 11.3 0.34 248.6 1.57 4230
‘NU2' 0.079 11.3 0.53 265.4 241 1757
‘NO1' 0.040 10.7 0.32 208.1 1.95 4185
‘M4’ 0.082 10.7 0.57 2.8 2.67 1356
L2 0.161 10.7 0.21 256.7 1.17 10001
'2N2' 0.077 8.4 0.51 1934 3.47 1057
'‘MS4' 0.164 8.2 0.19 281.4 1.27 6918
‘M3’ 0.121 6.5 0.13 167.1 1.07 9316
'H1' 0.080 6.4 0.42 205.3 5.05 869
'LDA2' 0.082 6.0 0.56 359.4 9.37 437
'MF' 0.042 5.5 0.37 254.2 3.66 850
'EPS2' 0.076 54 0.55 93.5 5.44 377
‘00t 0.045 54 0.31 265.2 3.71 1179
'RHO1' 0.037 51 0.32 180.8 3.90 991
‘SIGT 0.036 4.8 0.27 152.1 411 1209
PI1' 0.041 4.7 0.37 214.1 3.28 642
201 0.036 4.1 0.37 148.7 5.05 470
'‘MN4' 0.160 3.7 0.19 239.1 3.02 1539
‘PHIT' 0.042 3.7 0.37 223.3 5.31 385
T2' 0.083 3.5 0.41 235.8 8.60 288
'‘H2' 0.081 3.5 0.53 232.9 7.20 166
'MKS2' 0.081 3.4 0.55 186.5 7.55 151
'MSN2' 0.085 3.2 0.52 246.7 9.50 142
'‘MK4' 0.164 2.9 0.17 258.2 3.78 1084
‘M6 0.242 2.7 0.12 215.5 2.29 2120
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TAUT' 0.039 2.7 0.35 158.5 6.84 224
'PSIT’ 0.042 2.5 0.38 291.0 8.37 168
'ETA2' 0.085 2.3 0.56 254.5 14.12 66
'CHIT' 0.045 2.2 0.35 296.4 9.03 153
2MS6' 0.244 2.2 0.11 285.3 2.66 1672
‘SO 0.040 2.2 0.35 217.0 10.52 147
'‘GAM2' 0.080 2.1 0.55 235.9 12.80 57
'‘MK3' 0.122 2.1 0.14 267.3 3.85 839
"2MNG6' 0.240 1.8 0.11 175.5 3.49 956
'‘BETT' 0.040 1.7 0.34 189.8 13.75 93
THEY' 0.043 1.5 0.34 239.5 12.36 74
'S4 0.167 1.5 0.17 289.7 7.69 276
'R2' 0.083 1.3 0.54 152.1 21.54 23
'UPST' 0.046 1.3 0.32 294.0 13.88 63
"2MKG6' 0.245 1.1 0.09 249.5 5.19 563
'SK4' 0.167 1.0 0.23 295.4 10.19 78
'SK3' 0.125 1.0 0.13 291.6 7.51 220
'SO3' 0.122 0.9 0.13 269.1 7.69 179
'‘MO3' 0.119 0.9 0.12 265.2 9.47 206
‘ALP1' 0.034 0.8 0.32 105.9 21.91 25
'SN4' 0.162 0.8 0.16 251.3 14.59 90
2MK5' 0.203 0.5 0.08 85.5 8.90 151
'2SM6' 0.247 0.5 0.10 340.9 13.04 80
‘M8’ 0.322 0.4 0.04 198.5 5.41 453
'MSKe6' 0.247 0.4 0.12 353.3 20.49 36
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UTide

Frequency

Amphitude

Amp_err

Pha_err

Cnstit | (cph) | (mm) | (mm) |Nase(deq) " qeny SR
M2 0080511 2035 | 039 | 2567 0.1 10357917
K1 0041781 1892 | 026 | 2263 0.1 1978903 6
O1 |0038731| 1551 | 028 | 1937 0.1 11631781
SA  |0000114| 1353 | 287 | 2062 15 8535 1
S2 |0083333| 694 042 | 2565 03 102849.2
Pl |0041553| 625 027 | 2242 0.2 203187.0
N2 |0078999| 552 042 | 2315 0.4 65917.0
Q1  |0.037219| 325 025 | 1736 05 63201.5

SSA  |0.000228| 251 323 | 2890 63 231.0

MU2 | 0077689| 237 039 | 126.0 10 141832
K2 |0083561| 205 040 | 2520 11 9864.5

MSF | 0002822| 124 278 | 2441 | 128 75.8
L2 |0.082024| 120 0.44 5.2 19 2901.0
31 |0.043203| 115 029 | 2476 14 6053.7

NU2  |0079202| 113 037 | 2639 20 3544.6
M4 |0161023| 110 014 | 2588 08 22182.1

NO1 |0040269| 107 026 | 2114 15 6714.0

MS4  |0163845| 83 015 | 2827 10 117270
ON2  |0.077487| 76 035 | 1874 3.0 1795.9
HL  |0080397| 65 036 | 216.7 36 12501

LDA2 |0081821| 64 0.40 9.2 33 966.6
M3 |0120767| 6.0 009 | 1706 08 16236.9

001 |0044831| 57 028 | 2745 28 1573.3

RHO1 |0.037421| 54 030 | 1871 28 1305.2
ST |0041667| 54 031 | 2772 24 1129.6

EPS2 | 0076177| 53 0.40 97.9 42 691.4

SIGI  |0.035909| 47 025 | 1528 3.2 14131

MN4  |0.159511| 46 014 | 2409 17 3916.1
PIL  |0041439| 46 027 | 2199 36 1109.8
201 | 0035706| 4.0 028 | 1547 a1 7778

MKS2 | 008074 | 38 036 | 1865 55 430.2
T2 |0083219| 3.7 040 | 2418 5.8 335.7
H2  |0080625| 323 039 | 2482 74 284.6

MSN2 |0.084845| 3.3 042 | 2469 71 2435

MK3 |0.122292| 33 009 | 2718 16 4838 4
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UTide

Frequency

Amphitude

Amp_err

Pha_err

Cnstit | (cph) | (mm) | (mm) |Nase(deq) " qeny SR
PHIT |0.042009| 3.2 030 | 2383 5.0 4218
PSIT  |0.041895| 3.1 029 | 3101 5.4 435.0
TAUL |0038959| 3.0 030 | 1619 55 388.1
CHIT |0040471| 28 026 | 2078 46 461.9
ETA2 |0085074| 28 040 | 2610 73 190.0
M6 | 0241534| 2.7 007 | 2168 17 57515
MK4 | 0.164073| 2.6 015 | 2654 34 11053
SO3  |0.122064| 25 011 | 2550 23 2106.4
OMS6 | 0.244356| 2.2 007 | 2866 19 3798.2
SOl  |0.044603| 2.2 029 | 2840 73 2206
MO3 | 0.119242| 1.9 011 | 260.2 33 1170.4
ALP1 |0034397| 18 028 | 119.2 95 150.1
THEL |0043091| 16 025 | 2304 93 160.0
OMN6 | 0.240022| 1.6 007 | 1831 28 1830.9
SK3  |0.125114| 15 011 | 3045 37 7476
sS4 |0166667| 14 017 | 2851 51 288.1
UPS1 |0046343| 1.4 028 | 2872 | 131 92.4
R2  |0083447| 12 038 | 1793 | 176 37.3
SK4  |0.166895| 1.1 016 | 3005 6.9 182.7
OMK6 | 0.244584| 1.0 008 | 2451 44 725.2
GAM2 |0080309| 0.9 036 | 3049 | 27.2 23.0
BETL | 0.04004 | 08 029 | 2362 | 184 331
SN4  |0.162333| 08 015 | 2462 8.8 110.0
OMK5  |0.202804| 0.4 0.05 69.7 65 2544
M8  |0322046| 04 003 | 2001 5.2 549.7
MSK6 |0.247406| 0.3 008 | 3364 | 11.9 754
2SM6 | 0247178 | 03 0.08 111 16.5 447
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UTiqe Frequency | Amphitude | Amp_err Phase Pha_err SNR
Chnstit (cph) (m) (m) (deg) (deg)
K1 0.0418 277.1 0.3 303.1 0.1 3036073
01 0.0387 242.3 0.3 253.2 0.1 3152070
M2 0.0805 144.9 0.2 254.7 0.1 1850280
P1 0.0416 87.6 0.3 297.9 0.2 394258.4
SA 0.0001 82.1 4.0 221.7 2.4 1643.416
S2 0.0833 46.8 0.2 271.8 0.2 262216.9
Q1 0.0372 46.2 0.3 229.5 0.4 106911.8
N2 0.0790 33.2 0.2 237.8 0.4 107979.8
NO1 0.0403 15.3 0.3 271.0 1.0 13959.6
SSA 0.0002 13.6 4.0 298.1 13.5 45.44287
J1 0.0433 11.7 0.3 319.2 14 7442.141
K2 0.0836 115 0.2 281.1 1.1 15940.73
MF 0.0031 10.0 3.9 14.7 23.9 25.31297
MM 0.0015 9.4 3.1 62.0 22.5 34.34388
RHO1 0.0374 9.2 0.2 231.2 1.6 5846.111
NU2 0.0792 6.7 0.2 250.4 1.6 3921.2
PI1 0.0414 6.3 0.3 291.2 2.6 2385.651
MU2 0.0777 6.3 0.2 189.8 1.9 4109.654
201 0.0357 55 0.3 212.1 3.3 1583.49
SIG1 0.0359 5.4 0.3 233.9 2.3 1495.771
2N2 0.0775 5.4 0.2 206.6 2.2 3181.526
S1 0.0417 4.7 0.3 16.5 3.4 1127.608
H1 0.0804 4.4 0.2 137.8 2.3 1552.825
H2 0.0806 4.3 0.2 172.6 3.0 1545.822
001 0.0448 4.1 0.3 0.2 5.9 806.3848
CHI1 0.0405 3.9 0.3 268.3 4.4 646.517
MO3 0.1192 3.9 0.1 0.3 1.6 4913.232
TAU1 0.0390 3.7 0.3 26.9 4.1 719.5075
M3 0.1208 3.3 0.1 265.7 1.7 4372.501
BET1 0.0400 3.2 0.3 292.5 51 401.1383
THE1 0.0431 3.0 0.3 335.9 5.1 486.6855
MK3 0.1223 3.0 0.1 50.5 2.1 3135.247
2MS6 0.2444 2.8 0.0 131.7 0.9 14752.34
PHI1 0.0420 2.8 0.3 282.8 6.6 387.0422
PSI1 0.0419 2.7 0.3 255.5 6.0 362.4679
M6 0.2415 2.7 0.0 70.3 0.9 11269.96
T2 0.0832 2.5 0.2 299.8 3.5 614.3942
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UTiqe Frequency | Amphitude | Amp_err Phase Pha_err SNR
Chnstit (cph) (m) (m) (deg) (deg)
SO1 0.0446 2.1 0.3 291.0 7.4 221.6559
L2 0.0820 2.1 0.2 288.1 6.5 453.6426
SO3 0.1221 1.9 0.1 34.2 2.6 2017.196
M4 0.1610 1.8 0.1 198.0 2.7 1479.744
R2 0.0834 1.8 0.2 85.4 6.6 291.8908
MKS2 0.0807 1.7 0.2 309.0 7.3 280.8426
ALP1 0.0344 1.6 0.3 244.6 10.2 141.8212
SK3 0.1251 1.4 0.1 76.6 4.2 749.3195
2MN6 0.2400 1.4 0.0 41.3 1.8 3967.321
EPS2 0.0762 1.3 0.2 169.5 10.0 168.5353
MSN2 0.0848 0.9 0.2 293.4 12.4 71.54591
MS4 0.1638 0.8 0.1 299.1 52 434.4039
2MK6 0.2446 0.8 0.0 134.3 2.9 1580.705
0Q2 0.0760 0.8 0.2 156.0 12.4 53.91522
GAM?2 0.0803 0.7 0.2 208.8 15.6 33.2403
MN4 0.1595 0.6 0.1 128.6 7.5 236.6222
ETA2 0.0851 0.6 0.2 303.3 19.3 31.38995
2SM6 0.2472 0.5 0.0 196.9 4.4 441.9621
MK4 0.1641 0.4 0.1 288.0 11.5 106.4274
MSK6 0.2474 0.4 0.0 194.3 6.3 264.4825
S4 0.1667 0.3 0.1 102.7 14.1 61.32541
M8 0.3220 0.3 0.0 234.7 3.5 1110.447
SK4 0.1669 0.2 0.1 356.9 40.0 38.18929
3MK7 0.2833 0.2 0.0 102.1 7.4 262.0912
SN4 0.1623 0.2 0.1 116.4 25.7 26.23747
2SK5 0.2084 0.1 0.0 218.3 23.4 33.75588
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- 10, 2020

Overview and details of the sessions of this conference. Please select a date or location to show only sessions at that day or location. Please select a

single session for detailed view (with

and ds if

|

| Name, Title...

Date: Monday, 06/Jul/2020

Session Overview

9:00am $10: Ankommen bei der AGIT 2020
- Location: § - Stage / Bithne
9:30am
9:30am $11: Willkommen zur AGIT 2020
- Location: S - Stage / Biihne
9:45am Chair: Josef Strobl
10:00am A12: AGIT Erdffnungsvortrag von Jiirgen DOLLNER: Kiinstli i iale fiir 3D-
& Location: A - Sessions
10:45am Chair: Thomas Blaschke
11:00am $13: Coronavirus A13: 3-D GIS: Von der B13:
- Dashboard in Tirol Basemap bis Indoor Weiterbildungsangebote
11:45am Location: § - Stage / Biihne Location: A - Sessions GlIs
Chair: Josef Strobl Chair: Bernd Lackner Location: B - Sessions
Chair: Christian Neuwirth
12:00pm A14: Lunch Break / B14: Lunch Break / C14: Lunch Break / D14: Lunch Break / N14: Networking /
- Mittagspause i i Mittagspause Netzwerken
1:00pm Location: A - Sessions Location: B - Sessions Location: C - Sessions Location: D - Sessions Location: N - Networking /
Netzwerken
1:00pm A15: 3-D Welten B15: Griinraum in der C15: OSGeo Day (1/3):
- Location: A - Sessions Stadt Open Source Geodienste
1:45pm Chair: Erich Buhmann Location: B - Sessions Location: C - Sessions
Chair: Hermann Klug Chair: Jakob Miksch
2:00pm  A16: UAV: Best Practice  B16: Wassermanagement C16: OSGeo Day (2/3):
- Beispiele Location: B - Sessions Open Source Desktop GIS/
2:45pm Location: A - Sessions Chair: Hermann Klug QGIS
Chair: Alexander Almer Location: C - Sessions
Chair: Markus Mayr
3:00pm A17: fassung B17: chung C17: OSGeo Day (3/3):
- und -services Location: B - Sessions Open Source
3:45pm Location: A - Sessions Chair: Thomas
Chair: Hermann Klug Location: C - Sessions
Chair: Jiirgen Hahn
4:00pm €18: FOSSGIS Social
= Location: C - Sessions
4:45pm Chair: Markus Mayr
Date: Tuesday, 07/Jul/2020
10:00am A22: ilita B22: ung C22: FM: D22: Workshop:
- Seonsorik & von Geodaten und Netze MapFish Print 3:
10:45am Bewegungsdaten Location: B - Sessions Location: C - Sessions Karten Templates und
Location: A - Sessions Chair: Barbara Hofer ~ Chair: Bernhard Zagel PDF
Chair: Martin Loidl Location: D - Sessions
Chair: Marion
Baumgartner
11:00am $23: Eroffnung AGIT  A23: Mobilitat: GI B23: Fernerkundung: €23: Workshop: D23: Poster Session  E23: EXPO Time
- EXPO mit Monika Innovationen fiir die  Daten, Analysen, Kartographie mit (112) Location: E - Expo /
11:45am Ranzinger, GRINTEC Mobilitatspraxis Services ArcGIS Pro Location: D - Sessions Ausstellung
Location: S - Stage/  Location: A - Sessions Location: B - Sessions Location: C - Sessions Chair: Hermann Klug
Biihne Chair: Sabine Timpf  Chair: Dirk Tiede Chair: Stefanie Chair: Martin
Chair: Josef Strobl Obmann Sudmanns
short, 2-minute pitch
presentations by poster
authors
12:00pm  A24: Lunch Break / B24: Lunch Break / C24: Lunch Break / D24: UNIGIS N24: Networking /
- i i i get.together Netzwerken
1:00pm Location: A - Sessions Location: B - Sessions Location: C - Sessions Location: D - Sessions Location: N -
Networking /
Netzwerken
1:00pm A25: Mobilitat: B25: Von Daten zu C25: Workshop: D26: Workshop: Wie  E25: EXPO Time
- ierung und (Geo-)i ‘mation - A mit gut kennen Sie lhren  Location: E - Expo /
1:45pm Analyse Datenextraktion 7 Themen x 10 Markt? Sind auch Sie Ausstellung

) GIREE

Location: A - Sessions
Chair: Martin Loidl

Location: B - Sessions
Chair: Peter Mandl

Minuten GIS-
Kaleidoskop
Location: C - Sessions
Chair: Frank Kutter

auf der Suche nach
neuen Kunden? —
Marktanalytik mit
WebGIS zeigt lhnen
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2:00pm
2:45pm
3:00pm

3:45pm

4:00pm

4:45pm

A26: Mobilitat: Bicycle Observatory

Location: A - Sessions
Chair: Martin Loidl

§27: GI_Forum Intro  A27: Die
Location: S - Stage/  Mobilitatswende
Biihne messen.

Chair: Adrijana Car

AR AR

Lo

ion: D - Sessions
Chair: Norbert

Hackner-Jaklin

B26: Plattformen und Services (1/2)

Location: B - Sessions

Chair:

Chair: Stefan Kollarits
A28 GI_Forum Opemng Keynote Monlca STEPHEN:!

Medla"
Location: A - Sessions
Chair: Robert Vogler

Date: Wednesday, 08/Jul/2020

9:00am

9:45am
10:00am

10:45am

11:00am

11:45am

12:00pm
1:00pm
1:00pm

1:45pm

2:00pm

2:45pm
3:00pm
3:45pm
4:00pm

4:45pm

5:00pm

S:A-Spm

6:00pm

6:45pm

C31: Keynote: Tim COLE:

Services (2/2)
Location: B - Sessions
Location: A - Sessions Chair: Matthias Moller

Data &
and Incivility in Social

latthias Moller

= AR AT TR B (£

C€26: Workshop: Einfiihrung OpenStreetMap
und humanitéres Mapping (1 von 2)
Location: C - Sessions

Chair: Jakob Miksch

B27: Plattformen und C27: Workshop: OSM
- Humanitarer
Mapathon (2 von 2)
Location: C - Sessions

Chair: Jakob Miksch

Location: C - Sessions
Chair: Michal Frankl

§32: Round Table EQin
action:

A32: Daten in der

academia, businesses and
administrations

Location: S - Stage / Biihne
Chair: Stefan Lang

Chair: Dirk Tiede

A33: AGEO "Stories of
Success”

Location: A - Sessions
Chair: Gernot Paulus

A34: Lunch Break /
Mittagspause
Location: A - Sessions

$35: ITG: Position und
Umgebung:
Erfahr von

Location: A - Sessions
Chair: Martin Sudmanns

B33: EO Day
Location: B - Sessions
Chair: Dirk Tiede

B34: Lunch Break /

B32: Karten

E28: EXPO Night
Location: E - Expo / Ausstellung

C32: &

fiir vernetztes und
automatisiertes Fahren
Location: B - Sessions
Chair: Karl Rehrl

C33: Remembrance:
Databases and
Visualization
Location: C - Sessions
Chair: Wolgang
Schellenbacher

€34: Lunch Break /

Location: B - Sessions

B35: EO Day: GEOBIA

Location: C - Sessions

C35: Remembrance:

Geomedia
Location: C - Sessions
Chair: Thomas Jekel

D33: Workshop: Hohe
Geschwindigkeit bei der
Erfassung, Verarbeitung
und Bereitstellung von
Laserscandaten

Location: D - Sessions
Chair: Nikolaus Studnicka

D34: Lunch Break /

ing, teaching and researching the Holocaust through GIS"

D32: Workshop: BIM und
GIS - Das Beste aus zwei
Welten wéchst zusammen
Location: D - Sessions
Chair: Frank Kutter

E33: EXPO Time
Location: E - Expo /
Ausstellung

N34: Networking /

Location: D - Sessions

D35 Workshop
n die

Summer School

(112)

g
Location: $ - Stage / Biihne
Chair: Manfred Mittlbock
Chair: Walter Haas

Chair: Rainer Steindler
A36: aGEOBoX

Location: A - Sessions
Chair: Gernot Tutsch

$§37: EO Day: Opening
Christian-Doppler Labor
Location: S - Stage / Biihne
Chair: Stefan Lang

Chair: Dirk Tiede

Location: B -
Chair: Barbara Riedler
Chair: Stefan Lang

B36: EO Day: GEOBIA
Summer School

Location: C - Sessions
Chair: Uwe Schulze

€36: Workshop:
i - How to

Verwaltung von Geodaten
in der PostgreSQL
Datenbank mit PostGIS
Location: D - Sessions
Chair: Jorg Thomsen

D36: Workshop:
4 i Earth

Presentations (2/2)
Location: B - Sessions
Chair: Barbara Riedler
Chair: Stefan Lang

A37: Workshop: ArcGIS
Urban & CityEngine
Location: A - Sessions
Chair: Till Schmid

$38: EO Day: Opening Christian-Doppler Labor
e

Location: S - Stage / Biihn
Chair: Stefan Lang
Chair: Dirk Tiede

teach Jewish history with
digital aid

Location: C - Sessions
Chair: Carmen Bisotti

C37: Panel: Remembrance
& Geomedia

Location: C - Sessions
Chair: Thomas Jekel

Datacubes: Concepts,
Standards, Services
Location: D - Sessions
Chair: Peter Baumann
D37: Workshop:
Entwicklungsplattform
UML Salzburg

Location: D - Sessions
Chair: Manfred Mittlbock

Location: N - Networking /
Netzwerken

E35: EXPO Time
Location: E - Expo /
Ausstellung

GEOHUM (Geospatial and EO-based humanitarian technologies) | Relevance for NGO partner Doctors Without Borders (MSF) | Academic guest
intervention (Prof. Sébastien Lefévre, University of South Brittany) ,Machine deep learning for EO applications”

B39: EO Day Joint Keynole Anne MIGLARESE:

A39: Poster Session (2/2)
Location: A - Sessions
Chair: Martin Sudmanns
Chair: Hermann Klug

short, 2-minute pitch presentations by poster authors

A40: Poster Session: Discussions

Location: A - Sessions
Chair: Hermann Klug
Chair: Martin Sudmanns
Discussion of poster pitches

Date: Thursday, 09/Jul/2020
$40: Ankommen auf der AGIT 2020

8:45am

9:00am

9:00am

9:45am
10:00am

10:45am

Location: S - Stage / Bithne

$41: Keynote: Michael ADLER: "Nudging, Framing, Storytelling - Wie

Location: S - Stage / Bithne
Chair: Bernhard Zagel

A42:
Gi

m Location: C -

C42: Spatial Ci

nship

Space”

Location: B - Sessions
Chair: Adrijana Car
Chair: Lorenz Wendt

for Land, Sea and

D42: Workshop:
fur den

Location: A - Sessions

Chair: Thomas Jekel

Chair: Andreas Unterluggauer

einfachen Aufbau von
WebGIS Anwendungen

2ur motiviert"
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Location: D - Sessions
Chair: Jorg Thomsen

D43: Young Researcher
Corner: Experience
Sharing

Location: D - Sessions
Chair; Andreas
Petutschnig

Chair: Dana Kaziyeva
Chair: Mona Bartling
D44: Lunch Break /

Location: D - Sessions

D45: Young Researcher
Corner: Dialogue with a
Keynote Speaker
Location: D - Sessions
Chair: Hannah Augustin

E43: EXPO Time
Location: E - Expo /
Ausstellung

N44: Networking /
Netzwerken

Location: N - Networking /
Netzwerken

E45: EXPO Time
Location: E - Expo /
Ausstellung

Temporal Analytics and GI

Chair: Anna Kovacs-Gyori

B48: Keynote: Orhun AYDIN: "Spatial Solutions to
World’s Complex Problems: The Rise of Spatial Data

11:00am  A43: ium - B43: Digi ierung & C43: Spatial Citizens
- Ein Bildung: ipati Science
11:45am  Werkzeug zur Arbeit mit Location: B - Sessions Location: C - Sessions
Verkehrsgraphen Chair: Robert Vogler Chair: Sabine Hennig
Location: A - Sessions
Chair: Karl Rehrl
12:00pm  Ad44: Lunch Break/ B44: Lunch Break / C44: Lunch Break /
- Mittagspause Mittagspause i
1:00pm Location: A - Sessions Location: B - Sessions Location: C - Sessions
1:00pm A45: Forum: Mobilitat in B45: Digitalisierung & C45: Ad in
- Bewegung (1/4) - Vortrige Bildung: Grundlagen und Environmental GIS
1:45pm Location: A - Sessions Konzepte Location: C - Sessions
Chair: Martin Loidl Location: B - Sessions Chair: Gudrun Wallentin
Chair: Robert Vogler
2:00pm A46: Forum: Mobilitét in B46: Workshop: C46: Advances in Spatio
- (2/4) - Di digitaler
2:45pm Location: A - Sessions Lehr4Lernformate fiir eine Technelogies
Chair: Martin Loidl miindige Nutzung digitaler Location: C - Sessions
Geomedien in der Chair: Clemens Rudolf
geografischen Havas
Lehrkraftebildung Chair: Bernd Resch
Location: B - Sessions
Chair: Uwe Schulze
3:00pm AAT: Forum: Mobilitit in B47: Workshop: C47: GIS Modelling and
- Bewegung (3/4) - Vortrage Geodatenharmonisierung Planning in Urban
3:45pm Location: A - Sessions mit hale studio Contexts
Chair: Stefan Krampe Location: B - Sessions Location: C - Sessions.
Chair: Thorsten Reitz Chair: Sabine Hennig
4:00pm A48: Forum: Mobilitat in Bewegung (4/4) - Diskussion
- Location: A - Sessions
4:45pm Chair: Stefan Krampe Science"
Location: B - Sessions.
Chair: Josef Strobl
4:45pm $49: Farewell & auf Wiedersehen auf der AGIT 2021
- Location: S - Stage / Bithne
5:00pm

Date: Friday, 10/Jul/2020

C62: Break-Out Group 3
Location: C - Sessions
Chair: Martin Treiblmayr
Chair: Clemens Rudolf

9:00am $51: Youth Forum: ays to Digital Earth (L
- Location: S - Stage / Bithne
9:30am Chair: Thomas Blaschke
Chair: Josef Strobl
9:30am AS52: Break-Out Group 1 B52: Break-Out Group 2
- Location: A - Sessions Location: B - Sessions
11:30am Chair: Sabine Hennig Chair: Anna Kovacs-Gyori
Chair: Erika Blaschke Chair: Thomas Strasser
Havas
11:30am AB3: Plenary Discussion
- Location: A - Sessions
12:30pm Chair: Josef Strobl

Chair: Thomas Blaschke
Chair: Erika Blaschke

Contact and Legal Notice - Contact Address: office@agit.at
Privacy Statement - Conference: GI_Week 2020

D52: Break-Out Group 4
Location: D - Sessions
Chair: Hannah Augustin

E52: Break-Out Group §
Location: E - Sessions
Chair: Thomas Blaschke

Chair: Omid Ghorbanzadeh Chair: Josef Strobl

Mobile View [J Print View &

Conference Software - ConfTool Pro 2.6.132+TC
© 2001 - 2020 by Dr. H. Weinreich, Hamburg, Germany

B 1. Gl Week 2020 ¢ &k 4%

agit2020
2. OlWeek2020

Veranstalt Universi

Virtuelle Welt der Veranstaltung
Wo ist was?

Gl Forum

®l 2. Gl Week 2020 Virtual Conference ¢ % i¢ * —‘F‘f o w

287



Pt 109 E B = AR AR T AT A Hs Bl it a

AL € 3k = % £ = - Keynote Speech :
1. %- 3%
A. é&—’ﬁ: Monica STEPHENS
B. ¥ i~: University at Buffalo (SUNY), USA
C. 4z p : Data & Deception: Geographies of Misinformation and Incivility in
Social Media
D. # % https://youtu.be/b3Hprel6FgM

E. M7 2t B HEHRAA S By 07 A T A R0 0 AR A
FEFRABFREN T ERIFTRADFI TR EHZFTAD
RSB R

2. %%

A. 3 Orhun Aydin
B. X i~:ESRI, USA
C. 42 P : Spatial Solutions to World’s Complex Problems: The Rise of Spatial
Data Science
D. # %! https://youtu.be/8S7TMxV34p w
E. p%: LL%&@’ HEMESESRICPFEZR TR, 7> %2 &
e PR EFY L ZRE %‘W@sq* °

¥
I ok B
Sf;

A. ;ﬁ‘_—*ﬁ:Tim Cole

B. H i: University of Bristol, Vereinigtes Konigreich

C. 4% P : Remembrance and Geomedia: remembering, teaching and
researching the Holocaust through GIS

2 5 https://youtu.be/6aYIVQYMIUM

D. P %t BATWAR 4 v AL HEAE S 4B EL R RO BE P

ORGSR AEIAAMRE Ty A ST E e 7
1 %-%

A. 3 Prof. Dr. Jurgen DO LLNER
B. H i~: Hasso Plattner Institute
C. %z p : Geospatial Artificial Intelligence: Potentials for 3D Point Clouds
D. p7F: B3 wART Al P a0 g TRt B (B 3) > TiF r’v’#’”‘i =
ﬂ&ﬁ ﬁvGeoAI*/gU I ERZ M2 ARG L S gk € gk
T EERIRTAGEE E%%m&TfEfﬂgi}i,{ﬁ’T}g:l’::,s%ﬂ

ﬁ:ﬂ’] Ep f?—%M BIM z = 8.2 5 GeoAl B * o
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Basic Conceptual Difficulties o B
What is intelligence? Controversial Assessments

® Human intelligence ® “Alis going to amplify human intelligence not replace it, the
e Natural intelligence same way any tool amplifies our abilities.”

(Yann LeCun, Turing Award 2018)

® “The biggest misconception around Al is that people think
we're close to it”
® Dark side of intelligence (Prof. Gary Marcus, NYU)
Ll
“It’s a glorified signal processing tool, but it can be super
beneficial.”
(Prof. Max Welling, U of Amsterdam and UC Irvine)

® Artificial intelligence
® General-purpose intelligence

“Alis already used in many systems in society. ... They just
don’t look like people expect.”
(Elizabeth Ling, Elsevier)

Geospatial Artificial Intelligence: Potentials for 3 Point Clouds Prof. Dr. Jiirgen Diliner

Bl 3. Al e 8 3 47

% =

#-F 1 Anne MIGLARESE

H i~: Radiant Earth Foundation

42 P : Innovation in Geospatial Analytics for Land, Sea and Space.

PO B RF AR T SRR s € B R (R 4) 0 2 IRERBIF R
B ifd cn 50 E 0 AEIpand B A EZ 2 EF ke g Feo
R ATE AR 2 T O Fogp 0B e HIR BRI R o TdH T
B i foRTE A R £ o

o« Radiant Earth

Foundation

Earth Observation
Satellites

4 - \ Y
‘ o <7
179 J <l
.
Dromatic
increose in New Solutions

20052014 20152024  'mogery supply

g XN
X

CHALLENGE JOPPORTUNITY> SOLUTIONS

31

Bl 4. ¥ TRELR P § 2 PR
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(2)ISPRS 2020: Virtual Event
(http://www.isprs2020-nice.com/index.php/virtualevent-2/)

ISPRS 2020: Virtual Event o R " iz il € 2 5 g #F # & ¢ (The
International Society for Photogrammetry and Remote Sensing, ISPRS) #7231 % » %
Convid-19 2258 » ¢ & £J¢_ISPRS Congress 2020 3 #5241 1 € k(%] 5) > #* € &
FiFpFrwer il e 8T S22 - o KB & RF ERzER SRR R
B ORIBATERRAL > A2k Bl E 2 SRFRAEREY L EEEE T E 2
— o AFZM 3R 202087 31 pA2T 97 2p 20 SH 3R REG AT
BH= > CEEHYBFEH188 5 o 2 2 kg iEA 8 Y (Deep Learning)ip B e
v 5248 (Fh2 34 12%) v LRAEEY aiubpliB I RHE R -

PHOT QGR M@NB‘ RE'MOWENS,

] 5. ISPRS 2020 F % # @]

§FRP HAFEIAM G FEAF LR heT
1. % - #(® 6)

A. # : Hassanzadeh, Shahraji Mohsen

B. H i~: Laval University, Canada

C. % P : Analysis of systematic errors of mobile LIDAR systems: a simulation
approach

D. M E: AT AR D A KR M EPE R
BRI R S BN HRE 2 3R W ETE S kg o
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L L - *
PRIl UNIVERSITE “’Ql CENTRE DE RECHERCHE

Faculté de foresterie, e géographie »
et de géomatique

ANALYSIS OF SYSTEMATIC ERRORS OF MOBILE
LIDAR SYSTEMS: A SIMULATION APPROACH

Presented by

MOHSEN H. SHAHRAJI, Ph.D. Student
Département des sciences géomatiques, Université Laval

Co-authors

CHRISTIAN LAROUCHE, Associate Professor
Département des sciences géomatiques, Université Laval

5 MARC COCARD, Associate Professor
Département des sciences géomatiques, Université Laval

%] 6. Analysis of systematic errors of mobile LIDAR systems: a simulation approach

2.

E.
F.
G.

3% & B

=3 (B7)

#% 1 Nakano, Kazuya

H +: AERO ASAHI CORPORATION, Japan

42 P . On practical accuracy aspects of unmanned aerial vehicles equipped
with survey grade laser scanners

NED RABRE AR R A BEREE T AT HRE SR
EAWEE KB RFR S 20 FHRA T fuE )3t 100 2
RO Bk g ki i o VOB 2cm ) 4om e 93K o

On Practical Accuracy Aspects of
Unmanned Aerial Vehicles Equipped with
Survey Grade Laser Scanners

Contents
. Introduction
. Derivation of formula for theoretical values
. Equipment used for the evaluation

NAKANO K., TANAKA Y., SUZUKI H. ;
3
4. Data acquisition
5
6

AERO ASAHI CORPORATION

HAYAKAWA K., KURODAI M.

HAZAMA ANDO CORPORATION . Performance evaluation

. Discussion
7. Conclusions

] 7. On practical accuracy aspects of unmanned aerial vehicles equibpéd'\'/vith

3.

A.
B.

survey grade laser scanners i 3F # [

% = 3(R® 8)
#-+  Gautier, Jacques
H =: LASTIG, Univ Gustave Eiffel, ENSG, IGN, France

Ccanse 201
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C. & p : Visualizing 3D climate data in urban 3D models

D. M %1 s F 32 BREGRAEHF ®OPFES L2
BEZEOREFF > AT HIRE T L E IR
P g2 307 3= A ehgp 5 B O o

E I

3 ﬁi:,grs—r% T =
P A A

N

(.:u(‘)lilti!;t & Objectives

Visual analysis of urban climate phenomena

Fuladiu, 2018

B Urban heat island: :
higher temperatures in cities than E
in rural areas (Ramyar et al., 2019) i

B Ground artificialization

m Population density = 2 -— Dt .
Rural Suburbon Commere rcial City Urbon Park Suburban Rurol
Residential Residenhal Resdenhal Farmiond

M Climate models allow simulating climate data in urban environment (veso-nw; Tes)

B Expectations from climate scientists for co-visualization of climate and urban data:
B Contextualizing simulated climate data
® Identifying inconsistencies in simulated climate data
® Visualizing relationships between climate and urban morphology
m Estimating possible evolution of urban heat islands

1] 8. Visualizing 3D climate data in urban 3D models i 37 # &

4. % 5(F9)
A. %iﬂ‘ﬁ: Xia, Yuanxin
B. X i~: DLR - German Aerospace Center, Germany
C. 4z p : Dense matching comparison between classical and deep learning
based algorithms for remote sensing data
D. MZE: W“HRBAESGM 2 2R 5 Y GA-Net F2if7 fediitr F % u RS
#E3"R GA-Net tH3f iJ2 ¢ vb 18 52 SGM 4% & { 47 e % > gt b GA-Net
3 - Rz i S i koo
Dense Matching Comparison between Classical and
Deep Learning based Algorithms for Remote Sensing
Data
Yuanxin Xia, Pablo d’Angelo, Jiaojiao Tian, Peter Reinartz

Photogrammetry and Image Analysis, Remote Sensing Technology Institute,
German Aerospace Center (DLR)

XXIVth ISPRS Congress (August 31 - September 2, 2020)

s

o ; . ) _
o EKaowietge for Igmo_rrovv

X

edl A 1

] 9. Dense matching comparison between classical and deep learning based
algorithms for remote sensing data fi 37 #* ]
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5 % 7 ¥(® 10)

A. é&—*ﬂ‘: Menna, Fabio

B. H =: FBK Trento, Italy

C. % p : Mitigating image residuals systematic patterns in underwater
photogrammetry

D. P73 TR KTER AN P4 KT ERFALGTLE
SR SRR S AU ) ",ﬁiﬁi?‘]% gL > nEA LT EREZ
Bl R e

=i

MITIGATING IMAGE RESIDUALS SYSTEMATIC PATTERNS
IN UNDERWATER PHOTOGRAMMETRY v

Fabio Menna?, Erica Nocerino?, Serkan Ural?, Armin Gruen? (Aix Marseille

3D Optical Metrology (3DOM) unit, Bruno Kessler Foundation (FBK),
- Trento, Italy = fmenna@fbk.eu
14 @Lis

LIS UMR 7020, Aix-Marseille Université, CNRS, ENSAM, Université De Toulon, Marseille,
France - erica.nocerino@univ-amu.fr
: < A R
m & Institute of Theoretical Physics, ETH Zurich, 8093 Zurich, Switzerland
frrey — sural@phys.ethz.ch, armin.gruen@geod.baug.ethz.ch W

WG I1/9: Underwater Data Acquisition and Processing

£ 2. = 196
4 -
" B 98
! - e S
Ay Yy 00 |
2 “ -10.3

B 10. Mitigating image residuals systematic patterns in underwater photogrammetry

6. %~ 3(® 11)

A. éi‘ﬁ:Weber, Immanuel

B. H =: University of Applied Sciences Koblenz, Germany

C. %Z p :Learning with real-world and artificial data for improved vehicle

detection in aerial imagery
D. P 3 FREVZEFIVRFT AT HIRY 2 4

|

=

f e |
=

FREE B AL A LN VR o FR 5 B R BRI 2B
Polfor RV RS AHE S FREP R L L LR L R

Ve okt A
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/.

Learning with real-world and artificial data
for improved vehicle detection in aerial imagery

Immanuel Weber?, Jens Bongartz?!, Ribana Roscher?

luniversity of Applied Sciences Koblenz, AMLS, Remagen, Germany
2|nstitute of Geodesy and Geoinformation, University of Bonn, Germany

XXIV ISPRS Congress - Virtual Event
09/01/2020

Bl 11. Learning with real-world and artificial data for improved vehicle
detection in aerial imagery {j 37 # %]
7. % - 3(® 12)
A. #+: Gigli, Leonardo
B. H =: Mines ParisTech, France
C. %% P :Road segmentation on low resolution lidar point clouds for
autonomous vehicles
D. M F: 27 44 Velodyne i34 p B2 MR REZ > H NP RIZ A
B2 AP PE S0 FPERG 0 T U-Net Efpesd] > £F
Bv AT At B HRZ AR

ROAD SEGMENTATION ON LOW
RESOLUTION LIDAR POINT CLOUDS FOR

AUTONOMOUS VEHICLES

Leonardo Gigli, B Ravi Kiran, Thomas Paul, Andres Serna, Nagarjuma Vemuri,
Beatriz Marcotegui, Santiago Velasco-Forero

isprs \Ws N %@L 9@®

[Py ParisTech

] 12. Road segmentation on low resolution lidar point clouds for autonomous
vehicles f§ 3% £

8. % ~3(® 13)
A. éﬁ‘_ﬁ: Sothe, Camile
B. H i=: McMaster University, Canada
C. 4z p : Evaluating a convolutional neural network for feature extraction and

Ccanse 204
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tree species classification using UAV-hyperspectral images
D. p%: ﬁAﬁakﬁw%ﬁ%*”%##ﬁﬁw’wP Ea S
BRBEYETHASE > B 2 IFREY AT SR KT
BN EABTIREITAES P B REPGTRES FRAE DF T
TR LA o
ispis [1f 44,

Evaluating a Convolutional Neural Network for feature extraction and tree
species classification using UAV-hyperspectral images

C. Sothe, L. E. C. la Rosa, C. M. de Almeida, A. Gonsamo, M. B.
Schimalski, J. D. B. Castro, R. Q. Feitosa, M. Dalponte, C. L. Lima, V.
Liesenberg, G. T. Miyoshi, A. M. G. Tommaselli

‘‘‘‘‘ EDM Univers
. DO ESTADO DE MACH w
SANTA CATARINA =

-

u LHI?EI?\E INPE unesp E ! ' FONDAZlONE \k \1 l\lt‘

B 13. Evaluating a convolutional neural network for feature extraction
and tree species classification using UAV-hyperspectral images {3 37 # ]

ISPRS 2020 ¢ & ® “7F wh > % £ F = FIL4oT .
MO.1.1.: Mobile Mapping and Location-based Services.
MO.2.1.: Spatial Applications for Smart Cities.

MO.1.2.: LIDAR Processing and Evaluation.

MO.2.2.: Simulation, VR and Augmented Reality.
MO.1.3.: Multi Sensorial Data Processing

MO.2.3.: Spatial Data Management.

MO.1.4.: UAS: Concepts and Applications.

MO.2.4.: Advances in Spatial Information Science 1
MO.1.5.: High Precision Positioning & Mapping
MO.2.5.: Indoor/Outdoor Modelling and Geocomputation.
MO.1.6.: Robotics for 3D Mappingand Modelling.
MO.2.6.: Advances in Spatial Information Science 2
MO.1.7.: Spaceborne Sensing.

MQ.2.7.: Collaborative Crowdsourced Cloud Mapping.
MO.1.8.: Image Enhancement: Technology and Methods.
MO.2.8.: Ontology, Semantics and Spatial Data Analysis.

Ccanse 205



TU.1.1.
TU.2.1.
TU.1.2.
TU.2.2.
TU.1.3.
TU.14..
TU.2.4..
TU.15.:
TU.2.5.
TU.1.6.:
TU.2.6..
TU.1.7.
TU.2.7.:
TU.1.8.:
TU.2.8.:
WE.1.1.:
WE.2.1..
WE.1.2..
WE.2.2.
WE.1.3.
WE.2.3.
WE.1.4..
WE.2.4..

WE.15.:
WE.2.5.

WE.1.6.:
WE.2.6.:
WE.1.7..
WE.2.7..
WE.1.8.:
WE.2.8.:

Rore3n 109 & B = AR A RE S BTG A 4TS B TS

Cultural Heritage.

Advancements in photogrammetric processing.
Industrial photogrammetry.

3D & Semantics.

Photogrammetry 2020 - 1

Geospatial Machine Learning.

Education, Outreach & Youth Forum 1
Photogrammetry 2020 - 2

Education, Outreach & Youth Forum 2.

Point cloud processing.

Education, Outreach & Youth Forum 3

3D mapping.

Education, Outreach & Youth Forum.

Image orientation.

Dynamic Scene Analysis.

Hyperspectral Image Processing.

Disaster Assessment, Monitoring and Management.
Microwave & Lidar Remote Sensing.

Planetary Remote Sensing and Mapping.

Planetary Remote Sensing and Mapping

Remote Sensing Data Fusion.

Remote Sensing of Atmospheric Environment.
Agriculture and Natural Ecosystems Modelling and Monitoring
Thematic Information Extraction-1

Thematic Information Extraction- 2.

Remote Sensing Data Quality.

Disaster Assessment, Monitoring and Management
Change Detection & Disaster Management.
SAR-based Surface Generation and Deformation Monitoring.
Landuse and Landcover Change Detection.
Environment and Health.
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(3)IGARSS 2020: Virtual Symposium (https://igarss2020.org/)

IEEE International Geoscience And Remote Sensing Symposium (IGARSS) =
IEEE Geoscience And Remote Sensing Society (IEEE GRSS) #1 # y#1R " # 31 ¢ >
HAlpepfd ¢ oL E2 AX S HE PR ERFREE ML - X FE
A E 73 € 3 42 27 Remote Sensing: Global Perspectives for Local Solutions 4 °
XA NRE ) MEERTIAL g3k g3&p 2020 £ 9 7 26 P41 10
T2Pp A AT RET )3 175 3= > v EBEehe F £ 91801 F »h~ ik E
B AEZ SRRRIE AR

?] 14. IGARSS 2020 f ## @

“ﬁ% 7 Keynote Speech #F » A=t ¢ XA+ B %N (B 15)* sp 3 & 38 |EEE
GRSS e€ & pfE38 > 4o Fellowship & - % £ eh= 3 Keynote Speech » 4 & & w £
B NASA - ;£ 4|17 GeoScience Australia ~ % 3 1 § = & » &= Hig# L B4
Srakppavg B -BigEarthData 2 § = % /3 § o feiys T g b 2 B8 et
IARIE ST

1. Dr. Karen St. Germain (Director, NASA Earth Science Division): “Earth
System Science: Understanding and Adapting to our Changing Planet”.

2. Dr. Stuart Minchin (Director-General, The Pacific Community(SPC)):
“Digital Earth Australia, Africa and Pacific: Big Earth Data for Sustainable
Development”.

3. Dr. Haunani Hi’ilani Kane (Postdoctoral Fellow, University of Hawaii):

“Voyaging to our Kupuna islands: What do they tell us about climate change”.

;‘ﬁnternal allGeosciencesand dmme§‘£\
4 .

Scptember?ﬁ Dct ber?2; ?Mﬁ- i nummvnsl

Openmg Ceremony Agea

Opening Remarks Dr. William Emery
IEEE President Remarks Dr. Toshio Fukuda
GRSS President Remarks Dr. Paolo Gamba
Plenary Session Dr. Karen St. Germain

Dr. Stuart Minchin
Dr. Haunani Hi'ilani Kane

|EEE Fellows & GRSS Major Awards  Dr. Alberto Moreira & Dr. Paolo Gamba

Closing Remarks Dr. Willliam Emery @ IE E E

B 15. IGARSS 2020 ¢ :# B ¥ k4%
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%0 B AR A8 175 Hemh v B AR 0 AME FHIEA T A F
SN LB H R T s A 1AFEE S 1AL A R L o IGARSS 2020
§HRY P A AT RN SEEY M h Y A Z I e

1. % - #(F 16)

‘‘‘‘‘

Advances in EO Analysis Platforms:
Cloud Native APIs, Encodings, Containers
George Percivall

CTO, Chief Engineer - OGC

IGARSS 2020

The world’s leading and comprehensi
ity of experts making I ion information: o 3

A
B.
C.

H-=x : GeoAl and Machine Learning for GIScience

#-4 1 George Percivall

H > Open Geospatial Consortium and Namrata Chaudhary, Penn
State University

42 p . Exploitation of Earth Observations: OGC contributions to
GRSS Earth Science Informatics

PED O BRAUTAEA B OGC i fy spER AT R chE d 0o 7
Bl B e~ BT RARE RS FTHE % [ £2hIE
IR BRI A A AT 2 APL UL B R TR A 4T o

Findable 6 Accessible
LS
Interoperable @ Reusable

] 16. Exploitation of Earth Observations: OGC contributions to GRSS Earth

2.

)63

[

31

oo w>»

m

Science Informatics # 3% # ]

¥ 2 3-(® 17)

=1 : Deep and Semantic Learning for Object Detection

# 1 Liyuan Qing

¥ i>: University of Waterloo, Canada

2 P . AUTOMATED DETECTION OF MANHOLE COVERS IN
MLS POINT CLOUDS USING A DEEP LEARNING APPROACH
PED SRR AGR Y PIE D RERT R I
Y R EZREA o S FREY AR5
3 oo = 95%2 1P| o

298



poFciR 109 & B = AR %A R A dr P B ik

Automated Detection of Manhole
Covers in MLS Point Clouds Using
A Deep Learning Approach

Liyuan Qing?, Ke Yang?, Weikai Tan?, Jonathan Li**2, Senior Member, IEEE

1Department of Geography and Environmental Management, University of Waterloo
2Department of Systems Design Engineering, University of Waterloo

FACULTY OF 200 University Avenue West Waterloo, ON, Canada N2L 3G1

ENVIRONMENT  “Corresponding author: junli@uwaterloo.ca

& 17. AUTOMATED DETECTION OF MANHOLE COVERS IN MLS POINT
CLOUDS USING A DEEP LEARNING APPROACH 4 35 # [

g UNIVERSITY OF

 WATERLOO

3. % 3 5(F 18)

=% . Learning and Transformation for Image Classification

#- : Jingzhou Chen

H i~ Zhejiang University, China

4% P : Multi-Label Remote Sensing Image Classification with
Deformable Convolutions and Graph Neural Networks

NE Y S fRAE R S R & (Multi-label) i B s SERE
TR P aE S p 2R i R iR - - AT §
A5 % #% (Deformable Convolution) £ B 254 5 4 % (Graph Neural
Networks)m‘%“rﬁ # > ¥ 41* UC-Merced {f- DOTA #c¥z # &

gL ,,ﬁém}z Bt o

oo w>»

m

Multi-Label Remote Sensing Image
Classification with Deformable
Convolutions and Graph Neural Networks

Yingyu Diao, Jingzhou Chen, Yuntao Qian

B 18. Multi-Label Remote Sensing Image Classification with Deformable
Convolutions and Graph Neural Networks f 47 # ]
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4. % 4 3(® 19)

=% . Learning and Transformation for Image Classification

#- 1 Yuansheng Hua

¥ i~ German Aerospace Center & Technical University of Munich
47 p . Learning multi-label aerial image classification under label
noise a regularization approach using word embeddings
NEDSFTEHEY T REERIREGA LFRE Y R &
- fAA e Bicdy (noisy data)? F 5 RS A g F o G RR
Ap B #+1 B] i+ (label correlation regularization, LCR)- P =3 A 82 1§
7 R4 4 2 (label noise)enfi-im ™ Y > R F § 4 LR Ha
B LR AT P EALR L %"#ﬁﬂ #oag u iﬁ%fr % (prior
knowledge) ¥t 7 ipl = % i& {7 & Bl > 1% 5 4 » (word embedding)
gL 0 @ % p AR 3 a2 (natural language processing, NLP)#-7]
e PeE T4~ 7 [ (embedding space) > $t ¥k # 4p B 1218 (7 S0Af o
{5 > 41 UC-Merced #icdy & P (D)NLP #5737 * 3t 505 L %
S 2 RS AT BOTE Y B e festnidh - QR Aup M iLE
B Y dr s L FER] = S AR R e A o

0O w>»
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Learning multi-label aerial image classification under label noise
a regularization approach using word embeddings

Yuansheng Hua*3, Sylvain Lobry?, Lichao Mou®3, Devis Tuia?, Xiao Xiang Zhu3

*German Aerospace Center (DLR)

*Wageningen University
Technical University of Munich (TUM)

] 19. Learning multi-label aerlal image classmcatlon under Iabel noise a
regularization approach using word embeddings f 47 # ]
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MOZ2.R1: Land Use Applications |
MO2.R2: Advanced Flood Monitoring and Prediction for Disaster Risk
Reduction and Resilient Infrastructure
MO2.R3: SAR Interferometry |
MOZ2.R4: International Spaceborne Imaging Spectroscopy Missions: Updates
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MO2.R5: Hyperspectral Image Classification |

MO2.R6: SAR Tomography

MO2.R7: Global Satellite Capability is Key to Effective Response to All
Scales of Natural Disasters

MO2.R8: Ocean Biology, Temperature and Salinity

MO2.R9: RS of Snow and Frozen Ground

MO2.R10: Remote Sensing for Forest and Vegetation Structure

MO2.R11: Remote Sensing for Crop Monitoring, Mapping and
Classification |

MO2.R12: Urban Remote Sensing |

MO2.R13: Recent Advances in GNSS Reflectometry

MO2.R14: Time Series Analysi

MO2.R15: POLSAR / POLINSAR: Applications & Analysis

MO2.R16: Image and Data Fusion |

MO2.R17: Detection of Small Static and Moving Objects

MO2.R18: Change Detection in SAR Images

MO2.R19: Electromagnetic Scattering

TU1.R1: Land Use Applications Il

TU1.R2: Monitoring and Damage Assessment of Natural Disasters |
TU1.R3: SAR Interferometry Il

TU1.R4: Novel Active and Passive Microwave Satellite Missions

TUL1.R5: 3D Terrain Mapping / Tomographic Imaging of Forest and
lonosphere

TU1.R6: Advanced Learning Methods for Hyperspectral Classification
TU1.R7: Learning and Transformation for Image Classification

TU1.R8: Ocean Surface Winds and Currents |

TU1.R9: Ice Sheets and Glaciers

TU1.R10: GeoAl and Machine Learning for GIScience

TU1.R11: Data Fusion: Optical

TU1.R12: Change Detection in Optical Images

TU1.R13: Monitoring and Preservation of Natural Reserves and Coastal
Areas

TU1.R14: Passive Optical, Hyperspectral Sensors and Calibration 1
TU1.R15: Remote Sensing Parameters and Models for Radiation Energy
Budget

TU1.R16: POLSAR Analytic Techniques
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TU1.R17: Machine Learning for Earth Observation |

TU1.R18: Target Detection using SAR Data

TU1.R19: Clouds and Numerical Weather Prediction

TU1.R20: Student Paper Contest Finalists |

TU2.R1: NASA Soil Moisture Active Passive Mission Extended Phase
Observations and Results

TU2.R2: Monitoring and Damage Assessment of Natural Disasters Il
TU2.R3: Differential SAR Interferometry |

TU2.R4: Optical Satellite Missions |

TU2.R5: Hyperspectral Image Classification Il

TU2.R6: IEEE GRSS Data Fusion Contest

TU2.R7: Spatial Analysis, Modeling and Computing for GIScience

TU2.R8: Ocean Surface Winds and Currents |1

TU2.R9: Sea Ice |

TUZ2.R10: Remote Sensing for Forest and \egetation Structure, Health and
Growth |

TU2.R11: Remote Sensing for Crop Parameters |

TU2.R12: Multispectral Urban Remote Sensing

TU2.R13: Advances in Reflectometry with GNSS and Signals of
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TU2.R14: Advancements in the Open Data Cube and Analysis Ready Data
TU2.R15: TanDEM-X Mission Status and Science Activities

TU2.R16: Processing and Imaging Techniques

TU2.R17: Physical Modeling in Microwave and Optical Remote Sensing
TU2.R18: Detection and Segmentation using Very High Resolution Imaging
TUZ2.R19: Clouds and Precipitation |

TU2.R20: Student Paper Contest Finalists Il

WE1.R1: Soil Moisture |

WEL.R2: Monitoring and Damage Assessment of Natural Disasters I11
WEZ1.R3: Differential SAR Interferometry Il

WE1.R4: Lidar Science and Technology

WEL.R5: Advanced Clustering Methods for Remote Sensing Data |
WEL.R6: Model Inversion and Parameter Estimation

WEL.R7: Optical Satellite Missions Il

WEL.R8: Coastal Zone

WEL.R9: Sea Ice Il and Permafrost

WE1.R10: Remote Sensing for Forest and Vegetation Classification, Growth,
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and Dynamics

WE1.R11: Remote Sensing for Crop Monitoring, Mapping and
Classification Il

WE1.R12: SAR Instruments and Calibration

WE1.R13: Recent Advances in GNSS-Reflectometry: Calibration,
Coherent/Incoherent Scattering, and Land Applications

WE1.R14: Data Management and Systems |

WE1.R15: Passive Optical, Hyperspectral Sensors and Calibration 11
WE1.R16: Processing and Imaging Techniques 11

WE1.R17: Detection and Classification in Urban Environment

WE1.R18: Vessels Detection using Remote Sensing Data

WE1.R19: Clouds and Precipitation Il

WE1.R20: Processing Schemes for Hyperspectral Imaging

WEZ2.R1: Soil Moisture Related Applications

WEZ2.R2: Monitoring and Damage Assessment of Natural Disasters IV
WEZ2.R3: Spatial and Temporal Interpolation Approaches and Applications
WEZ2.R4: Space Lidar: Missions, Technologies and Observations

WEZ2.R5: Advanced Clustering Methods for Remote Sensing Data Il
WE2.R6: Ground Penetrating Radar

WEZ2.R7: Incorporating Physics into Deep Learning

WEZ2.R8: Remote Sensing Measurements of Small Scale and Submesoscale
Processes in the Ocean

WEZ2.R9: Adaptive Segmentation and Optimization

WE2.R10: Remote Sensing for Forest and Vegetation Structure, Health and
Growth 11

WE2.R11: Remote Sensing for Crop Monitoring, Mapping and
Classification 111

WE2.R12: Advances in Regression, Super-resolution and Denoising
WE2.R13: Recent Advances in GNSS-Reflectometry: Cryospheric
Applications and Novel Techniques

WEZ2.R14: Data Management and Education |

WE2.R15: KOMPSAT and New Space SAR Instruments and Constellations
WEZ2.R16: Processing and Imaging Techniques I11

WEZ2.R17: UAV and Airborne Platforms Applications I

WE2.R18: Deep and Semantic Learning for Object Detection

WE2.R19: Global Precipitation Measurement Mission with Emphasis on
Coastal Observations

o 303



Rore3n 109 & B = AR A RE S BTG A 4TS B TS

TH1.R1: Soil Moisture 11
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TH1.R3: Feature Reduction by Neural and/or Spatial Characterization |
TH1.R4: Wetlands and Inland Waters |

TH1.R5: Classification Methods for SAR Data

TH1.R6: Land Cover Dynamics |

TH1.R7: Target Detection Il
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Applications
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TH2.R12: Advanced Remote Sensing Data Analysis for Sustainable
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TH2.R13: Radio Frequency Interference (RFI) in Microwave Remote
Sensing
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TH2.R14: Data Management and Systems |

TH2.R15: ALOS-2/-4

TH2.R16: Remote Sensing in the Energy Industry: A Tool to Monitor
Environmental Footprints and Reduce Risks

TH2.R17: Global Sensing through New Observing Strategies for Local
Solutions

TH2.R18: Hyperspectral Unmixing

TH2.R19: Satellite Remote Sensing of Atmospheric Composition:
Algorithms, Applications, and Process Studies |

TH2.R20: Detection of Objects in Complex Environments

FR1.R1: Soils and Hydrology

FR1.R2: Machine Learning for Earth Observation Il

FR1.R3: SAR Polarimetry: Theory and Applications

FR1.R4: Wetlands and Inland Waters I1

FR1.R5: Networks and Time Series Methods for Remote Sensing

FR1.R6: Image and Data Fusion Il

FR1.R7: Data Fusion: The Al Era
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Zone

FR1.R9: Processing and Imaging Techniques 1V
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FR1.R11: Remote Sensing for Crop Parameters 11

FR1.R12: Unmixing and Anomaly Detection
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FR1.R15: UAV and Airborne Platforms Applications Il

FR1.R16: Processing and Imaging Techniques V

FR1.R17: Machine Learning for Multitemporal Image Analysis
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FR1.R19: Satellite Remote Sensing of Atmospheric Composition:
Algorithms, Applications, and Process Studies 11
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FR2.R3: Object Detection and Segmentation
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FR2.R10: Topography, Geology and Geomorphology Il

FR2.R11: Remote Sensing for Crop Parameters I11

FR2.R12: Target Detection |
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The Development of Intelligent Tide Analysis
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Abstract
Tide is a significant phenomenon which has well-known causing mechanism.
That is, the astronomical body attraction due to gravity. For this reason, harmonic
analysis has been widely applied for tidal analysis. Although there are still
developments especially in software packages for tidal analysis, the theoretical
foundation is well established. However, viewing from the “water level” aspect,
astronomical attraction is not the only force of tide. The weather caused water level
change could be dominant in a relatively short time period. And, the terrain effect is
frequently difficult to be processed with harmonic analysis as well, particularly in
shallow water area. In recent years, artificial intelligence has been applied for
resolving this problem. This paper reviews the current development of this subject.
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1. Lee & Jeng (2002)
A dFE R F 5 @ YEagAd &5 % B (The back-propagation neural network,
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2. Steidley et al. (2005)
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4. Dingetal. (2010)
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5. Li,etal. (2018)
Pe- PR A A LR RERIETERITE R PR R E I B RS
FUp bz EURIE R * R AR S Hﬂ(feedback neural network) » 1
300 % z gLp| £ iETH > 12 65 X BTk o P D AT AEIRAE S PREL o
6. Liuetal. (2019)
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Ding, Yongsheng, Hua Han, Fengming Liu, 2010. Intelligent integrated data
processing model for oceanic warning system, Knowledge-Based Systems, 23 (2010)
61 - 69.
Lee, T.L., D.S. Jeng, 2002. Application of artificial neural networks in tide
forecasting, Ocean Engineering 29 (2002) 1003-1022.
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