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Abstract : GNSS-Reflectometry (GNSS-R) is a technique for measuring and analyzing signals transmitted from satellites, reflecting on the surface of land
or sea. GNSS-R is mainly used for measuring the water level variation, typhoon and meteorological anomaly, soil moisture, and snow depth. This paper
describes the concept and measurement principle of GNSS-R technology, especially focusing on the field of marine utilization and its feasibility. In
particular, it presents the applications of this technique for monitoring the safety of marine environment as well as the marine vessel and their utilization
areas based on currently available infrastructure on the ground and maritime reference stations, such as the existing differential GNSS reference stations

and integrity monitors (DGNSS RSIM), and GNSS reference station infrastructure, using the ground-based and the satellite-based GNSS-R approaches.
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Fig. 1. Principle of GNSS-R (Wickett, 2016).
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Fig. 2. Altimetry and scatterometry using GNSS-R (Wickett et al.,

2018).
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Fig. 3. GNSS-R application for water level measurement
(Kim and Park, 2018).
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Fig. 4. Tide monitoring based on GNSS-R (Kim and Park, 2018).
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Fig. 5. Time series of water levels derived by GNSS-R (Kim and
Park, 2020).
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Fig. 7. Soil moisture measurement (Wickett, 2016).
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Fig. 8. Snow depth measurement (Wickett, 2016).
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Table 1. International projects of GNSS-R

Organization Project

o Cyclone GNSS (CYGNSS) project, 2016

NASA, OSU 1 GNSS-R based water level monitoring

o UK Disaster Monitoring Satellite Constellation
(UK-DMC), 2005

o TechDemoSat-1, Sea Surface Height, Ocean
Winds, 2014

° 3CAT-2 Cube Sat (ESA), Multi-constellation,
dual frequency and dual polarization
GNSS-Reflectometry and
GNSS-Radio-Occultations, 2016

o The Passive Reflectometry and Interferometry
System (PARIS) IoD (ESA)

o GEROS-ISS (ESA), Mapping sea surface
from the Space Station

UK-DMC, ESA

o Sea wind and wave detection with BDS/GPS
(2013)

° Program for BDS/GPS-R stations
- Ground-based BDS/GPS-R observation
system (2018 ~2022)

> GROWTH project
- GNSS Reflectometry for Ocean Waves,
Tides, and Height (GROWTH) (2015~2017)

China
Meteorological
Center

Japan Ministry
of ECSST
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Fig. 9. Sea ice measurement using Shipborne GNSS-R (Cardellach
et al., 2018; Semmiling et al., 2019).
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Table 2. Marine applications of GNSS-R

Infrastructure

Applications

‘Maritime DGNSS

Stations: 11

-Loral and regional sea
level monitoring (tide,
wave height & direction,

Ground ‘Ocean Research freak wave)
based Stations: 3 -Sea ice, soil moisture,
GNSS-R | “GNSS Stations: 202 | snow depth measurement
-Aids to Navigations | -Dam water level
(AtoN) monitoring
-Beach profile
-ocean wide
environmental monitoring
Space -Airplane (Typhgon, Tsunami)
-Shoreline survey
based "LEO Sat Vessel identification and
GNSS-R | -Cube Sat .
monitoring
‘Marine outflow
monitoring
-Large ship -Sea ice concentration
-Unmanned/Autonom | -Vessel draft, trim, heel
Shipborne | ous Vessel monitoring
GNSS-R -Icebreaker ‘Under keel clearance
-Survey Vessel (UKC) and air draft
‘Research ship clearance decision
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