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2017).
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X TYIN T =R7

FFAEDC L2 B Lowe (2004) SR L4, X

e RFSTIEUR valll IS I ih- A L RS R (1 W e i
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Table 1 Detail information of SAR images
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Fig. 1 Coverage of SAR images used in this paper
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Fig. 2 Sea ice drift vectors derived with different features
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K2R T AR T AT AR R AR US 2R 75
R R I R B M KR B, HBcR i HH S
HV ARG BRI RILEC T ORB R 11
FAR B B AR B B € 9 100000 (Muckenhuber %5,
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Table 2 Matching results of different features

B i

By BT PERCRAL  eentye

FRAEREL  RRAE AR Bk

SIFT 199587 197002 17032 15.59

SURF 142067 142389 10434 12.92

: ORB 200000 200000 40850 15.02
A-KAZE 143525 141398 37965 17.64
SIFT 177312 176828 10252 13.46

SURF 141065 141474 6369 13.82

? ORB 200000 200000 30089 17.13
A-KAZE 97056 94528 20577 10.99
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W RE 28 v X, TH53 B A % o 9% o DX T L2
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Table 3 Covering ratio of different features

E=N 2 3% 26853

o TR Cawom awon
SIFT 17032 70.98 93.59
SURF 10434 58.44 88.53

1 ORB 40850 60.36 84.92
A-KAZE 37965 84.96 94.52
SIFT 10252 54.12 85.21
SURF 6369 42.39 77.56

? ORB 30089 52.94 77.52
A-KAZE 20577 70.94 89.35

1&%F 1 A-KAZE 58735 km (153 3¢ R
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5 B BRI AN [F) B A B I 1] RIS WD 17 2 5%
AR SC AT A R A A8 T8 A S AR B R EDE S . AN
[Fi) e P38 T ) TE DK AR AR i AR I 4 s
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Table 4 Numbers of sea ice drift vectors derived with

images of different polarizations

Goxt "y HH & 50 HV ki Hfi
SIFT 8371 8661
SURF 5549 4885
! ORB 20399 20451
A-KAZE 18169 19796
SIFT 4076 6176
SURF 2837 3532
: ORB 13753 16336
A-KAZE 6867 13710

4Rl i, AN AR AT 1 5 R 015 2
(T DR AR R BURATAE— Y 2257, HV ki
T 5B U I DR RS Ok RO — e 2 T HH )
oo NEEEHH, HV AAE IE AR 48 R0 i vk
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Table 5 Covering ratio of different polarizations

HH 74.08 91.65

1 HV 67.73 82.10
HH+HV 84.96 94.52

HH 45.51 77.13

2 HV 61.99 83.35
HH+HV 70.94 29,35

(a) 8

(a) Position

= >25km/d -~ 20—25 km/d

(b) HH W fki8 18
(b) HH band
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Fig. 3 Seaice drift vectors derived with different polarizations
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Table 6 Comparison of different filters

fext ERRTIEE RumBud SR HRENs
NNDR 37965 84.96 —
EAF XA 37850 84.74 0.1
: A3kt 30120 81.26 794.46
ARk 37832 84.70 5.09
NNDR 20577 70.94 —
EAF XA 19566 65.70 0.06
? BN L 16731 65.35 234.97
ALk 20321 69.65 13.58

XETERI L, B X RE SASCRE R T
W2 IR, TR HA AL 23 (8] B2 5 %
TR R T B BB BRI . FEIRxT 2,
LA DX ) A B T — A i TR TR K 4
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(b) Neighborhood comparison
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(¢) Proposed filter
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Fig. 4 Results of different wrong vectors filters for image pair 2
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Fig. 5 Histograms of different components of sea ice drift vectors for image pair 2
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(Saldo £ Hackett, 2022).



ZEBk 4 . FET Sentinel—1 SRR U L A9 JbAR T VB RS 2% de R iR 2069

Il DR P57 32 RS TR A% O ik LA K% DTU 96 KR A% ™

JERALEE 6 o AR T HE U EEA% < i L& DTU

AL MOSAIC 1245 GPS Bl S 2 %t 1 T 4
FE IR IR Z AL R E R ER 7, HH 5 HV )

(¢) Speed validation for DTU sea ice drift products

(d) Direction validation for DTU sea ice drift products
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Fig. 6 Validation of feature tracking derived vectors and DTU products with MOSAIC buoys, example for image pair 1
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Sea ice drift vectors extraction based on feature tracking to
Sentinel-1 images

LI Chaoyue,LI Gang, WANG Xue,JU Qi,CHEN Zhuoqi

School of Geospatial Engineering and Science, Sun Yat-sen University, Southern Marine Science and Engineering Guangdong
Laboratory (Zhuhai), Zhuhai 519082, China

Abstract: Sea ice drift is an important natural phenomenon in the Arctic, and it is important for climate research and human activities such
as shipping security in the Arctic area. At present, sea ice drift products are often derived with space-borne radiometers and scatterometers
with the template matching algorithm and suffer from low resolution and low accuracy. Sentinel-1 synthetic aperture radar imagery has high
spatial resolution and holds great potential for deriving sea ice drift fields with high resolution and high accuracy by applying feature
matching algorithms.

This research compared sea ice drift results derived from four popular features including SIFT, SURF, ORB, and A-KAZE by using two
pairs of Sentinel-1 Arctic sea ice SAR images. The similarities and differences between the performances of HH and HV imagery were also
analyzed in terms of spatial distribution and coverage of the derived sea ice drift vectors. We proposed a filtering method combined with two
published methods to identify incorrect vectors after the NNDR test with high calculation efficiency and accuracy. Finally, we evaluated the
accuracy of sea ice drift vectors by comparing our derived results and DTU sea ice products with GPS data of MOSAIC buoys.

Employing A-KAZE features to Sentinel-1 EW imagery can effectively derive sea ice drift fields with high spatial resolution and
coverage rates. A-KAZE feature performs better than SIFT, SURF, and ORB in terms of spatial distribution and the number of vectors.
Combining the vectors obtained from HH and HV polarization imagery can effectively extend the coverage of sea ice motion fields. The
incorrect vector filter checks the similarity of a vector to its neighbors only if its speed or direction exceeds two times the standard deviation.
It improves computational efficiency and retains more correct vectors than the two traditional methods. Validation with data of MOSAiC
buoys found that the average speed error of sea ice drift vectors extracted using the proposed A-KAZE-based method was less than 0.2 km/d,
and the average direction error was less than 1°. These products share a high consistency with DTU sea ice drift products obtained through
employing Sentinel-1 SAR imagery but applying the template matching algorithm. However, our proposed methods presented a higher
spatial coverage.

This study demonstrates the potential of deriving sea ice drift vectors by applying dual-polarized Sentinel-1 SAR imagery and A-KAZE
features. This approach can effectively and quickly generate sea ice drift vector fields of high spatial resolution with high spatial covering
rates and high accuracy, which can serve as an accurate data source for climate research and maritime security in the Arctic.
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