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Dragon 5   3rd Year Results Reporting 

• Inform on the project’s objectives
• Detail the Copernicus Sentinels, ESA, Chinese and ESA Third Party Mission data utilised after 

3 years (complete slide 4)
• Detail the in-situ data measurements and requirements
• Provide details on field data collection campaigns and periods in P.R. China or other study 

areas
• Inform on the results after 3 years of activity
• Inform on the project’s schedule, planning & contribution of the partners for the following 

year
• Report on the level and training of young scientists on the project achievements, including 

plans for academic exchanges
• Report on the peer reviewed publications (nr. of papers, journal name and publication title) 

after 3 years of activity



Objectives

The project is a very good story 
of team-working!



Objectives



Objectives



Objectives

• Ocean & coastal zone thematic area
• marine dynamic environment 
• sea surface characteristics 

The project aims at exploiting Synthetic Aperture Radar (SAR) satellite 
measurements to generate innovative added-value products to observe 
coastal areas characterised by harsh environments, even under extreme

weather conditions. 



Objectives

”The punizione”… not just 
a free kick

…but “THE free kick”

Nov. 3, 1985  -  Napoli-Juventus (1-0)



Dragon 5 Mid-term Results Reporting 

• Observation of metallic targets at sea
• Ship backscattering vs incidence angles
• Backscattering from offshore wind farms

• Observation of sea oil pollution
• Backscattering from oil emulsions
• Bistatic scattering from oil-covered sea surface
• Scattering and damping models
• Inversion of oil parameters using model-based NN

• Observation of sea wind/waves 
• Backscattering under wave breaking conditions
• Wind field estimation
• Parametric Model for Hurricane Tangential Wind
• Green Tide Detection from SAR Images



Ship backscattering 

Fishing trawler track
L = 20.85 m, W = 6.74 m
Average speed 16 km/h• Gulf of Mexico on 17/11/2016.

• Time series of UAVSAR imagery.

• Seven SAR scenes collected over the
target spanning two hours acquisitions.

• Wide incidence angle range, 35° - 55°.

• Low-to-moderate sea state conditions,
wind speed in the range 1 m/s - 5 m/s.



Ship backscattering 
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Ship backscattering 



Ship backscattering 



Polarimetric Ship backscattering 
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Backscattering from off-shore wind farms

PAZ polSAR measurements



Backscattering from off-shore wind farms
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Backscattering from oil emulsions 

TSX and UAVSAR measurements



Backscattering from oil emulsions 
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Bistatic scattering from oil-covered sea surface

The bistatic radar scattering coefficients related 
to an oil-covered sea surface are predicted by 
modeling:

- the oil damping effect on surface roughness
- the oil modification on the dielectric 

properties of the scattering surface.

The bistatic scattering is predicted using the 
advanced integral equation method 



Bistatic scattering from oil-covered sea surface

The bistatic scattering is depicted in the form 
of the unit circle:
• the left semicircle corresponds to 

backscattering
• the right semicircle corresponds to 

forward scattering 
• the horizontal axis crossing the origin of 

the circle represents the plane of incidence  
(𝜙! = 0° or 180°)

• the vertical axis crossing the origin 
represents the cross-plane (𝜙! = 90° or 
270°); 
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Scattering and damping models
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Inversion of oil parameters using model-based NN

30

Model-based NN to retrieve thickness and fraction of water into the oil

!"!!($", &, '#) =
*!!$,&'((
*!!$,)*+,-

 

n EM scattering model: AIEM

n Damping model: MLB

n Composite reflection model

n Effective dielectric constant



Model-based NN to retrieve thickness and fraction of water into the oil

Inversion of oil parameters using model-based NN
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Backscattering under wave-breaking conditions

1. 2scale scattering model
2. Simplified approach

GF3 measurements



Backscattering under wave-breaking conditions
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Wind field estimation



• VV-pol X-band CSK ScanSAR GEC scenes
• DLR XMOD2 GMF
• ASCAT/ECMWF collocated winds

• Wind direction estimated from the 
SAR scene by NN

Wind field estimation



Wind field estimation



YS contribution – Anna Veralnti
Poster n.180

Wind field estimation
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Principle for model function design:
p High estimation accuracy 
p Smooth transition in TC eyewall area
p Concise functional form 

Ø Design of Proposed TWP Model

𝒂 rate of wind speed increase

𝒃 rate of wind speed decrease

𝒂: growth factor
𝒃: decay factor

Describe basic features

Constant “𝟏”: smooth transition

A SAR-based Parametric Model for Tropical 
Cyclone Tangential Wind Speed Estimation 



A SAR-based Parametric Model for Tropical Cyclone 
Tangential Wind Speed Estimation 

Advantages of TWP model:

p Fits the SAR-derived wind 
speed best 

p Smooth transition in the high 
wind speed area

p High-accuracy reconstruction

Wind speed at TC center:

p SAR wind speed > 0
p TWP = 𝑉"#$(−1/𝑎%) > 0
p SMRV, GV = 0 

TWP model combines the 

advantages of existing models

Ø Model Validation
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GA-Net Model

Green Tide Detection from SAR Images

ü 4421 / 1896 / 2124 groups of patches as the training / 
validation / testing dataset 

Modification 1 Adopt a texture-fused(GLCM) input strategy

Modification 2 Build a texture-enhanced path

Modification 3 Design a weighted loss function

Modification 4 Embed the CBAM
CBAM: convolutional block attention module
GLCM: grey-level co-occurrence matrix

Tailored modifications based on U-net



Coverage area in the Yellow Sea Coverage area in the nearshore (blue shade)

Ø 2019 (2020) has the longest (shortest) bloom duration and biggest (smallest) 
coverage area.

Ø 2021(2020) has the biggest (smallest) nearshore damage to the southern coastlines 
of the Shandong Peninsula.

Green tide distribution. Blue shade shows the 
nearshore area in Shandong Peninsula.

Green Tide Detection from SAR Images



EO Data Delivery

ESA Third Party Missions No. 
Scenes

1.RadarSAT-2 20

2.Alos-2 10

3.UAVSAR 16

4.CSK 500

5.CSG 6

6.PAZ 4

Total: 556

Issues:

ESA, Explorers & Sentinels data No. 
Scenes

1.Sentinel-1 500

2.

3.

4.

5.

6.

Total: 500

Issues:

Chinese EO data No. 
Scenes

1.Gaofen-3 500

2.

3.

4.

5.

6.

Total: 500

Issues:



European Young scientists contributions in Dragon 5

Name Institution Poster title Contribution

Anna Verlanti Università di 
Napoli Parthenope

A Sensitivity Analysis Of 
CNNs To Wind-Generated 
Patters On X-Band Cosmo-
SkyMed SAR Scenes

NN method to retrieve wind direction 
from X-band CSK SAR imagery



Chinese Young scientists contributions in Dragon 5

Name Institution Poster title Contribution

Tingyu Meng AIRCAS Simulation of X-band Co-
polarized backscattering from 
Oil-covered sea surfaces

Prediction of the X-band signal 
backscattered off a slick-free and slick-
covered sea surface using different 
scattering and damping models 

Yanlei Du AIRCAS Numerical Study on Polarimetric 
SAR Imaging Response to Ocean 
Current

Numerically investigate the polarimetric 
SAR imaging responses to two-dimensional 
ocean surfaces with currents and waves. 

Sheng Wang AIRCAS A SAR-based Parametric Model 
for Tropical Cyclone Tangential 
Wind Speed Estimation 

Establishment of a parametric model for 
tangential wind speed profile of tropical 
cyclons, committing to achieving smooth 
transition in the high wind area and high-
precision reconstruction 

Yuan Guo IOCAS A Deep Learning Model for 
Green Tide Detection Based on 
SAR Images

Propose a texture-enhanced segmentation 
model to detect green algae, reveal the 
green tide interannual variation in the 
Yellow Sea



Future activities

• Backscattering from offshore wind farms

• Comparison of microwave backscattering from slick-covered sea surface 
predicted using different scattering and damping models

• Retrieval of oil thickness & fraction of water into the oil

• Classification of harsh coastal environments using polSAR multi-frequency 
measurements



Academic exchanges, cooperation, contribution to 
Dragon 5 training 

• Zoom meetings on a regular basis

• Visiting scientist exchanges: we hosted a 
Chinese PhD student – Tingyu Meng -
working on scattering from oil-covered 
sea surface for 1y

• Visiting scientist exchanges: we finalized 
the procedure to host a Chinese PhD 
student - Yuan Guo - working on AI for 
coastal area classification for 2y

• Visiting scientist exchanges: we plan to 
have an EU YS to be hosted in China



Peer-reviewed journal publications



Conclusions

The project aims at demonstrating the benefits of radar products for coastal area 
monitoring and, therefore, it is framed into the “Ocean & coastal zone” Dragon-5 thematic 

area. 

• The co-operation was successful in all the topics
• A Chinese PhD student spent a 1y period @ Uniparthenope
• A Chinese PhD student is going to spend 2y in Italy working on AI for coastal area applications
• An Italian PhD student will spend a visiting period in China
• The activities scheduled for the next year are already ongoing 



Greetings from Hohhot,
Inner Mongolia, China


