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[d SADyMaS: SAR Monitoring of Small-Scale Dynamics in Marginal Seas
1 Objectives:

* Promote exploitation of Copernicus Sentinels, ESA, ESA TPM and Chinese EO data:
Better understanding of the ways, in which marine ecosystems are exposed to and
react on dynamic ocean processes of various scales

* Stimulate scientific exchange:

Bi- or multi-lateral research or educational activities; joint Sino-European research
packages

* Publish co-authored results:

Joint publications at the Midterm and Final Dragon 6 Symposia, and in leading peer-
reviewed scientific journals

* Provide training to young European and Chinese scientists:

Teaching and training activities, educational courses, summer schools
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Small-Scale Dynamics generated by Zi Nannan
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HEREON Helmholtz Zentrum Hereon, Geesthacht, Germany

hereon

A AIR Aerospace Information Research Institute, Beijing, China
'"° HATIC  Hainan Aerospace Technology Innovation Center, Wenchang, China

HNTOU Hainan Tropical Ocean University, Sanya, China
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EO data access since July 2024

Copernicus Sentinels, ESA

Chinese EO data

data
1. Sentinel-1 A/B >100,000 1. GF-1 >800
2. Sentinel-2 A/B >100 2. GF-3 >100
3. Sentinel-3 A/B >100 3. SDGSAT-1 >3200
4. ENVISAT / ERS >2000 4. HaiShao-1 >200
, ) ) SDGSAT-1 freely available: https://www.sdgsat.ac.cn/
Through ESA’s Sentinel Hub and from local archives at UHH and GF-1, and GF-3 data available: https://data.cresda.cn/

DTU. HaiShao-1 data available: https://sso.airsat.com.cn

Altimeter satellite product from Copernicus Marine Service:

sea level anomaly | absolute dynamic topography |
geostrophic velocity ...
https://data.marine.copernicus.eu/

.
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TerraSAR-X DI HaiShao-1 was launched in Dec. 2024
. & TanDEM-X i _ = DR ¢
Sentind.3- P _,,: y « X-band SAR | Low-orbit (~43 degree) ] [ HaiShao-3

Multi-/compact polarized SAR _ 0 HaiShao-4 '
are currently
in production

* SAR + Nightlight integratibn

1 HaiShao-2 - To be launched m ugust 2025

%

e Sun-synchronous orbit

Fully polarized SAR

"R.S.-COMM'—NAV" integration
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Dragon 6 SADyMaS: EO data
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1 21 Credit: Shuqi Liu,
a|ShaO 1: 0 Ning Wang, Xing Li

Ocean surface wave patterns
and refractions. ]

‘May 28, 2025.
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Li, X.-M. et al., 2025, The Innovation =— e s R g
False-Color map of Xisha Island Island and Reefs of South China Sea
( 1-m resolution, Stripmap Mode, VV) ( 1-m resolution, Stripmap Mode, VV)
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HaiShao-1: Ocean Observations "’ Credit: Shuqi Liu,

Ning Wang, Xing Li

Penghu County

@ Airport @ Urban Rail
@ Buildings @ Airport
® Vegetation @ Fishing Port
@ Stadiums @ Building
® Harbor Complex

rrounding Sea

Wave Patterns
and the
Shallow-Water
Topographic
Features

@ ReefPlate  ==sau
® Wave Stripes

Yongxing Island Penghu Islands
( 1-m resolution, Stripmap Mode, VV) ( 1-m resolution, Stripmap Mode, VV)
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Dragon 6 SADyMaS: EO data

Credit: Shuqi Liu,
Ning Wang, Xing Li
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Credit: Shuqi Liu,
Ning Wang, Xing Li

Red band - SAR HH polarization data
Green band — SAR HV polarization data
Blue band - nightlight data

Nighttime human activity within urban
infrastructures (blue color)

]l W ¥ g ta 7Y B
Nightlight . A Nightlight-SAR
Li, X.-M. et al., 2025, The Innovation
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Integrated in HaiShao-1
On-board fast eddy detection

Eddy detection
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Fast, lightweight, and easily extensible
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YOLOvV5 - EOLO: Eddy detection in open regions

based on YOLO
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Extensive testing in three seas

Region Precision Recall
Red Sea 96.6 % 88.2 %
Baltic Sea 98.8 % 93.6 %
Western
98.9 % 96.7 %
Med Sea

Zietal., RSE, 2024
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Ice eddies coexist with the complex and variable sea ice, making it challenging to

distinguish ice eddies from complex backgrounds.
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suppress background features Zietal., JSTARS, 2025
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EOLO - more false detections and miss detections than EOLO-ice

Zietal., JSTARS, 2025
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Classification Localiation
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C2F: suppress background features
Cls. : separates eddies from backgrounds
Loc. : adjust coordinates of detection
boxes by surrounding backgrounds

Detections Feature maps Cls. heatmaps Loc. heatmaps

Zietal., JSSTARS, 2025 EOLO vs EOLO-ice
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_ Integrated Eddy Inference Framework
Zietal., JSTARS, 2025

] multi-scale detection

| Trained Models — stprocess Full inference: large eddy

' EOLO EOLOsice | I~ Inferencel | | Classify eddies |
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Zietal., JSTARS, 2025
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S1, October 2019
912 Scenes

P-94.22%
R -96.61%
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Integrated eddy inference framework provides a methodological basis for global
sub-mesoscale eddy studies.
Expand the application and conduct studies of global the sub-mesoscale eddy

generation mechanism.
Zietal., JSTARS, 2025
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Automated eddy detection on 10 years of Sentinel-1 data
of the Western Mediterranean Sea using EOLO

S1 SAR-C -2014-2024 - Total: 39678
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normalized wind speed range for all eddies: 0.3 m/s — 5.8 m/s
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Automated eddy detection on 10 years of Sentinel-1 data
of the Western Mediterranean Sea using EOLO

Number of eddies per grid cell(*100)
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Comparison of results obtained through visual inspection and EOLO detection

Oct 2014 — Sep 2017
0.12 T — - 0.14 T
| (a)
| a (b)
0.1 | | 0.12 b
% | : . |
%0.08 i Visual | i§ 0.1 EOLO
E ! = 0.08 a
20.06 : <
S ' S 0.06
£ 0.04 | :
= 5 & 0.04
1
0.02 I 0.02 -
0O 5 10 15 20 25 30 35 40 45 50 55 60 0 10 20 30 40 50

Diameter [km] Diameter (km)



esa

TEMZERTRTO > THE EUROPEAN SPACE AGENCY

Comparison of results obtained through visual inspection and EOLO detection
Oct 2014 — Sep 2017
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Comparison of results obtained through visual inspection and EOLO detection
Oct 2014 — Sep 2017

Comparative Eddies in Western Mediterranean Monthly from Oct 2014 to Jun 2017 (ALL)
| | | | |
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Comparison of results obtained through visual inspection and EOLO detection
Oct 2014 — Sep 2017

Comparative Eddies in Western Mediterranean Monthly from Oct 2014 to Jun 2017 (TS)
T T [ 1

Comparative Eddies in Western Mediterranean Monthly from Oct 2014 to Jun 2017 (NW)
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Comparison of results obtained through visual inspection and EOLO detection
Oct 2014 — Sep 2017

$1 SAR-C Eddy Density (2016.10)- Total Eddies: 733 Eddies density(x100} $1 SAR-C Eddy Density (2016.11)- Total Eddies: 620 Eddies density(<100) - $1 SAR-C Eddy Density (2016.12)- Total Eddies: 802

Oct 2016 Nov 2016 Dec 2026

$1 SAR-C Eddy Density (2016.10)- Total Eddies: 704 S EERITEI00) $1 SAR-C Eddy Density (2016.11)- Total Eddies: 809 S EERITEI00) S1 SAR-C Eddy Density (2016.12)- Total Eddies: 1661

Visual |
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Tre 2024 felyancad Tralning Course in Ocenn Hemoie S2nsinz was held in Sanya, Hainan, from Nov. 11 to
16, 2024, which was jointly sponsored by the European Space Agency and the China Science and
Technology Exchange Center, and co-organized by the Hainan Aerospace Information Research Institute
and the Hainan Aerospace Technology Innovation Center.

The 6-day training consisted of 8 Chinese experts and 4 European scientists as mentors, and nearly 60 Ph.D. students,
post-doctoral researchers and early-career scientists from more than 30 top universities and research institutes
participated in the training.

ESA-MOST Dragan Caoperation MBI ARG T S e esa
2024 Advanced Training Course in Ocean Remote Sensing . mcocewsmm

2024435 B S e b I HE
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Advanced Training Course in Ocean Remote Sensing
2024438 B R S 4R S I3

Representatives from
Both China and Europe
Attended the Opening
and Closing Ceremonies
and Delivered Speeches.

Theoretical and Practical
Courses on SSS, SST, OC, Poster Presentation and Visiting the Sanya Remote

Sea Ice Monitoring and Selection Activities Sensing Ground Station
Al Oceanography, etc.
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Dragon 6 SADyMaS: End
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