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MOTIVATION

Considerable percentage of

global population is located

near to the coastal zones.

Coastal zones are dynamic

areas affected by natural and

anthropogenic forces.

Sea state (sea level rise) impact

considerably human activities

increasing risks in coastal

areas.
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Satellite Altimetry achieves high

accuracy in open sea but less

accurate towards coast.

Tide gauges allows to collect in-situ

data that reminds sparse all over

the world.

GNSS Reflectometry would

complement altimetry and sea

state data in coastal zones.



BACKGROUND

• (Ruffini et al., 2003)

• (Yu et al., 2011)

• (Semmling et al., 2014)

• (Wang et al., 2021)
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• (Roussel et al., 2015)

• (Reinking et al., 2019)

• (Chen et al., 2019)

• (Hoseini et al., 2020)

SEA STATE (LEVEL) MONITORING

• Array of antennas

(up-,down-, side–looking)

• High performance or

low-cost antennas

• Medium and high

altitude aircraft

• RHCP / LHCP

Setup

• Signal to noise Ratio

(SNR)

• Code / Phase delay

• Polarimetric approach

Observables



EXPERIMENT SETUP
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• Low-height aircraft (gyrocopter)

• (1) Dual-polarized antenna

• (2,3) Front-end receivers (LH/RH)

• (4) Flight control GPS+IMU

Boulogne



OBSERVABLES AND PROCESSING
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Observables: Power & Doppler Shift



DOPPLER SHIFT ANALYSIS
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• Observables: Power & Doppler Shift

PSD (10s) PRN:30 - 20190717

High Sea state 

SWH : 0.55 m
Low Sea state 

SWH : 0.26 m



SEA STATE AND DOPPLER SPREAD (𝛔𝒇) CORRELATION
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𝝈𝒇 dependency on:

Sea State (ss) and Elevation (E)

𝑪𝒐𝒓𝒓𝒆𝒍𝒂𝒕𝒊𝒐𝒏 (𝝈𝒇, 𝒔𝒔)

Parameter E < 10° E > 30°

Wind Speed1 0.94 0.60

SWH1 0.85 0.56
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VERTICAL DOPPLER SPREAD 𝝈𝒇𝒗 COMPARISON
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𝝈𝒇 AND 𝝈𝒇𝒗
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CONCLUSIONS AND FUTURE WORK
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The larger range in Vertical Doppler Spread (𝜎𝑓𝑣) is still under study. Initial analysis

suggested that this behavior is due to the contribution not only from the specular zone but

also from the glistening zone (?)

Slant Doppler spread presented a high degree correlation with respect to wind speed and

significant wave height but also sensitive to the elevation angle changes.

The experiment setup and processing approach present a good performance and offers the

possibility of monitoring the sea state in coastal areas. Further steps will consist on quantify

coherent altimetry from Doppler spread (slant/vertical) analysis.
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