ISEEEIN KIS

2022 X|EAFA IojE] && H S|

gzl

olr

=
[
|'_)|'.
OR¥
=1
re
x

TerraSAR-X 4+ 2 modified U-Net2 o] 83t &4 H3} g4

F2$, #9g. ool %
1. 2449
(1) &7 Y ¥ Zes

- SIACIZO NZHO ALZOR HEDICH Ul = OIMEEA SE= S)tetn U
O, 0|2 QIstdste X R2Us U J|S #is SO=2 Liete (J2l1)
Global Temperature and Carbon Dioxide
400
58.0 380

T 360 3
= 57.5 g
S 340
@ 3
@ —
E— 57.0 320 £
o 8
=
= 300 S
S 565 o
g ' CO, Concentration o)

280 ©

56.0 260
1880 1900 1920 1940 1960 1980 2000
Year

O 1 AXF OlatstEtA =& Het 2 MXF Jl2 BXHKarl et al. 2009)

- N8 MAZBSZ ISt B 222 M Ly, el 22 401 Z4otH, Ol &t



F(Kiem

S

L)

2015

2010
: EM-DAT 2014)

2005
J

PS

=
=

PNAN

2

2000

H

(=)

Year
Al

F

=

1995
g

-
£

—

1990

X0
=

1985

1980
d8 2 8 Al

SJUSAD POOY4 JO JBqUINN

et al., 2003)

ol
5

]
=
I3
A0

o)

ak

OF
of

uwl
ol
)

<
0

K0

-
1o

=
)

—_

N
)

ZHNE 22 .(Moel and Aerts, 2011)

DN

X

=

=

ot HIoHH" 2| 88.3%

|

Ik
[=]

ol

0

- KH

X

oz, &X

2|

o
= =

0l

ol

ol A

H1 2

ol

—_

oJ

i0J

Kt
OF

00
ol
ol
20
30
X0

ok

i

z=
—

| A 40l

o

AN AHAI=O
S oS

o
+

.(Baek et al., 2020,Jo et al., 2018, Jung et al., 2007)
AAH dlold

AN O AF
(=)

7
=]

ol
0

)

<+
ioll
ur
RE

by
ol

ol
00
30

| 2 8ot 2

ol
<0

3

ol
0

0l
<

i)

<

ioll
ur
s
ol
<0
30

OF

CH Ol

F

nJ

HOIH, M9 Al

arol=2 =21t

=
—

JHX

o
i
ﬂ
Wk

0l
HH

|.

<0
&0

0

A

diolid A
Ol=at)| =201 AlZ2EOILE DI

o

)

s
o



=0 AN ¢
M 0|1 2
I /e 94a0] &2 (Schu
- mann et al.

2011)

oll

W_ (o]
| N ©
L 3 iy 85 ¢ &
K i - u v =
TS - g 3 = 0 ol B
~n 8 5 . 3 5 - 5 o < T K
T2 o5 o = > T Fo oooD
R J) D ol - = oJ [ ., W 5 KM
m —. i s (wm] (@] (@] m =) __o._ J— =
w2 R z =l 5 = - 5w or
K0 s T 2 9 5% S Al Bk = & o
] g I < o _ sl S R = % o M oy ol
i w e s g ~ il o o A 80 il w
— W = g 5 o m = 50 i 2 Wk
- = = _|r — " < = D UH
R = w8 = o ol o w o D oF = o7 B
T T fs) ol uJ < X0 ol AN op
= = g I I = 0 oS = _ & m U
B %8 @ms 0 e W I m = ST o < Y
S o = Ol <5 il IO © _ ol ] o 5 = = s 1) W
1o <0 5 ar ol 9 KF ™ ol H = Y =, m e ol 50 Ol
U Ko K o5, 2 Hoom ¥ N N om0 woom W R
hio = x £ 3 8 80 5oz o B < m S g
1]/ — 7 < 20 o) z < < S ir
=W 8y 03 o 3 = 7 < zl 1O
] M W 8 o 5y = O o o T N B R 3 R =
= o we =5 0ok 5 T omow W LU = &
0 } A 00 S g W = DY o O o KOO
30 of = o E % ™ T O o Moo W o R _ =
~ 8 M = 0 S = B = 0 = o7 Ol
oA Sz mog O mo o =2 53 i F < W
o 2 % W 5 A R o = u 50 . ]l e WIM
= o g2 g o2 ol W o g w D W C
U U o W__ ﬂ @ mg 70 vl ol m =y n +T X 9o _
2 [k g ol hoom oo P RZ o _. W g o o S 5 N
g 3l D < S ool = = 5 = s KO3 o = t o <F
o - n = ° R~ o Lo A=
& | 13 = [ o 3 % R 20 = £ % =~ X o o © 5
u ° B 0 3 Al < aT B = o= Mo 3o 3r = o] ©
= ~ 8 = w Ol oo o T 5 R o« 80 =~ 00
S 5 - ol T @© ol ) 33 o = ol Kl < A
m o S 0~ m____emw_% W@%ATm_aq_m@Sﬂ o mom
S o 25 z U >R 5w = = w o Y ks w @Y
| o - | [ KiJ o_E s iloll W ol > H =~ D o0 <0
! @ > ol =~ = e ) D T . X o &
| N ol l 0 . =
| o T %w Kl H i) =~ nJ
_ | w0 T d ar g 3 0o
| 0 =, o 0
| oo R
<
G+
o



2. "lolg Ha

(1) ¢4 X<
- Jgl3e dARXooz 0129 DIAAIIZ S922 XM 20IJt 3,767kmZ 01=0l A
SHHR 21 222 2010 HIGHA 22 S0 Xt HOM, 29 SEC 205D =2

C o=

United States of America (USA)

2

l‘fi 3 X'

Misisipi River ~_!

- HZ0 et =52 20/ Mot 2 8+ U 229 NFG22 0= 2=

SN0 2 g 2o A7 HH AE0] ?IXl S+ &4 Al 0= 2 OotLict 2 X 2ol

0R
0o
o
o

(2) ol H

- ¢ OIOIE= 2008E 7& DIAIAILIZ S0 2t =+ XNFS ERlot)| ?lof =+ &

& & =9 TerraSAR-X 918 4 F &= &

- 2008 7E 40| YA B4O0b 2N N3O FA0I0], 1520 FAS B4 LM

20l 229 trainlt testlil 8= NH2Z & AJ|2 J&S Al

=
=
= AL F=2=2 2EGHH =HO0A dl==H X HI=HUHAM =HZ &He XS0l CHoH



Range Terra SAR-X Image

Azimuth

. July.4.2008 (

a8 4 dolt 8o @2 OO0l

H 1 OO0Ie &M 32

-~ July.15.2008 (slave)

Incid
Date Mode Pass Direction Polarization heidence
Angle
2008.07.04 Stripmap Ascending vV 44 5027deg
2008.07.15 . Ascending vV 44 5052deg
Stripmap

#12 g OlH2 HEHOHE EoE

=




=
J&5= TerraSAR-X g4 &
ATE LIEHHH

0f0
o

modified U-Net=2

o
4>

om
>
o
e
Bl
X
10

&
tol

0]

(a) Data pre-processing (b) Annotation Ground Truth (c) Train the Model
Patch
SAR SLC SAR SLC Decibel Slicing
Image Image Image
(2008.07.04) (2008.07.15) l
Data
= Augmentation
Calculate Sigma Calculate Sigma Son;e;;::ls#:ir:;;aﬂon
nought map nought map l g
Median Median Inference
Filtering Filtering Water Body . Training
| | « * - Multi-Kernel
. . 2008.07.04 2008.07.15 w 7
Co-registration Water Body Water Body
i
. Median Median
Calculate Decibel Map Filtering Filtering
Performance
{ ' ! Evaluation
99% min-max norm Editing Editing
I | |
r.mmwm...lmw me.].__.mw_l
2008.07.04 2008.07.15 Ground Predicted
Truth Flood Detection Map

Decibel Image

Decibel Image

J8 5 UI0IH &Xcl 2%

- =AMHEE2 N SUEZ H0IH dX4el, dEg ate H&, [ sts 2 210 249
LE=Z L= = US

ey 2 stg2 s OIAALINYE E2012F & S AlIJIS TerraSAR-X OIOIEH & X2l

- TerraSAR-X Datag 0I26t0 AIDOIE FAS HE (OE6)

- A0 G422 SAR CHHILIZ 2 H 2AFE HIUXIJF K& AtetdI 0] SIoHA BHALE = S
2 lelIls SYAMUALHOR A4 M FUH NP SeUH0l SH UOR ¢
TR EIN

- MIAS P& HS DIt YA U W RSSOl ABRIHIL B0l A2 T2 A
A gtel Al HlWIl Jisotd, AAMERE X, EXIEEE, E2dx2 0, &=
e 2 asSsE S 2=



o0 = (ks |DN|? -NEBN ) SinBy,
ks

DN : Digital Number

: calibration and processor scaling factor

NEBN : Noise Equivalent Beta Naught ' — :
Raw Data Sigma Naught
B,OC : Local Incidence Angle

0z
0x
i
>
|J
=)

n
02
e
&
2
rir

>
Ja
iy
H
=)

g
S|
e
0!

Speckle noise= multiplicative noise™ dIZ2I2XE2 E42 UEIHWON, SAR Z4F &
S MNMotAl= 22 F9| otUZ, L0|XJF AotH ZEZN US Al 229 = 8=

XNotAlZ

Speckle noisel| &2 =0|J| ?lol YEAH & 22 HHot=0 SHEQI HCe &
HE 3x39 AJIz &

I doIHe E4 A 22 XS0 ol sttt il 228 Ao 22 sFo et

AD1Sl Sat0l /XISl XHOIDF = TH

0

S AJIY Ad Saof 2t2 ?IX2 X0 EMME BL, Ol 222 stg ds= E0HE

2l A O]
= T M

0lo

Aol MOl st AXIN =0IAH &FI ol & AEH(co-registraion)= & & (Zou et

Aot Nzt =1 Ae KNE SO0l et BHAF AsoldE 29 &2 H+Z 0l

ol

ot= cross—correlation 28 S AF=Z(chae, 2016)

SLC & W PE JIZ2 L NE &t ZAo] AARAHZ SLC G& & Mo CHoll HE =2
Ol=Al918 H A= intensity cross correlation 22 S A28, & SLC Gak2to H

fIE =FGtD, 012 01856t E&(chae, 2016)



¢ ‘-'_ Ly o 'II ‘.- "‘..«'-I-..
Unchanged master image

& 7 Co-registration &&
- G4 g2 ddset F,| Intensity SAC| gtll HHRIE Decibelz2 HHEtst JAaE MY

— Decibel Gal2 2= A)} OI&IIRZ & o=
I EHSI| 20, 0 ¥ EQl &5 XA Iis

| 2t HH & F&a ARSE 2ol 99% min—max normaliza

EU

>

-1 = &8Xc2l OOl olat

tion X el

Intensity Map

Frequency

0.5% = 05%

-

Min pixel value Max pixel value

x — min(z)

max(z) — min(zx)

!
€T =

T2 8 Decibel g4t ®&Ha), 99% min—-max & 7+3HDb)



o Fgat MA

Gl
=2

CIOIHE tigdez 2

sl

b) dxXel

Ho==H S0 H=HES HHOIE &Al

0

z
il
ca
0
&

vl

Zlvy olglxl #ojofw) M) =

=] =3
o g

CHol&

9 O

18

off O1=HI0l

| CH

S0

2= x
s M=

0

=]}
=2

S (OQg10)

ol

=
=

A dI=HES OOolE

Output

@ outputLayer

@ Hiden Layers

A Bl=HSS GIOIE

AL
e

&
-

KIr

o)

J
o2

]
o0

H

1o
00
Rr

ol

<

MIA

oI
kAl

N
)

d|

I

ol
ar
80
ol
Rl

0|

ElN
Uk

= NA2E

ol

Decibel mapit



ikl

HOIGH Ot

Joo

Ol A HI&E master &

slave), Al

A
= T

2+o] &
Ol Al =(Water to Water), S0lA E(Water to Ground), Z0lAl 2(Ground to Water)2l

sl

I slave@ A0l CHEH 2=Hl, HIZ=H mapsS Al2t =(master to

/é)l-
| H==(slave to master)22 X260 LA Z(Ground to Ground), 2

BSE UEIUFE 23S g ME (O-11)
- 012 Sl 8+ 8= 42z iz s+ ¢€d HE= Elote ZE€= MH Jis

Median
Filtering

e

Master to Slave

Ground Truth

| Slave to Master
Ground Truth

[l Ground to Ground
| [JWwater to Water

) [l Water to Ground

] Ground to Water

Ab
(=]

>

Ql St
= =

-

SR
oM HZE GIOIEE 2ol Y22 1201 A s o

— O
Of X2 A0l A2 XX EE=E NS

2Adst 2ES M

ron

Xt MZE CIOIE ol CH

= gt
=2 O

S
]

HA

=

— _I_T]_Cﬂ O|
= —

Ol

HIZsh 13528& 2 MXIE ME @XIA 2 trian 8000&, test 5528¥ 22 Lis
o0 &t

= 128 » 128 3|



X| SH
(LS

Ol =2 (Data Augmentation)

- oI &&2 Affine Transform, Random Rotationst HIOIHEZE
- HIOIE &&2 Z1 &5 datasetl &= 2HIE =¥

Patch Slicing

Data Augmentation
Train, Test Split
Training
Data 3
Patch | (8000)
Data
{13528)
Test Trg:&"g
"gg;‘;] (16000)
8 12 OI0lH IHXI Slicing ¥ && OI0lH
- Oteff 18 13 &= HAFA0M AIEE S 22 Sf50 AFEE hyperparameterE LIEHS
- 28 st5 A2 UBUNTU AWM pytorch 3 0IA &S
- Qdio ol Il=2= SAR HAl IHXI[128, 128, 2], & g2 &4 &M gl &) A
[128, 128]22 LIEtE
- J|I& U-Net2 S CIDHE A5t 20 &g 3AJ12 Convolution H&HOE XISH
- Bt A0l At | &= 3by 3, 5 by 5, 3by 3 dilated2 HE IJIE JIKXl= 3t
SHol S8 U Mol SN WS E5



- 0l2 Concatenate 6t CIZHZ &EoId MIYLEH localization0] Jisdt 2E &=
2o EYUl A= Hyperparameter= optimizer= Nadam, learning rate= 0.001 0l Af
0.00012 ZAEH al¥ L, =4lg4= Categorical Crossentroy, Batch Size= 50, Epoc
h= 10002 At
Cutput
{1I2ratap1uzta] el s
12!!12&'
BAXE4 l' tMKSI
32%32 '32)(;!2
l‘:ﬁ!‘lE 16X16 '
Convolution Block Hyper parameter
(3X3, 5X5, 3X3(dilated rate2) Optimizer Hidtam
] peconvolutionsiock
Learning rate 1e-3-> 1e-4
D Last Convolution ({Softmax)
§ MaxPooling 2X2 Loss crossentropy
I Upsampling2x2 Batch Size 50
== Concatenate
Copy and Crop Epochs 1000
J2 13 Modified U-Net
d 2¢ ds "Il € 2 24
- 85 SHE 2EO Zitl= =0l Hot Y 224 THOF ot =2 S50 225X 22
Test dataS E &5l 229 Ass Moo=z HIF (O 14)
— Test dataZ predict otd confusion matrixe Ml &
— Confusion matrix€ S0l Precision, Recall, PR_curve ¥ Fl-scoreE &=



— Precision2 &t&E 20 Qo Aoz 258 24 & AXNS Mg HE2sS UEY

—/

- Recall2 &M ZEd & s 220 2o UL 27 HIES

rr
I

- PR Curvez= 1123 Oi2t0led =& 0 ist Precision & Recallgtll HatE LIEIL

dEZ = ole HAEZ Soll HALE Average Precision gt2 Soll 24

0x
o
o
05
A
W
1

JF J2l0 F1 score= Class #=J} 208 & [ ¢ ¥&st 24

Actual
Positive Negative
@
=
- | £ True False
@ 4 Positive Positive
il a
-
G
@
=
= False True
o e Negative Negative
=
Extension of Precision-Recall curve to multi-class
Brecibtone True Positive
rechtom= True Positive + False Positive
R I - True Positive
et = True Positive + False Negative
F1s _ 2 Precision + Recall
LOre= Precision + Recall




Pyl

B!

(1) LEME0IEH M

t=l Decibel &

g3

ol

=2 =
= S

200l & Xel

S ADIS &

1156=

g

Range

July.15.2008

July.04.2008

yinwizy

ejeqg mey

ele( |2q12aQ pazijewioN

Hxel OlolE(c,d)

=
S

Z

15 Raw OI0|E{(a,b) 2t

e

— Decibel

ol
Rl

=
of
oF

LH
x

Ol AN



(2) 3Eat M=

ynwizy

o

H
wor
%0

il

- HF O



At

00
o
=%
Q)
)
ol
= =2
3z

July.04.2008

yinwizy

de asuaaju|

de Apog 121eM pa3o1pald

|:| Ground

w

w0

o)

Sl
=S

AJIS 22 =

=
=2

FOl XItH Ol

Al2

Ki0
E

ol
ok

3

ok
<+

A0

oJ

OFf



(3) g HAs "Il ¥ Inference 21 Hln 224
- ?_nl_-}\-l =

e

or
0&

2 JéEI:I-I

J 21

=

st5E 892 Precision, Recall, PR_curve J12l1 Fi-scoresS

AHo=Z

2
H)E MA

Value Ground to Waterot; Ground to Water to Total
Ground Water Water Ground
Precision 0.986 0.995 0.934 0.917 0.958
Recall 0.997 0.947 0.929 0.962 0.959
F1l—score 0.992 0.970 0.931 0.939 0.958
Accuracy 0.982




Extension of Precision-Recall curve to multi-class

10
08 1
06 1
s
v
o
a
044 ===m Ground to Ground (AP = 0.9999)
Water to Water (AP = 0.9992)
f1=0.4
==mm Ground to Water (AP = 0.9938)
921! wmmm Water to Ground (AP = 0.9953) .
Micro-average (AP = 0.9994)
0.0 . . : ;
0.0 0.2 0.4 0.6 08 10
Recall
a8 18 229 PR_curve 21t
Range
Flood Detection Ground Truth Predicted Flood Detection Map

Azimuth

2 19 AI2F == Inference Z1 HlW EE3(a), 22 0=32tb)



Predicted Flood Detection Map

Flood Detection Ground Truth

Range

uInwizy

A= Inference Z21 Hl1W

2t

8 20 Al

19-a= AlI2t =(Master to Slave)

w0

2=z 2 FAet &

et

HE BA

A
e

tO4 ==HIOI Al HI

oJ
o

ol
A

o

S
[

-
1o

o
00

Slave to Maste)

(

Od A~
/

2t

- J820-a= Al

OF

0

ol
i00
()

ioJ

At

—_

uJ
=
ok
ar
80
2l

—_

Al
H

—_

=
B!

i0)

=
[

OS2 Xt

Slave to Master)

(

Od A~
/o

2t

21, 18222 A

o
ol

80

2l



Azimuth

fo

'G'round Truth- Predicted m'aﬁ

et

Water to Ground

Ground to Water

a8 21 & AJIS 214 S&0 Ground truth 2 IS 20 &M 24(1)

—/



Azimuth

. Ground to Ground . Water to Water Water to Ground D Ground to Water

08 22 & AJIS f1d S&W Ground truth 2 IS Z10 &AM 24(2)

(4) N22 XY dF 2L |nference Z 1

- FIECZ Train & Test HIOIEHZ 25X £2 M2 XNH

gl= =0 Inference &!Al

o
T
U
I
0
Hl
s
o

L

- J&230) MM Ho

o
=
HU
Ho
P
19
njo
i
m

C

rn
H



Range

July.04.2008

July.15.2008

Azimuth

‘NewArea

NewArea i

18 23 JIE XNF2e Mz=2 X4



July.04.2008

July.15.2008

8 24 M22 Xg0A2

Jlo

ol
o

ol

o0

Rr

0}

Sl

HAEN AtsE 0l XNFHME S22

ol
=

— &t
=

i

-
1o

=

—_

<J
oK
fa]t]

ol

9

110y
X
o)

o0

i

)

ioll
ol
<
"

o
00

a0

==
1o

ok

KO
ur

ar

J
1}

o

O
o

Z

k

X~ 2
o o

O

P

2E5

g U=E

- SOHH QL AL

Jrol=etel i

el E== Toh M0l 2104

&

AMECEMN [

Ha

F

S
=

= M=

=]
=

A2

I

El
=]

10}
sl

<
o

1o

o
on

g g4

o
-

, KOMPSAT-5 o &2 =U

5



e

Ol =W ?1d Xtate 2288 =8 = US

[
I
0l
K%
4J
=2
x
rr

—

=

ki
A
o

- Baek, W.—-K., Jung, H.=S., Kim, D., 2020, Oil Spill Detection of Kerch Strait in Nove
mber 2007 from Dual-Polarized TerraSAR-X Image Using Artificial and Convolution
al Neural Network Regression Models , Journal of Coastal Research, SI102, 137-14

4.

Ab

O .

0o

- Chae sung ho (2016). AIHEHS? Y A== g AL 0IH LEAEHY JIY

NEAE s,

- EM-DAT, 2014. The OFDA/CRED International Disaster Database [online]. Availabl

e from: www.emdat.be/ [Accessed 1 Feb 2015].

- de MOEL, H., & Aerts, J. C. J. H. (2011). Effect of uncertainty in land use, damage
models and inundation depth on flood damage estimates. Natural Hazards, 58(1),

407-425.

- Jo, M., Osmanoglu, B., & Jung, H. S. (2018). Detecting surface changes triggered
by recent volcanic activities at Kilauea, Hawai'i, by using the SAR Interferometric te
chnique: Preliminary report. Korean Journal of Remote Sensing, 34(6_4), 1545-155

3.

- Jung, H. C., Kim, S. W., Jung, H. S., Min, K. D., & Won, J. S. (2007). Satellite obs
ervation of coal mining subsidence by persistent scatterer analysis. Engineering Ge

ology, 92(1-2), 1-13.

- Karl, T. R., Melillo, J. M., Peterson, T. C., & Hassol, S. J. (Eds.). (2009). Global

climate change impacts in the United States. Cambridge University Press.

- Kiem, A. S., Franks, S. W., & Kuczera, G. (2003). Multi-decadal variability of flood



risk. Geophysical Research Letters, 30(2).

- Ronneberger, O., Fischer, P., & Brox, T. (2015, October). U—-net: Convolutional net
works for biomedical image segmentation. In International Conference on Medical

image computing and computer—assisted intervention (pp. 234-241). Springer, Cha

m.

- Schumann, G.J.—P., Neal, J.C., Mason, D.C., and Bates, P.D. (2011), The accurac
y of sequential aerial photography and SAR data for observing urban flood dynamic
s a case study of the UK summer 2007 floods, Remote Sensing of Environment, Vo

I. 115, No. 10, pp. 2536—-2546.

- Zou, W., Li, Y., Li, Z., & Ding, X. (2009). Improvement of the accuracy of InSAR

image co-registration based on tie points—a review. Sensors, 9(02), 1259-1281.

- HHOHME, 2018, 2018 MHAHAHE , , HEHHML



