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Arctic Sea Ice Motion Measurement Using Time-Series High-Resolution
Optical Satellite Images and Feature Tracking Techniques

Chang-Uk Hyun" - Hyun-cheol Kim ®?

Abstract: Sea ice motion is an important factor for assessing change of sea ice because the motion
affects to not only regional distribution of sea ice but also new ice growth and thickness of ice. This
study presents an application of multi-temporal high-resolution optical satellites images obtained from
Korea Multi-Purpose Satellite-2 (KOMPSAT-2) and Korea Multi-Purpose Satellite-3 (KOMPSAT-3)
to measure sea ice motion using SIFT (Scale-Invariant Feature Transform), SURF (Speeded Up Robust
Features) and ORB (Oriented FAST and Rotated BRIEF) feature tracking techniques. In order to use
satellite images from two different sensors, spatial and radiometric resolution were adjusted during pre-
processing steps, and then the feature tracking techniques were applied to the pre-processed images. The
matched features extracted from the SIFT showed even distribution across whole image, however the
matched features extracted from the SURF showed condensed distribution of features around boundary
between ice and ocean, and this regionally biased distribution became more prominent in the matched
features extracted from the ORB. The processing time of the feature tracking was decreased in order of
SIFT, SURF and ORB techniques. Although number of the matched features from the ORB was
decreased as 59.8% compared with the result from the SIFT, the processing time was decreased as 8.7%
compared with the result from the SIFT, therefore the ORB technique is more suitable for fast
measurement of sea ice motion.
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Fig. 1. Overview of study area and KOMPSAT high-resolution
satellite image acquisition.
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Table 1. Specification of KOMPSAT-2 and KOMPSAT-3 satellite images (Seo et al., 2008; Choi et al,, 2015; Yeom et al.,, 2016)

KOMPSAT-2 KOMPSAT-3
Date of launch July 28, 2006 May 17,2012
Imaging sensor MSC (Multispectral Camera) AEISS (Advanced Earth Imaging Sensor System)
Spatial resolution PAN: 1.0 m, MS: 4.0 m PAN: 0.7 m, MS: 2.8 m

PAN: 500-900 nm
MSI (blue): 450-520 nm
Spectral bands MS?2 (green): 520-600 nm

MS3 (red): 630-690 nm
MS4 (NIR): 760-900 nm

PAN: 450-900 nm
MSI (blue): 450-520 nm
MS?2 (green): 520-600 nm
MS3 (red): 630-690 nm
MS4 (NIR): 760-900 nm

Data quantization 10 bit 14 bit
Swath width 15 km 16 km

146°30'0"W 146°0'0"'W
1 1

N

A

77°20'0"N+

77°12'0"N | [
D KOMPSAT-2 image acquired on Aug 14, 2014

T T
146°30'0"W 146°0'0"W

F77°20'0"N

Fig. 2. An example of KOMPSAT-2 image used in this study.

- 1217 -




Korean Journal of Remote Sensing, Vol.34, No.6-2, 2018

ZA}717F 2 KOMPSAT-22} KOMPSAT-3 $JA o 25
B A2 the w9 94 Aol of s A Al
o] 2] A ) A\ 2 B4 S5 ATHTable 1),
Al GAE A17Ee] S5 T2 o] o] % A S
5 A FH Folo] WA EE shedrkFig 1. B4
5]5 %] & o 540] 9 ofo] o] £ ko] NSIDC
1 vjo] ¥] o 215} 1, 3
89 %1% (melt pond)o] Tk HE3H= Aol

2 WEE Qg 2).

_I

e
Ol Jlﬂ

AR
)

¢
=
o=
o
l_ﬂ

fru
ro,
LI

prge] ]Oul

Ho o
=2
|o

do &
(ol ok
)
N

rLodle
L
1o
Eha
1%
i)
o2,
o
l
o,
ool
2

e =
i o o o2 og
L @ 49 o

(w4 o_|>: >4
=

1-1
N
12
é
>
H‘
lo
'z
_|>:
m
N
A
ll‘
fr
=)

o M oy
N
e
2

1, B A

B2l Y 1m foh b

=2 S
| ox
H1
1o
ol
Dad
>
:?L
o
H1
N
)
_v,L
lru
N

é A
Hn
=2
>
B

2310 4 m= Aful 0E.ﬂ(resamphng) S AL
= 8 bit7} B == A& HE(linear stretching)2 534
k.

FAAALG FEoRFE AR A of 2ol 7kt

oft
S

2235 ABY C94 Al GA3H (mage pair) 2 2|5}
) 515 A7 712S 24 147}

2) EXIE Z=X(feature tracking) 43 & 10} Tt

)]

A F2& f1el] 7101 Sentinel-1 SAR B 0] ] 7]k

5 EA] g 2] o A& 0] £ SIFT(Scale-Invariant
Feature Transform), SURF(Speeded Up Robust Features)
4 ORB(Oriented FAST and Rotated BRIEF)2] Al| 7| ¥
2 8-3} %] Th(Muckenhuber ¢z al, 2016; Muckenhuber and
Sandven, 2017). A 7|2 FH A9 517 Bz 9
EREREEEEEERDEREEERERER

AL A3 FEAZ 5 G GAHE Z1Hol7]

d2ol THAE Bt 514 BAE 14 715l

(scale)ol] B S4S PEE 517 25H £
st ERHE S Aot 3 (rotation)o]] 73t &
Z+e 2 319 th(Lowe, 2004). SURF+= SIFTS}

SO AW A GAF EFA (box) HEE 0]
Y & (Hessian matrix)< 7|HFo 2 EXF
N5 T Bay e al., 2006). ORBE A A| 7F
=24 0 2 PFeatures from Accelerated Segment Test(FAST)
corner detection W' HH-& AFg-3lo] EA S wFR|5L
EXH A %Z}(descriptor)i Binary Robust Independent
Elementary Features(BRIEF) 2] 3] kA& H 3t
tBRIEF B'H & A-8-3F}Rublee ¢ al, 2011). 1} Q]
S BAE 918 /)48 50 e Aol Ak )
EZHS ghetslal (Lowe, 2004; Bay ef al, 2006; Rublee ¢ al.,
2011) =22 W3IA| 7|0 EA A &2 Ao gt 7l
A 24 Sk Table 3. A4 23 W W7
® 54 9] 28 9la) Q3 el el Hg

W5} 718 5 R T Rshlrh

ox

>~
el
=

‘W' of
e réﬁ
)
H >
to i S ox Mo &

o
ox
ox
i)

Table 2. Combinations of image pairs for sea ice motion measurement using feature tracking techniques

Image pair Prior image Posterior image Time gap
e P (acquisition time) (acquisition time) (hh:mm:ss)
A KOMPSAT-2 MSC KOMPSAT-3 AEISS 01:57:55
(August 14,2014 18:36:55) (August 14,2014 20:34:50) o
B KOMPSAT-2 MSC KOMPSAT-3 AEISS 26:36:19
(August 14,2014 18:36:55) (August 15,2014 21:13:14) o
C KOMPSAT-3 AEISS KOMPSAT-3 AEISS 243824
(August 14, 2014 20:34:50) (August 15,2014 21:13:14) o
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Table 3. Parameters considered in optimization of feature tracking techniques

Feature tracking technique Parameter (default value) Tested range (increment)
Number of layers in each octave (3) 3-10(1)
SIFT Contrast threshold (0.03) 0.01-0.05 (0.02)
Edge threshold (10) 5-15(5)
Initial sigma of Gaussian (1.6) 1-5(1),4-5 (0.1)
SURF Number of pyramid octaves (4) 3-6(1)
Number of layers in each octave (3) 3-6(1)
Pyramid decimation ratio (1.2) 1.1-1.5(0.1)
ORB Number of pyramid levels (8) 1-21 (4), 5-13 (1)
Size of descriptor patch (31) 10-60 (10), 30-50 (1)
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Table 4. Selected parameter values for image pair A and B, and feature tracking techniques

Feature tracking technique Parameter Optimized value
Number of layers in each octave 9
Contrast threshold 0.03
SIFT Edge threshold 10
Initial sigma of Gaussian 4.5
Threshold for ratio test 0.75
Number of pyramid octaves 4
Number of layers in each octave 3
SURF :
Threshold for ratio test 0.75
Hessian threshold 1,600 for image pair A and B, 2,000 for image pair C
Pyramid decimation ratio 14
Number of pyramid levels 6
ORB : pyrammie ev
Size of descriptor patch 40
Threshold for ratio test 0.75
Table 5. Number of matched features extracted from feature tracking techniques
. . Number of matched features (after outlier removal)
Feature tracking technique - - -
Image pair A Image pair B Image pair C
SIFT 24,572 (24,497) 17,756 (17,695) 21,298 (21,242)
SURF 24,062 (23,937) 15,220 (15,078) 19,957 (19,824)
ORB 13,710 (13,449) 7,738 (7,642) 17,037 (16,964)
o ZE LA I T AR B W green WE ol A FH G ol A2 o TH6 A 7o)
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Fig. 3. Matched features for sea ice motion measurement from (a) SIFT, (b) SURF and (c) ORB techniques, and the images
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Fig. 4. Matched features for sea ice motion measurement from (a) SIFT, (b) SURF and (c) ORB techniques, and the images
of pair B (KOMPSAT-2 (Aug 14, 2014) — KOMPSAT-3 (Aug 15, 2014)), overlaid on prior and posterior images.
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Fig. 5. Matched features for sea ice motion measurement from (a) SIFT, (b) SURF and (c) ORB techniques, and the images
of pair C (KOMPSAT-3 (Aug 14, 2014) - KOMPSAT-3 (Aug 15, 2014)), overlaid on prior and posterior images.
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Fig. 6. Spatial density of matched features from (a) SIFT and the image pair A, B and C, overlaid on prior images, (b) SURF
and the image pair A, B and C, overlaid on prior images, and (c) ORB and the image pair A, B and C, overlaid on
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Table 6. Mean displace and direction of sea ice motion from feature tracking techniques

. Image pair A Image pair B Image pair C
Feature tracking - — - — - —
technique Displacement Dlricilon Displacement Dlreftlon Displacement D1regt10n
(m) © ©) (m) ©)
SIFT 584.43 £0.05 -72.38+0.00 | 2,909.93 £0.32 87.09+0.01 2,366.19+034 | 82.00+0.01
SURF 584.57+0.05 -72.34+0.00 | 2,911.38+0.33 86.94 +0.01 2,367.08+034 | 82.00+0.01
ORB 585.27+0.08 -72.33+0.01 | 2,906.52+0.43 86.62+0.01 2,360.80 £ 0.38 82.01+0.01

* measured counter clockwise from east

Table 7. Comparison between sea ice motion from ITP80 buoy trajectory and feature tracking techniques

Drift of Magnitude of motion vector closest to Distance between closest motion vector
Image pair ITP buoy ITP buoy drift (m) and center of ITP buoy drift (m)
(m) SIFT SURF ORB ITP buoy SIFT SURF
A 66791 580.30 581.52 584.69 17.69 3525 38.85
B 2993.84 2920.22 2919.85 2924.22 18.87 19.82 23.92
C 2372.34 2382.56 2383.20 2376.50 29.37 45.10 50.64
RMSE of image based drift 66.33 65.97 62.69 - - -
Table 8. Processing time for feature tracking analysis
Feature tracking technique Image pair A (sec) Image pair B (sec) Image pair C (sec)
SIFT 549 553 56.8
SURF 15.6 16.5 13.7
ORB 4.8 4.8 5.0
2Ho0] ol RO HAT A H o2 Uk W s KOMPSAT3 914 94He) 1%] &3k (geolocation error)
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