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Old space New space

Few, big, expensive satellites Many, small, cheap satellites
Low cost of technology
Government initiatives Commercial initiatives
Venture capital, low interest rates
Few countries Many countries
Hardware Software
Traditional engineering New manufacturing (digital, 3D print)
Space is empty Orbits and RF spectrum congested
Satellites are nice to have Crucial for economy, military

Satellites are unassailable Anti-satellite weapons



Altitude classification for geocentric orbits:
Low Earth Orbit (LEQ) : 500-1000 km

Medium Earth Orbit (MEO): 10 000-20 000 km

. Geostationary Earth Orbit (GEO) : 35 785 km
u n C I O n S O S p a Ce Highly Elliptical Orbit (HEQ): about ~40 000 km

GEO
static

Science & exploration
Exploitation
Moon, Mars, Asteroid mining

Observation

Earth monitoring, intelligence
Positioning, Navigation & Timing

GPS, Others 700-1700 I\Flo ar orbiting
Communication

Oceans, air, remote areas, 5G

e:g. GNSS)

MEO zone HEO zone
Semi-synchronous orbit

Geosynchronous Zone
Geostationnary satellites

—

.

Revisit time Frequent revisit Orbital period of one GNSS  Stationary over a longitude line
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The number of vessels transporting sanctioned oil is booming
and the consequences can be felt across the world — from

Iran, to China, to Ukraine

Despite the tough sanctions,
. UANI calculates that thanks to
Estimated .
barrels the shadow fleet, Iranian
monthly oil exports hit a five-
yvear-high in August of this year.

Iran's oil exports hit hit an estimated five-year high in August 2023

January — 2022 May — 2022 September - 2022 January — 2023 May — 2023

How a burnt out, abandoned ship reveals the secrets of a shadow
tanker network | Qil | The Guardian



https://www.unitedagainstnucleariran.com/blog/august-2023-iran-tanker-tracker
https://www.unitedagainstnucleariran.com/blog/august-2023-iran-tanker-tracker
https://www.unitedagainstnucleariran.com/blog/august-2023-iran-tanker-tracker
https://www.theguardian.com/business/2023/sep/18/how-a-burnt-out-abandoned-ship-reveals-the-secrets-of-a-shadow-tanker-network
https://www.theguardian.com/business/2023/sep/18/how-a-burnt-out-abandoned-ship-reveals-the-secrets-of-a-shadow-tanker-network

Tracking Dark Vessels

* How a burnt out, abandoned ship reveals the secrets of a shadow tanker network: How a burnt out, abandoned ship reveals the secrets of a
shadow tanker network | Qil | The Guardian

*  FINDING DARK SHIPS VIA SATELLITE, Finding Dark Ships Via Satellite | Hackaday

» Satellite dark vessel detection for maritime domain awareness; Satellite dark vessel detection for maritime domain awareness | Starboard
Maritime Intelligence

e Satellites are huntjng "dark vesusels” that evade sanctions at sea (gz.com)
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Figure 3: AIS Positions (Black Line) and Doppler Data (Red Dots) of the

Time
Symphony 3 from July 15th to August 4th, 2022 i

Figure 2: Speed Record of the Symphony 3 for July 20222


https://www.theguardian.com/business/2023/sep/18/how-a-burnt-out-abandoned-ship-reveals-the-secrets-of-a-shadow-tanker-network
https://www.theguardian.com/business/2023/sep/18/how-a-burnt-out-abandoned-ship-reveals-the-secrets-of-a-shadow-tanker-network
https://hackaday.com/2021/05/06/finding-dark-ships-via-satellite/
https://starboard.nz/case-study-dark-vessel-detection-for-mda/
https://starboard.nz/case-study-dark-vessel-detection-for-mda/
https://qz.com/satellites-are-hunting-dark-vessels-that-evade-sancti-1849751673

Tracking Dark
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Spoofing — Elba Case

AlS Data Vulnerability Indicated by a Spoofing Case-Study
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Spoofing — Elba Case
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EMODnet g

- European Marine Observation and Data Network EMODnet
* Network with secretariat, funded by European Commission
» Maritime data portal

“Your gateway to marine data in Europe”
http://www.emodnet.eu/

EMODnet provides access to European marine data across seven discipline-based themes:

+ Bathymetry * Geology * Seabed habitats * Chemistry * Bi * Physics * Human activities
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Ship density Jan 2017
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Automatic ldentification System
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AlS information’s update rates

The data is autonomously sent at different update rates:

1. dynamic information dependent on speed and course alteration,

2. static and voyage-related data every 6 minutes or on request (AIS responds

automatically without user action).

AIS Class A Transponder-Ships Dynamic Conditions

Dual-Channel

Single-Channel

Ship at anchor or moored
SOG 0-14 knots
SOG 0-14 knots and changing
SOG 14-23 knots
SOG 14-23 knots and changing course
SOG > 23 knots

Ship static information

3 min
10s
33s
6s
25
2s

6 min

6 min
20s
6.6s
12s
4s
4s

12 min

AIS Class B Transponder-Ships Dynamic Conditions

Dual-Channel

Single-Channel

SOG < 2 knots
SOG > 2 knots
SOG

Ship static information

3 min

30s

6 min

6 min

1 min

12 min

D =25 (\/1T1+\/172)

D =25 (\/1028 m + /30 m) — 93.85 NM

9600 bit/s
256 bit

2250 min~! = 60 s




Automatic Identification System (AIS)

AlS ship reports e
(collection) L
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Tracking and Traffic
Routes

Adriatic Sea;
Traffic AlS density






: Data Mining &
Big Data Knowledge

Routes Maritime Spatial

(historical) Discovery Extraction Planning

AIS 2017

(“all” reports vs. dense area reports)

AIS msg
3,000 msg'0.0193km2/year

2,500 msg/0.0193km2 year

2,000 msg0.0193km2/year

1,500 msg/0.0193km2 year

1,000 msg/0.0193km2year

500 msg0.0193km2/year

2 msg0.0193km2 year




Data Mining &
Knowledge
Discovery

Routes
Extraction

Daily shipping activities in the Adriatic on (up to 950 vessels).
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Tracking and Traffic
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Data Mining &

Big Data Knowledge Routes Maritime Spatial

Extraction Planning

(historical) Discovery

ships (no./hr)
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Leeway and Set & Drift

DR

Leeway Vector

Tidal
[y Stream Current

Sea Drift
Position

Note. Effects of Leeway, Tidal Stream, Current
Drift and Surface Drift have been exaggerated for clarity.

American Practical Navigator (Bowditch)




Sailing in current

v - HDG
STW_mEx_ T
SET & DRIFT¢
v - COG
STW-----

drift angle (side slip)
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Multiple vessel drifting approach
towards metocean validation

Surface currents model analysis data vs “AlS currents
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Oil Pollution: categories (vecters) of oil pellution
& - o J

-

U.S. National Academy of Sciences Australian Petroleum Production and

average total worldwide annual release of petroleum (oils) from all Exploration Association
known sources to the sea has been estimated at 1.3 million tonnes

1. natural seeps: 46% 1. Land-based sources (urban runoff and
2. discharges from consumption of oils discharges from industry): 37%

(operational discharges from ships and 2. Natural seeps: 7%

discharges from land-based sources): 37% 3. The oil industry - tanker accidents and offshore
3. accidental spills from ships; 12% oil extraction: 14%
4. Operational spills; 8% 4. Operational discharges from ships not within
5. extraction of oil: 3% the oil industry: 33%

5. Airborne hydrocarbons: 9%

Group of Experts on the Scientific Aspects of Marine Environmental Protection-GESAMP

estimated a total input of oils at 2.3 million tonnes per year and ranked the sources:

1. La_nd—pased sources (urban runoff, coastal Relative importance of oil polluting sources -
l'e_flnerles)i 5.0% o _ Worldwide average 1990-1999
2. Oil transporting and shipping (operational

discharges, tanker accidents): 24% 413kt Lentz and Felleman, 2003

3. Offshore production discharges: 2% 68%
4. Atmospheric fallout: 13%
5. Natural seeps: 11%

[ Offshore production
B Maritime traffic

http://oils.gpa.unep.org Ad rl at I C S e a ! ? ? ! 54kt 9% 140kt [ Land based activities



http://oils.gpa.unep.org/
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ay afteran
oil tankér collided with a barge carrying a crane, the
Maritime Ministry of Korea reportedAbout 10,000
tons of '0il gushed out of the Hebei Spirit after the
crane punctured.holes in.the side ofthe tanker
around 7:15 a.m: local time (5 15 p.m. Thursday).

N;se flow had stoppedr'b)N:rl % venmg as efforts
NBeca e of the

~cgnt|nued to coﬁtam the
Qurr%‘nuwlnqrérrd’wave movements the aritime
“Ministry.i$ not expecting to see much
enviropmentaljdamage onithe west coast of
Korea," the/ministry said. The'spill i the largest-in
South'Korean history; a police spokesman said,
according to South Korea's Yonhap news agency.
““Jhe previous-record was set-in 1995 when the Sea
Prince struck a reef,releasing more than 5,000
tohs of oil into waters off the’southern coast.
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12 December - Norway: An oil spill has
been Statfjord Alpha

observed on Wednesday in the Norwegian sector of

North Sea near the Statfjord oilfield operated by

StatoilHydro. "This could be the second largest spill in

Norwegian oil history," the Petroleum Safety

Authority's (PSA) spokeswoman Inger Anda said. She oy

said the spill was estimated at 3,840 cubic meters of Second Ia rgeSt Spl ” In

oil, which corresponds to 24,154 barrels of oil. The Norwegia n Oil h isto ry

biggest oil spill ever off Norway occurred in the Bravo

blowout in 1977 when around 12,000 cubic meters of

oil were spilled, Anda said. StatoilHydro information

director Ola Morten Aanestad confirmed that the

company had had a spill at its Statfjord Alpha

platform, about 200 kilometers west of Bergen, near

the border of the British continental shelf.

StatoilHydro said the spill was about 4,000 cubic meters,

and occurred in connection with the tank ship "Navion

Britannica" loading aboard oil from a loading buoy.

StatoilHydro spokesman Vegar Stokset said the cause of

the

spill was not immediately known but the loading had

immediately been stopped. "It is a significant amount and

we

are taking it seriously," said Stokset, adding that

production from the field was not affected because tanker

loading

is a separate operation. The Norwegian Rescue

Coordination Center South had been notified and planes

and

helicopters from the Norwegian Pollution Control

Authority (SFT) were deployed to get an overview of the

extent

of the spill. Weather in the area is poor, with 45 knot

(51.8 pmh) winds and choppy seas. Meteorologist Hilde

Holdhus at the Storm Weather Center said the conditions

were good for seabirds, as they would prevent the oil

being blown inland. The winds will make it more difficult
3%or aircraft to get an overview of the situation.
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Russian Navy; Underway fuel replenishment (Bunker)

accident off the snuther rih coast.




(i) image pre-processing, (i) image segmentation, (iii) feature
extraction, and (iv) classification.
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Operational pollution

reduction/elimination; can navigational/informational and surveillance technology contribute?
Monitoring (EMSA — CleanSeaNet Service)

Qil smoothing effect

Rough 3ea
surface

| [ Number of SAR images: 3500
Number of observed spills: 2350

[ European Commission
Joint Research Center
I IPSC - Humanitarian Security Unit




Sea surface backscatter

e ‘NCIP‘EP\T REFLECTED
WAVE \ WAVE

| SMOOTH SURFACE

g
Fopp e \
BACK SCATTERED »
COMFONENT

* Backscatter when surface roughness

SLIGHTLY ROUGHK SURFACE

has wavelength of the same order as %
radar wavelength (5 cm
gth (5 cm) [ 2 S
* Backscatter proportional to roughness amplitude |

* “Bragg backscattering”

Surface Radar
roughness backscatter

v
Y

Wind










Most Common Violation




Motivation:
Operational pollution and polluter identification challenges'

A 4. (geospatial vector)

t det

P.... & t. .. (space and tim 1
Vinit

O~init

Product

MetOcean
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Simple identification “red handed case”; without AlS
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July 6th 2006
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Identification of
~potential™ polluter -
integration of ADRIREP
information system with
SAR image
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Highly weathered oil slick
Respond and backtracking issue “dt 60 h”

) Simulated o1l position on Reported

Identification feasible with: 08th of August at 23:00 LT 1 km polluted coast

On 09t of August morning time
HF currents,

Accurate AlS, : J Salt Pans

Low wind area, " |

Persistent oil,
Uniform salinity...

& Initial o1l position on 06th
of August at 12:00 LT
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EUROPEAN COMMISSION

DRECTOME GineRAl
Joint Research Centre

g

Legend HF Radar Surface Currents (10:00 UTC)
North Adriatic Sea Border Line
Traffic Lanes Adriatic Sea
Coastline
Seperation Zones Adriatic Sea

ENVISAT/MERIS (06/08/2008 - 09:48 UTC)

0o 1 2 4 6 8
Nautical Miles

(ESA) ENVISAT/MERIS
09:48

18:45

HF currents validation

“finger print vs. sensor, time, respond and HF currents”

EUROPEAN COMMISSION
DRECTOTE Ginesal
Joint Research Centre

Legend HF Radar Surface Currents (10:00 UTC)
North Adriatic Sea Border Line
Traffic Lanes Adriatic Sea
Coastline
Seperation Zones Adriatic Sea
MODISITERRA (06/08/2008 - 10:10 UTC)
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Joint Research Centre
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Legend HF Radar Surface Currents (12:00 UTC)
North Adriatic Sea Border Line
Traffic Lanes Adriatic Sea
Coastiine
Seperation Zones Adriatic Sea
MODIS/AQUA (06/08/2008 - 11:50 UTC)
0 1 2 4 6 8

(NASA) MODIS/TERRA (NASA) MODIS/AQUA

10:10

11:50

EUROPEAN COMMISSION

DRECTORATE GENERAL

Joint Research Centre
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Legend HF Radar Surface Currents (17:00 UTC)
North Adriatic Sea Border Line
Traffic Lanes Adriatic Sea
Coastline
Seperation Zones Adriatic Sea
Radarsat-1 (06/08/2008 - 16:45 UTC)
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INTEGRATION

Sat image, AlS shipping, HF currents and Wind Stress on top Navigational chart

PISCES II Instructor - ISTRA EMSA - [AISTargets-3-Aug-1900-BT-1h-wind-sheen]

Fle Scenario Chart Tools Emvironment Polution Response Options Window Help
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INGV — NASCUM project on HF currents
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Backward and Foreward Simulation

Backward (Hindcast) modeling and Foreward Simulation based on HF Radars and VTS
shipping database increase polluter identification feasibility!

T (=) Pollution
i (: e . - S’x(» “3pll solroes ‘
= Spil statistcs Ai 20°C
. . History Sea state Om
Yoo e e o % ® ® B w® %® W® v v v v v v 3 ol S 1030 kg3
: Cloudine: 3
© = ® ® ® ® ®» ® ®» B ® ® e v e ® v © (=) Environment
J \\-\e‘e\:‘eh‘abbb‘a\:‘vw*@\:‘ew\» ~ Meteo data
- Currents
L~ /K“eb(bbb(b‘e'ﬂa@)v“e‘e(\)‘e s
) - Coastine
LN - Wind
\ ~ESA
\» - | Incident data 1
T
03.08.2008 19:30
06.08.2008 11:31
00 | 0% s
10m
50 %
10
o 75 %
dlr 10
300 sec J
[ 5o | 250
5% J 5%

?

: =) Incident data setup
+f Impact area
= Coastline

-{#) Coastline properties
03.08.2008 19:30 06.08.2008 11:31 ||| e Main location point

® Location points
= Environmental conditions
-~ Field of currents

= Wind
=) At temperature.
-5 Water temperature

0 & Seastate
! -5 Water density
S GWM Overlays -5 Cloudiness
Z Grid ~(©Esa
e Ve NOAA Dverlys & Poluion
PMAP Overlays -5 Onewater spil
° ® Air pollution
~ & "~ Rings Response resources
‘ [ 7] TX97 Overlays = Resource stiucture
= % %& Incident Data Objects = Assignment structure

= Resources

3 Boom Towing Formation

<New preset>




e

b . . . . L

| e ° e % % § f § ¢ P F P F P oEF P F P F R Ef_defﬁ‘
. Backtracking thepolluter - animation: -

o o o o P [ P [ P  p ® w© = 8 w8 b b 1] ] ] b & b &u@

& e e m h:] L] L] o ] b b b b b b b

=

b L
it L ARGOMAUT

= of 4 o 4




Backtracking concept
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W - width of wake [m]
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Remote sensing and monitoring Spill signatures

Amorphous

Old spills Broad distorted

Old spills Angular

Linear spills Straight

Linear spills Narrow-straight

) U* X? —0.44
W =17986 X

Ship wake width

Small operational
releases 2

typical spreading rates
equal to time raised to the
0.6 power (t%¢)
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Oil spread exceeds the wake boundary



Remote sensing and monitoring “Identification” of noncooperative

Ship speed from SAR observation — wake signatures vessels
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Remote sensing and monitoring “Identification” of noncooperative
vessels




Remote sensing and monitoring “Identification” of noncooperative
vessels

Ship speed from SAR observation — Doppler shift
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Remote sensing and monitoring “Identification” of noncooperative

.. . vessels
Vessel positions shown using ICOADS, VDS and AIS
a3 RS TN R |~ enera c
_ SN e >
i . N \ s e 4 ' Using ENVIST AS products, (c) ESA (2002-2009)

uuuuu




Remote sensing and monitoring

Vessel positions using AlS
“triangulation” i.e., trilateration

“Identification” of noncooperative
vessels

c:1436866761,5:002780202*09\$ACVSI IZOLA 7,093912.856843 482, -93 20%10
c:1436863768,5:002780202*68\ $ACVSI IZOLA ,1,084919.657218,737 -108,14%20

VDM/VDO

TOA, time of message arrival

J Unique Identifier J L |— Signal to noise ratio (dB)
UNIX Epoch BS First slot no. of VDL




The dynamic of disposa| at sea Advection and weathering of operational
released slick (overriding regulations)
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The dynamic of disposal at sea Wake effect

Dilution and concentration at a point in the wake

IMCO - dilution effected in three
different stages:

(i)

(ii)

(iii)

turbulent mixing in the ship’s
boundary measurable in
seconds,

in the second stage - after
about 20 minutes - due to the
turbulent mixing, the
concentration is declining
rapidly, and

dilution due to subsequent
diffusion

into the surrounding sea will
oCcCur.

1000000
—————  |MCO (1975)
Q Field data Delvigne (1983)
e ChoOU (1996)
— O  Field data Chou (1996) o

-
dilution ratio g

E

0211 . t0_552 . U1_552 . Bl.448
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Q

100
1 10 100 time [s] 1000 100



S O m e d e t e C t e d Requirement MARPOL Annex Il (1/7/1986) MARPOL Annex Il (1/1/2007)
. A B C D X Y F4
pollutions are not Pollution
. . Category Major H o Minor |Recognizable Major H d Minor
n eC eS S arl Iy | I | eg al Hazard azard | yazard Hazard Hazard azar Hazard
Maximum MARPOL Annex Il Ship Details
Residue After
Stripping IBC/BCH Other
If “2” and in
X1 <1/7/86 300 900 Ne 300450+ | 3% 900 IBC Ch.18,
/ +50% | +50* . N +50% | +50% ty t
(BCH Ships) i iters® | Minimum liters S A empty to
liters lite liters liters maximum
Not extent
Applicable
oy il If “0S” and
1/7/86 <X 100 300 No 100 +50* 100 300 in 18C
@ < 1/1/2007 +50* +50* minimam liters® +50* +50*
‘ (1BC Ships) liters® | liters” liters* | liters* | Ch.18,not
E applicable
BARE TUBE O 2121 SEHI ﬁ\ ﬂ a 4 ; " 1!1f2007
& |8 = .
1|3 Not Applicabl
El % (IBC Ships) ot Appiicadie
1 |¢
el b * performance test tolerance " performance test required
Discharge
Any Any
residue to = :n = ln?l residue to
reception :‘ﬁr:he iﬁprhe <1 part reception
Concentration facllity, wake wake NLS to 10 facility,
except R parts except
0.1% by water 0.1% by
N of the of the B
weight or <hi <hi weight or
below. P P below.
En route > 7 Knots >7 Knots
Piping Outlet . Underwater (not mandatory for ships with
Location Underwater Not Applicable X [1] €1/1/2007 carrying Cat. Z)
Nearest land =12 nautical miles and water depth > 25m 2 12 nautical miles and water depth > 25 m

X - Keel laying date or commencement date of conversion to a chemical carrier
Pollution Category 12! - Annex Il and OS5 categories not listed, there are no carriage requirements




HNS Weathering

Fate of chemicals in the environment according to their behaviour

G E Atmospheric dispersion

Photolysi

Spreading F Emulsification

Frogmentation

L]

Dissolution
 Dissolution | e

Biooccumulation

S
ol

hours days weeks months



Polluter identification

Advanced backtracking model, based on GIS contextual data, the shipping data,

and the metocean data

GIS data_

*TSS A .

*Ports 7 R
*Terminals gf-l‘“”‘
*Platforms IS
*Wreaks NS

*Natural seeps ’('\?“l,’i.
*Bathymetry ... '\ =-.

*RADAR
*AIS
*VMS
*LRIT
*Reports
*SAT

*Log Book ...

ek

Shipping data  ii

Metocean data %

*Wind
*Waves
*Currents
*Tides
*SST
*Chiorophyll L.

Concept

7

PROSECUTION

Deterrent
effect

“Validation” Metocean
data — AlS currents &
Hind Cast Oil Spill
modeling and polluter

backtracking

Polluter identification

Metocean &
> “Oil Spill”
forecast modeling

Collecting evidence

ik

ol
!

_I:b

& 4%
, Processing

Advanced response support

Early warnings, Confirmation &
Response
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18947 SAR images analyzed - 9299 possible oil spills detected
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Long-term monitoring of oil pollution

- |l JRC

EUROPEAN COMMISSION




Long-term monitoring of oil pollution
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large slicks

Confirmed mineral oil;
area > 100km2




2016
102 indications

34;: <1 km2
56;1-10km2
9:>10km2
3; >50 km2

CSN Results; Adriatic Sea
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2014-2015 analyses

211 slicks identified

35 within territorial waters

Probable  spills and
detection density in the

Adriatic Sea

distribution
qualified by
perimeter

distribution
qualified by area

The circular and convex-shaped
slicks are probably more related to
offshore discharges or identify
older, broken spills.

More frilly and irregular
outline, suggesting they were
caused by vessel discharges.



Analyses

211 slicks identified

35 within territorial waters

Normalized detection
density in the Adriatic

Sea



Case Study I: Annex ||

022OLE
VI, ’ -

Simple case? Easy to identify vessel ... whaf
about the surfactants characterization




Case Study I: Annex ||

Discharge terminated while passing
territorial water, may lead to good practice
following Annex Il of Marpol




CONSEQUENCE’S
AVERAGE CLEANING COSTS AND EXPECTED OIL RELEASE

| $ 24,000 $ 13,000
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MODIS 17th Nov.2014 May 2017
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Crisis Management “Und Adriyatik Case”




Image © 2008 DigitalGlobe
Image © 2008 TerraMetrics
Image NASA
© 2008 Cnes/Spot Image
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Simulation based decision making GO e Gt e T S o 40
Determining wind and currents o] 2| ] 25 [ e o] 0% [ A 8] G ] e ] 2
Contingency planning I_-H@IQIK&I**I"I:’I 2

Comparison of the ship’s drift based on -00m e
the real AlS trajectory with the
simulated one. h

Analyzing the life raft drift!

A ship handling simulator was used as
a tool for modelling the ship’s drift I ,
ll i
shipinfo A
Name | SpeedL | Headng |S0G | coG | ROT | SpeedF ISpeedAl

0s1 -0.2 213.8 1.3 113.3 0.1 -13



Oil spill simulation — with the winds and the field of surface currents (At=24h)

07.02.2008 7:24 - Oil impact on land
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. 15 July 2022 and 22 July 2023
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Sea Surface Temperature Anomaly - Mediterranean Sea. 24 July 2023

Sea Surface Temperature Anomaly (°C)
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Credit: European Union, Copernicus Marine Service Data - Visualised by @DEFIS_EU
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Thank You




2000

2005

2010

L-Band

C-Band




Satellite radar image — Wide

50-150 m resolution
300-400 km swath

ENVISAT-ASAR © E

only to show relative size, not actual zoom->



Satellite radar image — Standard

25 m resolution
100 km swath

ENVISAT-ASAR © ESA

RADARSAT © CSA/MDA



Satellite radar image — High resolution

10 m resolution
50 km swath

RADARSAT © CSA/MDA

RADARSAT © CSA/MDA



Optical satellite images

QuickBird

Tuna cages
Sub-meter

resolution,

~15 km swath Correlated to
« 19m Maltese FV (LL)
with very small speed

1.8 m b/w



Synthetic Aperture Radar (SAR)

Radar, suitable for use on satellite

Wide area, low resolution

Narrow area, high resolution




Sentinel Online — Technical Guide

e Sentinel-1 SAR - Technical Guide - Sentinel Online - Sentinel Online
(esa.int)

e Ground Range Detected - Sentinel-1 SAR Technical Guide - Sentinel
Online - Sentinel Online (esa.int)

 ASAR-Product-Handbook.pdf (esa.int) OIL

L1GRD | " L1GRD | " L1GRD

*Full Resolution «High Resolution *High Resolution
*High Resolution «Medium Resolution *Medium Resolution

*Medium Resolution
L. r, a\ r, a\



https://sentinel.esa.int/web/sentinel/technical-guides/sentinel-1-sar
https://sentinel.esa.int/web/sentinel/technical-guides/sentinel-1-sar
https://sentinel.esa.int/web/sentinel/technical-guides/sentinel-1-sar/products-algorithms/level-1-algorithms/ground-range-detected
https://sentinel.esa.int/web/sentinel/technical-guides/sentinel-1-sar/products-algorithms/level-1-algorithms/ground-range-detected
https://earth.esa.int/eogateway/documents/20142/37627/ASAR-Product-Handbook.pdf
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Sentinel-1 Intensity Analysis in ENVI SARscape Tutorial (hv5geospatialsoftware.com)



https://www.nv5geospatialsoftware.com/docs/Sentinel1IntensityAnalysisTutorial.html

ESRI

e Introduction to Synthetic Aperture Radar (esri.com)
e GUIDE: FUNDAMENTALS OF SYNTHETIC APERTURE RADAR (SAR) (arcgis.com)



https://www.esri.com/arcgis-blog/products/arcgis-pro/imagery/introduction-to-synthetic-aperture-radar/
https://storymaps.arcgis.com/stories/20d8cd2ce11a4d5d81a8a65711d5ec29

NASA-ARSET

* ARSET - Introduction to Synthetic Aperture Radar | NASA Applied

Sciences

 Session 1: Basics of Synthetic Aperture Radar (SAR)
* Session 2: SAR Processing and Data Analysis

* Session 3: Introduction to Polarimetric SAR

e Session 4: Introduction to SAR Interferometry


https://appliedsciences.nasa.gov/get-involved/training/english/arset-introduction-synthetic-aperture-radar
https://appliedsciences.nasa.gov/get-involved/training/english/arset-introduction-synthetic-aperture-radar
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