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ABSTRACT

It is very essential to estimate the water body area using remote exploration for
water resource management, analysis and prediction of water disaster damage.
Hydrophysical detection using satellites has been mainly performed on large satellites
equipped with optical and SAR sensors. However, due to the long repeat cycle, there is
a limitation that timely utilization is impossible in the event of a disaster/disaster. With
the recent active development of Micro satellites, it has served as an opportunity to
overcome the limitations of time resolution centered on existing large satellites. The
Micro satellites currently in active operation are ICEYE in Finland and Capella satellites
in the United States, and are operated in the form of clusters for earth observation
purposes. Due to clustering operation, it has a short revisit cycle and high resolution
and has the advantage of being able to observe regardless of weather or day and night
with the SAR sensor mounted. In this study, the operation status and characteristics of
micro satellites were described, and the water area estimation technology optimized for
micro SAR satellite images was applied to the Daecheong Dam basin on the Korean
Peninsula. In addition, accuracy verification was performed based on the reference value
of the water generated from the optical satellite Sentinel—2 satellite as a reference. In
the case of the Capella satellite, the smallest difference in area was shown, and it was
confirmed that all three images showed high correlation. Through the results of this
study, it was confirmed that despite the low NESZ of Micro satellites, it is possible to
estimate the water area, and it is believed that the limitations of water resource/water
disaster monitoring using existing large SAR satellites can be overcome.
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TABLE 1. System parameters of ICEYE sensors (Source: Gunter’ s space page)
ICEYE—X1 ICEYE-X2 X4 X5 - - - ICEYE-X3
X2: 12/ 03/ 2018
X4,X5: 07 / 05/ 2019
Launch Date 01 /12 /2018 X6, X7: 09 / 28 / 2020 05/ 05/ 2020
X8, X9: 01 / 24 | 2021
X11, X12, X13, X14: 06 / 30 / 2021
X—bnad SAR
Sensor X—bnad SAR X—band SAR Low-resolution optical
camera
Imaging modes Spotlight, Stripmap, Scan
Altitude(km) 505 590 509
Inclination(deg) 97.56 - 97.77 97.56 - 97.77 40.0
0.5 (Spotlight)
Resolution(m) 10 x 10 3 (Stripmap) -
12 (Scan)
Mass(kg) 75 85 150
5%5 (Spotlight)
Swath width(km) 35 30x50 (Stripmap) -
100x100 (Scan)
Antenna Size(m) 3.25 32x04 -
Polarization W
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TABLE 2. System parameters of Capella sensors (Source: Gunter’ s space page)

Capella—1 Capella— 2~6
Capella—2 (Capella Sequoia): 08 / 31 / 2020
Capella—3 (Capella Whitney 1): 01 / 24 / 2021
Launch Date 03 /12 /2018 Capella—4 (Capella Whitney 2): 01 / 24 / 2021
Capella—5 (Capella Whitney 3): 06 / 30 / 2021
Capella—6 (Capella Whitney 4): 05 / 15 / 2021
Sensor X—bnad SAR
Imaging modes Spotlight, Sliding Spotlight, Stripmap
Altitude(km) 500 525
Inclination(deg) 97.7 451
0.5 (Spotlight)
Resolution(m) 0.8 ~ 1.2 (Sliding Spotlight) up to 0.5 x 0.5
1.1 ~ 1.6 (Stripmap)
Mass(kg) <40 112

5 x 5 (Spotlight)
x 10 (Sliding Spotlight)
5 x 20 (Stripmap)

Swath width(km)

Antenna Size(m) 8x8 use a 3.6m antenna-reflector
Polarization HH
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TABLE 3. Characteristics of each satellite images in this study

ICEYE-X4 Capella 2 Sentinel—1A
Date 01 /21 /2021 01/29/ 2021 01/ 02/ 2021
Pass Direction Ascending Descending Ascending
Polarization W HH W
Incidence Angle (deg) 21.780 ~ 22.327 41.730 -
NESZ (dB) -17 -17 ~ -19 —22
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FIGURE 4. Results of preprocessing in each satellite images(ICEYE—X4/Capella 2/Sentinel—1A)
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Backscattering Coefficient(dB)

FIGURE 5. Example of the fitted gamma distribution to a backscatter histogram having bimodal
distribution
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FIGURE 9. Sentinel—2 based waterbody

TABLE 4. Results of area comparison

unit: number of pixel

Satellite Area Difference Correlation Coefficient
Reference 15593884 - -
ICEYE 14833387 760497 0.8868
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Sentinel—1 16665792 1071908 0.9612
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