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Development algorithm of the Arctic Ocean sea ice
area and track calculation using SAR and in-situ data
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SUMMARY

I. Title
Development algorithm of the Arctic Ocean sea ice area and track

calculation using SAR and in-situ data

Il. Purpose and Necessity of R&D

O The demand for Arctic sea ice information increased due to climate
change, and the importance of high-resolution sea ice information related
to the development of new sea routes in the Arctic Sea has been
highlighted.

O The purpose of this study is the development of algorithms that can
detect areas, types, and trajectories of Arctic sea ice from SAR data that
are easy to access and highly available, such as Sentinel-1 A/B satellites.

IIl. Contents and Extent of R&D
O Study of pre-processing algorithm for sea ice area calculation using SAR

O Research on the algorithm for the classification of sea ice types and
mosaic of the entire Arctic Ocean area

O A study on the extraction algorithm of sea ice trace using successive SAR
images

IV. R&D Results

O Development of Sentinel-1 HV image correction algorithm

O Implementation and downloading of large-volume Sentinel-1 A/B data
O Acquisition of SAR data for all areas of the Arctic Ocean and mosaic

O Algorithm implementation for classifying sea ice using machine learning
technique

O Analysis of the correlation coefficient between the same and different type
of SAR images acquired at successive time and implementation of core
algorithms for extracting trajectories of sea ice

O Calculation of sea ice map and verification of the results

V. Application Plans of R&D Results
O Academic use in monitoring polar environmental changes

O Economic use in developing new North Pole Routes
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E Kapy

B Kns_ssw.py

B Kpb_ssw.py

E Kspy

[ Relationship.py

[E Sentinel_1_HV_Correction.py
[ ShowSSW.py

[E callnterpolation.py

[ kalnterpolation.py

E noiselnterpolation.py

B tifffile.py

Retry
no percentage

planet

planet

Sunday

planet

Update Sentinel_1_HV_Correction.py
planet

planet

Retry

planet

timelisting

4 months ago
4 months ago
4 months ago
4 months ago
4 months ago
4 months ago

18 days ago
4 months ago
4 months ago
4 months ago

4 months ago

4 months ago

a9 20 Oﬂ?oﬂ/ﬂ e &

w2 EThe] W

= 1=

(i
i

b
3

2]
=1
2.

(b)=

<2017 74

noise/scalloping &

Mo, (o)

294

21 Park et al, 2017< 7|RFe g 3k HAH 94
Xk
o

Sentinel-1A ¢4 %%

Wl = o] A thermal

= AAZ HVC W= 54>

_20_



S1A_ EW_GRDM_1SDH_20170701T030523 201
707017030628 017272 01CD32 7BD3(HV)

S1A_EW_GRDM_1SDH_20170701T143637_201
707017143742 017279 _01CD73_9036(HV)

iy

. &% Sentinel-1A/B A& th¢ %
)&% Sentinel-1 A/B th& API=

X o

'19-1

22 <FH < =F(Park et al, 2017)9]
HV B4 A%

S1A_EW GRDM_1SDH_20170701T143637_201
70701T143742 017279_01CD73_9036(HVC)

a2>

ek 73
P 2

| e

v |
el

W | s
vu\'
I

i s

iaag- i 13t
0.5 1112

1500 20
1 mmr x.m

{nel.-

15DV 2016539121241
150V 20168388T13343

s
sent
b

1504701601137
150 F0EBRITAISL

i Botenisoraiaond
150V F0368130T 101
1S ke

s e

o Jhisiae e v

p L

v a0iiin

pr2I23s:
o131 10pTesEx

530,167 1052 | SAR-C SAR | W 0
21530, 16785:22 149 4182 | SAR.C 5AR { V¥
251545 221uai2zian’ 4 | Sah-C ah | v
20580 322352 00

2o

\«,\ mm
0417212350

sor satsarita
<7 2130127092245
1504 0156630T242340.

150V 201586187
560157052

4657 |
a5 5407 | SaR.C SR | WY
sar | sanec oan |

Tz
HE

02017212344 2

412 2
i 2miomgs
iz

553
o zo1s1 T 2

<
150¢. 0151213 T212345 2415

s 2

T

eseTINT 2

Zoruoanetonsio e

ulmi sitaic 5

S aics e
0 01338 BLIAEF ¢
a1z absice st

5, D1ss

97613200 BIZFIF 1074
1203 01290 $10)

Sotuasars

2160308T212441
Toiee30ET22413

6 20160368T092333 818;

0163087991108 1037

2016021 mmm
nsn 057
i1
6020172
e
0140 aasse
Shiotzoraiiiis
2016120199213 mm mm u
0140168212442
gy
1214z a0

201

212447 00845
s s
uln\r;lnn oo

i

ShI3ET015
ATz g

08673
grittrtn
2015863917 12410 08¢

38 0150018121417 00643)

20138018105 2)12

et

o | 7 o

oo . 1o 1 f1c_ 150 2110 202706017212413 095162 D0AATS_ BFSS Dowm Lo
ai i bi00:00 £14
00—
518,14 SLE_IS0 201105R1T21T16 FOLIOGOITTIENL BASEG? OOALTS 61D Dinlond.
) 1.7 4:00:00 E14
o3 chacksummir
S0V 301785367093251, 6118526 ORI 016751 OIBDIC. 1F70 Downloxd
o 3% Hin/s 08151 €A

S1A_EW GRDM_1SDH_201707017030523_201

707017030628 017272 01CD32_7BD3(HVC)

23 Sentinel-1 YA E 2= &
API A& A3}

_21_



f

2. Y EF(FYI/MYD T8 9182 dF 2 B2 dodod mxo
7h S d gl dig SARA R g5 % A

ScihubZ %8 53 & 634719 o &3 Sentinel-1 A/B #x8+ th&3} 2t}

Summetr

20170701T00:00~20170707T00:00
(684 scene)

% 24 ScihubZ 48 53 % 684712
o] &34 Sentinel-1 A/B A59] 25

a9 25 AAE 684719 kmzitd S
TZol 29 overlay 3 A}

ScihubZ %8 & 53k & 642701¢] A< % Sentinel-1 A/B A5+ tS3 2t}

_22_



Winter

20180101T00:00~20180107T00:00
(642 scene)

19 26 ScihubZH-¥ g 53 & 642719
&3 Sentinel-1 A/B A59] 25

a9 27 AAE 6427019 kmzad & o] 20
overlay 3+ A}

_23_



2017070214

a9 28 #F: 7SR & FFo2ol overlay,
L) dib] e

2017070271024
o (HH)

we syels avt
%o ol thzu o 10km o] Aol

4
o
\")
o)
o))
e,
o
offt &
ot
A
>,
&
2
=



20179§03T1105
G° iH\

20170705T 1048
o (HV)

EENEINE S s B EE N R
Gob BE 23

Sentinel-1A/BAt= overlay 7%, - 7l
of ekt MYIS] BE 2 olF ek 9a

2}. Open Water, FY[, MYIE 7%3}7] 93t tgs 25 dugE A 9@ A&
Random Forest 7] -& #8% 79 speckle filter2] window sizeZ} & wi(Z, 11

d ) H F2 EFAHE o] EH

_25_



a9 33 #: LFD A4l Adnks o] £3%

<9 LFD % SAR intensityS ©| &3 &+

Evaluation Criteria *
SAR intensity LFD SAR+LFD
0.6410 0.6924 0.7221

A SR g5 Anws 7HAA Brrel £ ouf Simple CNN + (HV & INC)
ghol sl 2ol Aol th(Jeon etal, 2019) ©] £FE o] &3ke] 201949 9% 159
16776 18:30% 744 oF 2417F 30% Fok F5H 117) G4kl val a7 @

neES He% A% v 2o,

e

_26_



B 0
o
o
T
~
= X0 1o
S ToR -
(Y] —_
o - m
o s . ) -
M O I =0
.o ~o wr u
oo "3 ~ Q ﬂ.%
L Bo il d =
n
2 T Ak
w = W M
- o &0 ) o0 )
o9 B- m o
i —_ o (=]
oS E_n X ~ c._o © @
S = N il © 8
oy o 4 o M A w
17 EeR ™ W JI =) =} =]
S~ N Ne EGS 5 5
(e S dﬂ_ — 0 o0
Sy ol T o M o o B =
Fo] b L.E iTﬁ_ S _ﬂﬁv”
am © m o
= » N Mo = o
3 i = o W B S
m T Iy KT D B § BT =
fox) o)) ‘w EO —_ ;O — w
— <H o =]
- =) 1o ~ %k o
Q [aN] | ;oﬁ xr o [=3
40 ) "o 5
= N - e
m° froul N+ o @ 2
TH = X o =
o - e’ =
N ~ T X & o
N =
N oHE
o< Ho =) =
~ — °oF g
S il 0 v.IA.
BN <
< 9 W
L e S
s N ® ONOT

e
_27_



]
S|

1y 7

3|

9 36 20199 8€ 1394 20199 10¥ 7L 7HA 29

=
3

98l Driftero] 574 =

Sentinel-1A/BA} 5.7}

_28_



A% AFfd=E EME S 7|0k
24
U= AIEF A F-EF = TAZAA W&
o Sentinel-1 A/B YA A~
g ools 2 AsAe WH F
A
. _ -
S AR A f—iieffm;l_;A OI;I;E 1009/ © @nmotation 9 ¢rel xml
(SentinelflA,Fj; 7Hmo = ‘|9 A2 E=EH ranged 3o
B= sga '° T thermal noise &3 H
1A =(2017) |30 H = AF azimuth W3] scalloping &
=5 g A v B
A G o " ap
AT Sent: °1_1 A /]“;) o Python/SNAP/JAVAS %
COnE A 00%| 3 AR AE gers @A
AsohE 2 A a @ A
et 4 e
o7]ststA <l mYlE 7|Hko
. 2 AHaFH Zzaq% 92 A
SEE A B A gl
S1H) = Oﬂ EH 1_]_— SARX} 100% o 1=} :_—E’_H‘O/] /= e) o] ¥} & o‘l
OHO OTFE_ Q‘E‘QEX‘I‘ ‘:'?'_IE OOT ‘El_.—jl__
(FYUMYD 7o UTMF 89S 2A83st7] o9
] B guez| 71 el HA e 5
3 Hddd m7IAStSE(HEd oty FEHE 9%
AR SI7IRE 28 subset & Z21¥ +&
oSl F5F100% 0 Held ShemEAd 3o
T gags 25 93¢ python AFH =
AT = o
=<H A7lel #
Rl 5/01F
SAR#AI® 3+ A oMatlab & <&3lo F
?&ﬁ]? A f—llOO% SRS 7&_ TAAF EA g
7S &3 g5 74
SARAIE  ZHAR S o]sH A
§ g ol AA|FE A du
dx -
PHAE) 22 aneziz 97
A e
o GPS7F "Al€l Drifters 4
Y o]EALE A E58 sl A H A
A% 9 A 73100047 ZUEY A8 8E
= 0 SARY ¥ Drifter?] %] H]
A

_29_



ol

0{0
ol

ol

S|
[l

Tl

T

o)

-4

K0

7163

-l

K

wm
fi%e)
do
ol

Ton

—_
fils)

el
o

=
al
ir

—_
fite)

A

)A

™
o

el
=

B

=K

o= 7lg¥

Ho
Hlo
i

™
_#.OT_

14

He

Els

Aol o

Az AA7A =

h=d
=

[——
o

Mo

ol
Hlo

e

_@ﬁ

< o

K

= AF7HA el A ATE A

(e
R

179 A}EE

ARz B

]
sl

2 7ld

o]
ey
Y
do

24 BAH 2EAE

=K

1 kel 7)o o,

% A9l

g

flo] A=

)

o
ilin
o

o

ojn

A=, 7]

of o

=

fo] A =&

CIE=

A

_30_



N

ol

i
iz

=3
o

1

o
=3
i)

o

o] 7lth#th,

w

gl

A

<

oR

oH

A

e

AAE & Ao A= SARA

T2 FH-TT Sentinel-1

2ol A =

E

Ei] b

[ e A R e R R

S

sl

:rL

B

e F7¢ SAR 94

=X = O
=T e

}1\_]__

b o

Sl

115
=

2 g

914

S @A

F914

SAR ¢!

=
R

s
N

£l
=

o

W
ﬂo
il
-

N

_3']_



R0

!

—r
ol
.

S|

=
[e)

0l

_32_



Y U 29

PARK, Jeong-Won, et al. Efficient thermal noise removal for Sentinel-1
TOPSAR cross—polarization channel. IEEE Transactions on Geoscience and

Remote Sensing, 2017, 56.3: 1555-1565.

KIM, Yunjee, et al. A Study on the Radiometric Correction of Sentinel-1 HV
Data for Arctic Sea Ice Detection. Korean Journal of Remote Sensing, 2018, 34.6:
1273-1282.

JEON, Hyungyun, et al. A Study on Classifying Sea Ice of the Summer Arctic
Ocean Using Sentinel-1 A/B SAR Data and Deep Learning Models. Korean
Journal of Remote Sensing, 2019, 35.6: 999-1009.

_33_



B

T

KI-

1
. O] EJAME

ol
A gL Ct,

2. O] EM U

of LA
Ao 2=

L{Ct.

F

__OH_

413 of

ol

0l
0i0

o

_34_



