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Conference sessions

= Session 1
v" CleanSeaNet 10 year anniversary

= Session 2

v" (a) ESA/EMSA collaboration
v" (b) EMSA’s involvement in the Copernicus Programme

= Session 3
v" Defining the future
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Celebrating 10 years

CleanSeaNet service

10 years of CleanSeaNet
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Starting CleanSeaNet

= Article 10 of Directive 2005/35/EC
of 7th of September 2005:

EMSA to “work with the Member
States in developing technical
solutions and providing
technical assistance in relation
to the implementation of this
Directive, in actions such as
tracing dlscharges by satellite
monitoring and surveillance.”

= ESA-MarCoast project
= KSAT services
= JRC-EGEMP meetings

= Clarification meetings with industry
and Member States in 2005

= CleanSeaNet operational Apr.2007 ‘
M EMSA




CleanSealNet

= Routine monitoring of all European
waters for ship-source discharges

v’ Detection of possible oil spills and
other discharges

v ldentification of polluters by combining
CleanSeaNet and vessel traffic data

v'Information is delivered to users in
quasi real time (less than 30 minutes
after satellite overpass)

= CleanSeaNet support to
emergencies

v' 31 oil spill emergencies supported
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CleanSeaNet

Current figures (2016 results)

3 0 minutes "b.'
NEAR REAL TIME SERVICE ; \"

between satelliteimage acquisition EMSA SATELLITE PORTFOLIO EXPANDED
and reporting of detection results to
the affected coastal state in addition to Radarsat-2, currently EMS54's

portfolio includes the Sentinel-1, the
TerraSar-X and the Tandem-X constellation
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CleanSealNet
Benefits to EU Coastal states

v’ Sustainable and EU-wide
harmonised service

v'Use of the same satellite image for o
multiple Coastal States :

v'Economies of scale in satellite
Image and service acquisition

v Optimisation of the use of Coastal
States survelllance assets

v'Deterrent effect for European
waters
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CleanSeaNet

Long term deterrent effect
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CleanSeaNet

User Consultation and Training

= CleanSeaNet yearly User Group

v'Discussion on the use of the
service

v Feedback / operational results
v" Identification of improvements
Strong link with users

= CleanSeaNet Trainings

v'Over 20 dedicated trainings
provided at EU and National level
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CleanSeaNet
Strong industry involvement

KSAT =

KONGSBERG SATELLITE SERVICES
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DEFENCE & AEROSPACE TECHNOLOGIES

A big thank you !




CleanSeaNet

Cornerstone of EMSA EO Services
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CleanSeaNet

From Europe to the World

From monitoring EU Waters to surveillance of global
areas of European interest
N £ N T Y

CleanSeaNet monitoring areas

[ European Coastal States
| European Neighborhood Policy
[ Projects
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CSN - THE BEGINNING
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CSN — TAKE 2
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CSN — TAKE 2
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CSN — TAKE 2
®>@>E»O> >0

Verification/confir Sample collection
POLREP mation of spill in and further Identification and
situ analysis record of all claims

Polluter data Inspection/investig Record of all
collection ation of potential resources used
polluter(s) and time spent

OR CRIMINAL PROCESS
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€SN IN PORTUGUESE NUMBERS
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CSN POTENCIAL SPILLS DETECTED
DISTRIBUITED BY YEAR
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€SN IN PORTUGUESE NUMBERS
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€SN IN PORTUGUESE NUMBERS

CSN POTENCIAL SPILLS DISTRIBUITED BY :
GEOGRAPHICAL LOCALIZATION s
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SOME CSN CASES
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AND NOW? WHAT ARE WE EXPECTING')
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SYKE

CSN Users In Finland

The legislation defines, that main responsibility for surveillance
of ship discharges to the Baltic Sea is with the Finnish
Environment Institute (SYKE)

SYKE has agreement with Finnish Border Guard on cooperation
In pollution response and on pollution surveillance

SYKE has financed the oil detection equipment of the FBG’s
Dorniers

Currently both SYKE and FBG use the CleanSeaNet and get the
alerts

CSN User Group meetings are highly appreciated. User Group
provides platform for interaction between Member States and
EMSA experts but also among the Member State
representatives.

o We are happy that the same concept has been adopted for
other EMSA services as well!



SYKE

Planning

The Baltic Sea is quite small, thus the HELCOM aerial
surveillance working group defines the number of satellite
Images (services) that the Baltic Sea states would like receive
from EMSA

FBG takes the satellite overpass schedule into account when
planning the Dornier flights

Flight planning is coordinated also with our neighbors — Estonia
and Sweden

If aircraft flight is not planned and satellite alert indicates
possible spill a helicopter is dispatched if possible

Users appreciate that allocation process is not used anymore



SYKE

Results

In the Baltic Sea area the amount of olil spill detections and we
believe that also of oil discharges has drop significantly during
pass 15-20 years

Discharges of “unknown substances” are more common than
earlier

In 2016 the Baltic Sea was survelilled for oil and other spills with
almost 4300 flight hours.

o 160 detections out of which 53 were confirmed to be mineral
oll

o 9 polluters were identified

o Total amount of oil was 5,7 m3

In 2016 CleanSeaNet detected 270 possible spills, 30 were
confirmed to be mineral oil or other substance.



HELCOM Annual report on
Discharges observed during aerial
surveillance In the Baltic Sea 2016

| Total number of flight hours and confirmed oil spills in the Baltic
Sea during aerial surveillance,
1988-2016
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Thank you!
Obrigadal!
Kiitos!

SY KE



Ministry of Infrastructure and
J Waterstaat

10 years CSN Service
Netherlands

Michiel Visser

Advisor maritime response
organisation

Rijkswaterstaat




NL history before CSN (2007)

1993 NL first steps toward satellite pilot project N TNt

- TSS(Tromso Satellite Station)
- Framework ESA ERS-1 pilot projects)
- (171 images ERS-1 and 272 flight hours)

Results(general);

- Synthetic Aperture Radar data large potential for
detecting slicks

- Fixed overpass times
- Coverage is fixed due to orbital scenarios
- Slicks could not be identified

Recommendation;

e Collect a larger dataset of verified slicks for
statistical validation of SAR data

Figure I - Tracks flown by the PH-MNZ during the orbits 194

Rijkswaterstaat



Operational system needs;
— Limited time delay s
— Robust, easy to use, reliable
— Sustainable

e 1995 Joint Bonn Agreement test
- Netherlands(RWS) decide to incorporate satellite imagery beside surveillance program
(as early warning system, within 2 hours )

e 1996-2007 Several programs (European cooperation)
- 2002 TSS en Qinetig ( Long term Earth Obeservation Market Development of Envisat-
Based(Marine Surveillance))
- 2003 North Sea Demonstration(UK,D NL and TSS)

Rijkswaterstaat



Rijkswaterstaat Zee en Delta
(waterquality)

Netherlands Coastquard
(law enforcement)

g
= Integrated with aerial surveillance 3§
program(1200 hours) 1;4 3
(50% EO scenes followed by planned "~ Ty J
flight or ad-hoc flight ) h | *“
1 s
MJ;E\‘\ = _ ﬂll _'.:\;:,P %L\
= Alerting procedure is simple and fast \ FI A '
(red or yellow alert) e, ] ]
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2007-2016
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Example pollution offence 2015
Netherlands and German Northsea

e Full sequence of detection and law
enforcement

- CSN Service

- Aerial surveillance

- International cooperation
- Bonn Agreement



Cleans Sea Net alert report

!Eé

CleanSeaNet Alert Report

M A Scene Il 1004311

RADARSAT-2 - SCWA - 5CWA
Dutails of possible Spill n*1 - 05_1004311_1

NETHERLANDS  Acquisibon

2015-10-26 06:03:18 UTC
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Alerted surveillance
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Manifold and pollution
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2015.10.26_07.57.32_FlirLl.mpg



Example of Coastguard follow up (nov 2017)

e Based on satellite image and AIS

e Paper/desk investigation (vessel
type,cargo etc...) B

- Vessel contacted w CleanSeaMet Alert Report NETHERLANDS Aeguiston Stan Time uTe
Service Identifior 1711060008 SENTINEL-1 - CSAR - IWS {(List of Spiis) (IS Viewsr )
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e Start research for partially
replace and/or reduce flight hours
for pollution detection.

(due to mature CSN service)

- 2021 renewel contract fixed wing
surveillance

- Adjusting the flight operation
In coverage and area

- 1 satellite image covering NL EEZ
equivelant 4,5 flight hour

-  Following the UAV development

-  Dutch Carribean

Rijkswaterstaat



Rijkswaterstaat and the Netherlands Coastguard
thanks EMSA for the mature development

of the Clean Sea Net service that has been
reached in 10 years.

Rijkswaterstaat



Italian Coast Guard




Italian Coast Guard

e OnJanuary the 13rd 2012, Mv “COSTA
CONCORDIA” (italian flag) sunk next the Giglio
Island In Tirrenian Sea.

» Tragedy. 32 persons died.

e The risks for the marine enviroment were a
true nightmare.



Italian Coast Guard

 Escaped the environmental disaster it was
necessary to continuously monitor the wreck.

e EMSA took part in this event through CSN,
providing many specific images of the area,
required by Italian Coast Guard.






Italian Coast Guard

Search LO Scone Od Spll Detecte... AlS Standing... Feedback Alert Re...

1 rova rotrieved % @& 3 (1] (6] €]
Satellite Acquisition time Total ollspiis Ollspillls Status
O Radarsat-2... 01-02-2012 05122128 0 O Red/0 Yellow... Delivered

. Wreck of “ Costg,Concordia’

b
R




Italian Coast Guard

A similar situation occurred on March the
10th 2012, when tanker “Gelso M” (italian
flag) aground close to Augusta in Sicily Island,
In lonian Sea.

e Here, the risks for the enviroment were very
strong given the vessel tipology (vessel in gas
free - high risk of explosion)



Italian Coast Guard

Search EO Scene oil spill Detect... AIS Standi... Feedb... Alert R...
L) i . i
r " a ’ .
<‘ Ay = u& 1 rows retrieved "y =) | M @ . @
| ]
L 3 Satellite Acquisition time Total oilspills Oilspills Status
‘. \p
Sy Radsrsst-.,. 24-03-2012 05:06:54 ] 0 Red/0 Yello,,. Deliversd

‘t Search in selected scene,

BN TR £

] by e
Itern identifier 21362 .‘3}‘._.@ 2 oy = SRS 0_0000000

Acquisition start 24-MAR-2012 05:06:54 Acquisition stop 24-MAR-2012 05:07:36
Satellite Radarsat-2-SAR-R2 Sensor Mode ScanSARNarrow
Polarisation Orbit DESCENDING
Total oilspills g Oilspills 0 Red/0 Yellow/0 Green

Coastal states malta,European Union,Italy Feedbacks Not Available



totale Possibili inquinamenti
CSN ; . .
eventi rilevati
possible
Anno* clsiaan rgle;t oil slick
P detected
2010 254 161 93 217
2011 217 119 99 247
2012 281 168 113 254
2013 348 258 90 175
2014 293 214 79 155
2015 291 180 111 291
2016 354 225 129 224
LT 299 150 149 265
Potenziali inquinamenti
mese . .
rilevati
possible
. clean alert .
numero eventi I — oil slick
P detected
2337 1325 714 1563

* Dato disponibile dal 1 gennaio 2010
** Aggiornato al 31 agosto 2017

riscontro
n. navi
interrogate
positivo  negativo
13 204 372
14 233 456
12 242 373
13 162 277
18 137 265
14 277 363
13 211 308
7 258 382
riscontro
n. navi
interrogate
positivo  negativo
97 1466 2414

P.S.C./F.S.C.
richiesti eseguiti
64 13
72 49
45 31
44 25
47 33
127 87
110 83
177 97
PS.C. /ESC.
richiesti  eseguiti
509 321

Italian Coast Guard

mezzi del corpo

riscontro L .
implegati
altri mezzi
. . impiegati
navi con navi .
deficienze detenute CIEEY | TRy
13 6 14 46 0
17 3 11 24 8
1 0 7 44 4
10 1 9 17 3
13 0 3 13 1
23 4 10 19 0
23 2 2 12 3
12 2 3 7 0
. mezzi del corpo
riscontro o :
impiegati
altri mezzi
. . impiegati
navi con navi .
deficienze detenute CIEHED | TRy
100 16 56 175 19
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TerraSAR Imaging Services
10 Years EMSA CleanSeaNet

DEFENCE AND SPACE

Alexander Kaptein

November 2017 AIRBUS




TerraSAR Services
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TerraSAR Services

What’s ahead?

10 Years EMSA CleanSeaNet

More receiving stations & antennas
e.g. KSAT’s Troll

Better Tools to detect small vessels
e.g. in 3 m data many small ships detected by wake only

More SAR Satellites: Hisdesat’'s PAZ (2018), HRWS (2022+)
and many more small sat missions: multi-mission tip & cue

Persistent Monitoring: High Altitude Platforms
e.g. HAPS / Zephyre

Analytics for near-real time operational support
e.g. C5ISR, commercial services on demand

AIRBUS



Thank you!

Alexander Kaptein

Head of Future SAR Missions

Airbus Defence and Space, Intelligence
alexander.kaptein@airbus.com

© Airbus Defence and Space 2017 AIRBUS
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DEFENCE AND SPACE

AIRBUS

The Power —
Of AIRBUS Defence and Space

@ 0

As part of the Airbus group, we COMMUNICATIONS MILITARY = SPACE

benefit from the power and e AL*WFT S STEMS
P _ & SECURITY ( S)-#""" -

strength of a global leader in ’ _ p—— . '

aerospace, defence and related :

services, guaranteeing

confidence in our commitment to

provide sustainable Earth _ 1 " Intelligence “ Y w' y
observation and defence i . ) .
solutions.

AIRBUS



DEFENCE AND SPACE

A Legacy of
Experience
& Expertise

' | Intelligence 4
1995 2007 2014
TerraSAR-X Full int :
1997 Launch inuAiIrrl])Sg jation e -d ‘
Defence and ‘ e 1
Space §
2010
] Launch of
e TanDEM-X for 2015
and Dornier | woriapen™ Lead provider
companies of lntelllg(_ence
| I systems in
i [ France
MATRA/% § EADS
* | ®
BDORNIER

DEFEMNCE & SPACE

Geo-Intelligence
Integrated Systems

AIRBUS



DEFENCE AND SPACE DMC Constellation SPOT 6/7 TerraSAR- Pléiades
22m resolution 1.5m resolution X/TanDEM-X 0.5m resolution

0.25m-40m resolution

Multi-Sensor,
Multi-Resolution

OUR DATA
MAKES THE
DIFFERENCE

Most comprehensive satellite
constellation - 10 optical and
3 SAR satellites & partner satellites

Wide coverage, fine detail,
premium reactivity & reliability

>100 Billion km? archive data since
1986

Service continuity guaranteed for
the next two decades until 2030
and new data sources and
platforms under development




Spatial resolution range Satellite missions

DEFENCE AND SPACE
. . VHR-1 Pleiades 1A & 1B
OUI’ COntrlbUtIOH tO EMSA EM5:4 (from 0.3 m to 1 m) Deimos-2
o VHR-2 SPOT6 &7
(from 1 m to 4 m) Formosat-2
O Optical Satellite Imagery &Value-Added Products for Maritime Surveillance, i
N/A
from 4 10
O Framework contract, 2015-2019 (from Hrgt: m)
) Deimos-1
O 2 years plus option for one year extension twice (DML CHNRCTRE )
SLA
Short notice Tasking Routine Tasking Archive
24/7 8H-18H UTC
< 24h before acquisition Up to 24h before acquisition
Deliverables
EOP VDE ACT CDE

Change detection

Imagery Vessel Detection Extraction Activity Detectio Not Yet Applicable

Delivery constraints

NRT <3H <6H <24H >24H
5 22 February 2018 AI RB US



DEFENCE AND SPACE
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ServicelD 1703130031
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DEFENCE AND SPACE

Our ambition: Becoming a reference

Maritime Domain Awareness solutions provider (services & Systems)

SEensors
Human

©pen Sources
DataBases

/

Maritime Domain Awareness

A3

ZA\.

pisseminate

could impact the security, safety, economy, or environment of a Nation.
The effective combination of Intelligence & Situational Awareness

“...the effective understanding of anything associated with the global maritime domain that

Dacldg/Act
Strategic
Operational
Tactical

Pradici/Ariticlgziie

JA\ 2\
Observable Vessels People
items

AIRBUS



DEFENCE AND SPACE O Inte"igence o Other Airbus DS

@ Preferred partners

Airbus, your partner to set-up your MDA system
Keep what you get, add what you miss

A Display / Sharing
Data Fusion

Optical Satellites

Radar Satellites

MetOcean

Reference Layer
Marine charts / Databases



DEFENCE AND SPACE

Intelligence

Visit our website

http://www.intelligence-airbusds.com

FOLLOW US

y#AirbusSpace m

AIRBUS




Industry perspective: CLS

CleanSeaNet 10 year anniversary celebration
EMSA - 14 nov 2017




@ SHAREHOLDERS WORKFORCE WORLD - 650 EMPLOYEES TURNOVER

GOLLECTE LOCALISATION SATELLITES _tnes AR i ';)f e
FRANCE =7C ﬂ (Y] “'m{
AMERICAS 150 EXPECTED IN 2017

ACTIONABLE INTELLIGENCE s

FOR MARITIME SURVEILLANCE

s R S L R — -

MULTI-SOURCE DATA - - o
SSAS -AIS - SAT-AIS- LAIT-VMS | J0)0
- OPTICAL 6 RADAR IMAGERY- | wl

Y RPAS - SHIP REGISTRY - MARINE | Ll
ENVIRONMENT

LR | /oZ)  DATAPROCESSING ANALYSIS G

FUSION - MODELING - BIG DRTA -
ANRLYTICS

&7 4 3 I
N : NECISION MAKING :
\\*'. PLATFORM - DATA PROCESSING

férﬁ: ==Y | wonmoninG dF N | ad RNRLYSIS & FUSION - MODELING -
L HSHING v

|LLE SHIP EMISSIONS ' BIG DATA - ANALYTICS



10 years’ contribution of CLS Group to EMSA CleanSeaNet service

LRUNCH OF CLERNSERNET CLEANSERNET V2 CLERNSERNET RENEWRL
(opemicus (opemicus (opemicus (opemicus
< % ‘ SENTINEL-1R LAUNCH ") SENTINEL-18 LAUNCH
THE F1 PROCESSOR THE SENTINEL-1 MISSION
PERFORMANCE CENTRE

! ! [
‘ CLS VIGISAT DFACIAL DPENING 015 VIGISAT
CLS VIGISRT-X

BOOST TECHNOLOGIES \ o

divs

SIRS JOINED CLS GROUP



Use cases:
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First case in Europe in a maritime pollution prosecution using SAR imagery
25/02/2012 — CLS VIGISAT

e fmar W et

e s Poliurticn : Un tribunsl anglais condamne un

-——p navine siar la fod d'une image satelite
Pyt

nk.com

b
WINDRON MOQRY

Radar echo of s
Maersk Kiera Hebiton,

Name : MAERSK KIERA
MMSI : 566234000

Flag : Singapore

Type : oil / chemical Tanker
Length: 183 m

Friday, Oct. 04, 2013,

“This is the first time satellite imagery has been
successfully used as primary evidence in a maritime
pollution prosecution brought by the Maritime and
Coastguard Agency. [...]”

| CLS
lﬁﬁﬁ!@eam SealNet 7European Maritime Safety Agencys 5o
€




]
Small vessels detected by VIGISAT help rescue 370 migrants in Mediterranean sea

06/10/2015 — CLS VIGISAT

FRONTEX EUROSUR SERVICES HELP RESCUE 370 PEOPLE OFF LIBYAN
COAST

Mare than 370 people were rescued off the Libyan coast this week
Afver thelr vessel were Getectad on Sateline Imapes taken as part of

anc: the Curcpesn

Lr oflen O
rmation was passed on 1 the Itallan athorities, which
nformed the EUNAVFORMED fagsnip Cavour presest in the area

A3 8 res o Ard A e rubbar b

res. The pecpie inche

M e B OUT D egRant, wormen

e 1 amework desigred Lo improve

The Eeroser services aready Inciude avtomated large vesssl tracking
00 SetACTON CApADAITIES, S3Tear e FuncTiOnaItIes Mlowing COmplex

3 a0 Getecting

AR D)
DS L rarn

SIS WMt

Last merth, he . . . s od

aboard & Litrys: bound carge ship that had bewn
ver boots spotied ne|
manitarad by Frontex 35 part of the Eurossr Fusion Sarvices

http://frontex.europa.eu/news/frontex-eurosur-services-help-rescue-370-people-off-libyan-coast-MxXy7S
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Copernicus Sentinel-1 and CLS related activities:
to provide even better CleanSealNet service




CLS VIGISAT: First operational Sentinel-1 collaborative ground station

According to the specific requirement of the CleanSeaNet
renewal tender (OP/15/2013), service providers were to deliver
Sentinel-1 based services 6 months after the completion of the
Sentinel-1 commissioning phase.

In May 2015, VIGISAT, the CLS ground station, was officially
recognized as Sentinel-1 collaborative ground station

In July 2015, VIGISAT became the first operational collaborative
Sentinel-1 ground station worldwide

In October 2015, CLS started to deliver S-1 based CleanSeaNet
services, several months ahead over the other services
providers.

b 4

o Bilad .~ . gX S

@ esa space for europe

Lurzgans Samw Rgrery

ACCES GARANTI POUR LA FRANCE AUX DONNEES DES SENTINELLES

LS i viimart gus 580 Do Sugound Pl B sl0e e TESA & Pand, Ls France of
||..A.a.-rtmmn.-n.|au.- vopeiraten pectant ma be sesmet sol colaborind des
Surtrwlet, GU8 vt ) Tsoliter | ampiokation dey donnEsT 088 Santneles dars s p

Do b Cadre de ot accord, be CMES va mstaler §
Toadose U = sie MO NNl = PO e o
destribues s denndes de Sentinelle. Cel o6 e s
anmrers Tatobs o Ls Senbution det Satndes del
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An oil spill on the 1st Sentinel-1 image

processed hy VIGISAT




CLS: High quality CSN service provider

Maritime Domain
Awareness

Direct Reception

Operational Service Capacity

Satellite Data (EO,
¥ tracking) Expertise @9
A L PR VY =



Key Performance Indicators (2017)

18 % 95 %

OF EMSA AREAS COVERED BY CLS STATIONS NETWORK PERCENTAGE OF IMAGES DELIVERED TO EMSA

‘

81 % coNmRMED DIL
14 TYPES OF IMAGES SPILL NOTIFCATIONS

Source: CLS



Conclusions

Proud to provide CleanSeaNet service to EMSA and
to support action of EU Member States

Great illustration of what Europe is capable of

CLS, exporting this service worldwide

Hope to see you all for the 20 year anniversary !

Thank you gfabritius@cls.fr
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Brief Introduction to EDISOFT EDIS@ FT

DEFENCE & AERDSPACE TECHNOLOGIES

Y Thales ATHALES Group Company

AIR SPACE
SYSTEMS SYSTEMS




EDISOFT

DEFENCE & AEROSPACE TECHNOLOGIES

EDISOFT Vision

| To build a Portuguese Ground Segment Infrastructure with worldwide visibility ...

| ...EMSA & CleanSeaNet were a key pillar in the materialization of this vision




CLEANSEANET Accomplishments

| Service Portfolio

| Oil spill detection
| Vessel detection
| Target activity detection

| Enhanced Vessel Detection

| Service Statistics (CSN Il & I11)

312

49

100

400 :
364
348 '
318 — 1
— 294
300
200 158
13"
100 GBf Bf
—_ 37
4 R 4
0
2011 2012 23 214

m— orv Delivered  =—05W —— 05N

2016

EDISOFT

DEFENCE & AEROSPACE TECHNOLDGIES

| Oil Pollution Statistical Analyser (OPSA):
generation of robust statistics on spatial
and temporal variation in oil spill
occurrences

Relative oil spill density map 2013 (default criteria) generated by OPSA tool
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DEFENCE £ AERDSPACE TECHNOLOGIES

Sinking of ‘Oleg NaydenoV’

| Date and time of sinking: 22h45m, 14/04/2015
| Amount of Fuel: 1.400 tons
| Place: Canary Islands

| EDISOFT monitored fuel leakage
upon EMSA request

Image acquired in 17/04/2015, two days after sinking




Infrastructure

| Santa Maria Ground Station

5.5 meter diameter antenna

Parabolic shaped reflector and receives signals in the S-band and the X-
band.

S-band auto-tracking capability

Antenna can be moved in any direction with a speed of up to 5 degrees per
second

Pointed with accuracy better than 150 thousands of a degree
Antenna is owned by ESA

EDISOFT owns the X-band SAR processing capability. This allows the
processing of the SAR sensors of Radarsat-2 and Sentinel-1 satellites

ENVISAT RADARSAT-2
RADARSAT-1 Sentinel 1




Processing Chain

| CleanSeaNet processing chain fully
developed by EDISOFT

| Proprietary Analysis Tool and Geo-Browser

— Antenna Service &
Acquisition -
Operations Resource Planner

Auxiliary Data Bus

Quick Image Detailed Image
Analysis Analysis
Delivery Manager

SAR Processing Quality Image
Analysis

EMSA DC
A-1/54

| Upgrade of EDISOFT processing
chain to cope with SENTINEL data
requirements

| Virtualization of the SENTINEL SAR IPF

using Docker
£3 OPENSHIF T

m—'r';::l
=5 . kubernetes




EDISOFT

DEFENCE & AEROSPACE TECHNOLOGIES

Operations

| Operations fully performed in Azores
| Santa Maria Station staff: 10 persons
| 4 CleanSeaNet service operators
| Backup centre in Lisbon
| Dedicated communication link to Azores W
| Service-ready Workstations
| 3 CleanSeaNet backup operators

| Technical support

Image from Acores archipelago: First Sentinel 1 image
processed & acquired by EDISOFT in Santa Maria, Acores
using Copernicus collaborative ground station




Research & Development

SELALLA

EDISOFT

DEFENCE & AEROSPACE TECHNOLOGIES

The EEA Grants Type | — Sentinel Data Reception project aimed at improving the capabilities of monitoring marine
waters on Santa Maria Ground Station, enabling Sentinel-1 data reception and archiving

The EEA Grants Type IV - Oil Spill and lllegal Fishing project entailed the implementation of a capacity for early
detection of oil spills/discharges and illegal fishing activities in oceanic areas, by correlating Sentinel-1 imagery with
non-satellite data.

Automation of the oil spill detection processing chain, integrating auxiliary data (like wind information), together with
image and geometry analysis techniques.

Development of a pre-operational service for vessel detection in the Atlantic based on SAR with correlation with non-
satellite data sources, such as AlS or LRIT.

Deep exploitation of remote sensing data towards the development of advanced techniques for ship detection and
classification purposes.

Demonstration of advanced ship detection algorithms increasing the detection rate and providing useful information
for target classification in border surveillance scenarios.

Improvement of oil spill detection algorithms, through the maximization of the informative content obtained with data
fusion, the exploitation of different type of data/sensors and the development of advanced image processing,
segmentation and classification techniques




EDISOFT

DEFENCE & AEROSPACE TECHNOLOGIES

Future of Santa Maria Site

| 15m antenna currently being erected in Santa Maria




EDISOFT

DEFENCE & AEROSPACE TECHNOLOGIES

CleanSeaNet: Trends for the Future

I New Threats: lllegal immigration, illegal fishing, protected areas
| Geo-fencing, behaviour detection

| Drone Operations

| Permanent Observation

| Huge Volumes of Data

| EODC - Earth Observation Data Centre




EDISOFT

DEFENCE & AEROSPACE TECHNOLOGIES

CleanSeaNet Value

| Environment protection

| Contributing to the preservation of the Portuguese EEZ

| Promoting Economic Growth in ultra-periferic regions

| Pushing technological innovation
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Content
» e-GEOS Company Overview
e SEONSE: e-GEOQOS solution for Maritime Surveillance
» e-GEOS experience in EMSA CleanSeaNet

e Maritime Surveillance evolution
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DATA PORT SERVICES

e-GEOS Matera Space Center is the infrastructure for
operational services

to receive, generate, store and disseminate Earth
Observation data and for Geodesy studies.

Operational EO multi-mission Ground Station

©e-GEOS 201

CONTENT SERVICES AND e-geos
OPERATOR ACCESS HUB DEVELOPER PLATFORMS PROVIDER o s o



Our Platforms for Market Segments needs
b PRIORITY MARKET SEGMENTS

% @* 1) Defense & Intelligence

g ;
2) Agriculture and Food production

DATA DATA | CONTENT | SERVCESAND |
OPERATOR  ACCESSHUB |  GENERATION N PLATFORMSPROVIDER | 3) Insurance and Asset Management
GEOSPATIAL DATA 4) Natural Resources & Risk Management
il (0] ;+5 ' 5) Mining, Oil & Gas

6) Forestry & Climate Change
PRODUCTION UNIT GEO INFORMATION LAYERS i

AS A SERVICE

s
i
e

AERIAL/UAV SURVEY

SPECIALISED LAYERS APPLICATION PLATFORMS |
|
D ON PREMISES
NAVIGATION  Corm— .e
,, 00o
SPECIALISED GEQ-SPATIAL ANALYSIS
DATABASES

IN SITU SENSORS

Company Internal



For supporting international environmental protection % g - I
organizations, defense and marine forces in Maritime = = %Eléﬁj"f
Situational Awareness services, for Coast Guards, o
Enterprises and Governments for on/off shore activities; gane 3
also for safety, environmental protection, resources e

management organization.

DATA DATA CONTENT

OPERATOR ACCESS HUB DEVELOPER

SE®NSE

Smart Eyes on SEas

Maritime Surveillance Solution providing multi-sensor
reports and analysis for :

Near-Real Time Vessel Detection and tracking, Oil-spill
detection

Wind&Wave analysis

Ice charting

Geospatial Analysis and Alert Notifications

On-Off shore platform / infrastructures Subsidence

SERVICES AND
PLATFORMS PROVIDER



SE®NSE

Smart Eyes on SEas

COSMO SkyMed © ASI

SERVICE
STRENGTHS

Activity Report

p3
@.

Maritime Services

Wind & Wave

= COSMO-SkyMed B ASI
B Fracessed by e-GEQS

Ground Receiving rf” .,;\‘. Validated by E. ; Experjenced Opergto_rs on maritimg
Terminal Network "/ Institutional User surveillance Satellite image analysis
. .
i e Operationa
Wide and Global (24
coverage @ Secure data My hoan
access
Multisensor o Fully Automatic and/or
solution *,, supervised processing

Company Internal




Product delivered

Envisat
Radarsat 1
Radarsat 2
COSMO-SkyMed
Sentinel 1A
Sentinel 1B

R

s

=

- \ " “ .z\?;"—‘—-;.. \
e . - N \ A.: =
‘{‘ ‘§. § 1#

3 antennas /Lﬁ; %_1_
3 NRT processing chains ﬂ Service
‘*}\ T Y Project Manager
_ -MW MM Operational manager
B NRT Team
Emergency Team
,Q;’ Algorithm developers s
chain engineer
=4 NRT ch ;
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e-GEOQOS for CleanSeaNet

= Qil spill warning <15 minutes from

= |ntegration of Radarsat 2 high
resolution modes
= |ntegration of Sentinel-1

QOil Spill report <30 minutes from sensing )i A

sensing = Radarsat 2 integration in Matera receiving station in Matera
Local wind & wave information from Ground Station Space Centre

SAR imagery = e-GEOS develops its own Global Wind

Quality control procedures applied & Wave SW

to services operational production = Add on of Services for Frontex 2014 (% 3 rd
AlS data integration = COSMO-SkyMed - \_ contract

Operational service with Envisat and
Radarsat 1

=]1st
<\‘3 contract

=]2nd <&
<\'g contract T

main technological evolutions



Antenna System 4 COSMO- SkyMed % Processmg Chain - 1
I __.-.'_—-'Ai"“-w- 0

o Downlink _ Radarsat2 "-- “1:: Processing Chain - 2 |
B Programming & v » — = —
N /B Landsat-8 ~ Processing Chain - 3

2 | CO.[]-U’O|S _.i F — _ Tt .
‘ 1 e i
asS e - Sentinel-1 F Fgr.j..r_-—]ﬁ;nr- ding -
@& N ______5‘!::- “._. . ﬂil_'ﬂ L \“
[ d N 2 .F .lu |
)] o

il

Workflow Archive/
Manager Catalog

External Support
Data Reception | Data Manager

Distribution
Facility

Value Adding Processing Manager




O1l Spill Detection product evolution

Oil Spill Extraction Oil Spill Parameters Estimation




Vessel Detection product evolution oo

Detection & Classification ~ Automatic Wake Detection ~ Automatic Ambiguities Removal <°“ Data Fusion

Bulk Carrier 260 m.

Company Internal
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Company Internal




from now i to very next future Enhanced Maritime Situation Awareness:
Collateral & Space data integration

Navigation Telecommunication Earth Observation Open Data

Mobility Patterns

N
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Data Analytics
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Deep Learning techniques for Vessel Classification

CATEGORY

Generic Merchant ship
Bulk carrier
Cargo
Container carrier
Oil tanker
MLS/Chemical/Gas tanker
Tug boat
Generic Passenger ship

Cruise boat
Ferry
Generic fishing
Purse seiner
Trawler
Traditional fishing
Generic Warship
Aircraft carrier
Destrayer
Frigate
Patrol vessel
Amphibian ship
Supply
Submarines
Generic Leisure boat
Yacht
Sloop
Generic Skiff
Yawl
Speedboat
Rubber inflatable boat

Corpus Dataset for
Learning phase

MERCHANT SHIP

PASSENGER SHIP

FISHING BOAT

WARSHIP

\ 4
® & & & o
® ® @& @ @ rVesselType
® & & o o

LEISURE BOAT

e ; —— SPEEDBOAT
Satellite images Feature Extraction Classification Output

Machine Learning Approach

1

Company Internal



Monitoring Artic shipping routes in NRT every day

Company Internal

COSMO-SkyMed with its
4 satellites guarantees
un-matched revisit
capabilities,  especially
close to the Poles.

CSK allows complete
area acquisitions every
day on Artic areas.




e-GEQOS experience in CleanSeaNet

B~
e-GEQOS is one of the EMSA’s Contractor since the beginning of the service, In

April 2007

o CleanSeaNet is the first operational EO based service for Maritime Surveillance

= matching Operational User Community’s needs with first operational NRT
Services

= CleanSealNet success and extensive usage pushes fora.continuous evolution of
~technologies and of ServiceLevel : L

» building world-wide competmveness by evolvmg SEenSE value chain
* comply with Agencyschallengmg requirements <« ff"_’



e-geos

AN AS| f TELESPAZIO COMPANY

All COSMO-SkyMed images © ASI - Agenzia Spaziale Italiana
e-GEOS S.p.A- L.O. Contrada Terlecchie snc — Matera / HQ Via Tiburtina, 965 — Roma




European Space Imaging

Very High Resolution Satellite Imagery for Customers in Europe

Adrian Zevenbergen — Managing Director
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Company Overview

The leading provider of VHR satellite imagery for customers
in Europe operates its own satellite tasking, reception and
processing station.

Established in 2002
Based in Munich, Germany

= QOperating a multi-mission capable ground station
= Entire DigitalGlobe satellite constellation + archive
= Tailored solutions: products, services, license
= Expert and personalized customer service /7

= A network of 60+ resellers throughout Europe and North Africa .-"”



TECHNOLOGY

Ground Station

We operate a dedicated ground station
for direct satellite tasking

» Constellation Direct Access Facility (CDAF) located near Munich
» Direct up- and down-link to the WorldView satellites

Constellation Direct Access Facility (CDAF)

BEN EFITS DigitalGlobe satellite fleet )
WorldView-4 - WarldView-2
v Last minute order entry | % %} &%
v’ Maximization of collection results LU A
v Minimize cloud cover owatecoptan A NS AT
. . and Tasking Dialog " Yok T satellite reception cone
v Maximize area L Y ¥ bua hacapion
. . . and Tasking Dislog
v' Maximize collection yield (# targets) g g
v' Fast production Vo1 OotaDelhery Products
v" Near real-time delivery N c— ,__, ﬁ
DigitalGlobe G5 Dialog Product Order Dialog
DlGlTALGLDBE ﬂ;lrﬁnﬁmkmg EMD USER
Ground Segmeant

EUROPEAN SPACE IMAGING EURCOPEAN
CDAF Ground Segment - SPACE

* Virtual Ground Terminag
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In orbit;

WorldView-2 jilacldyview-3

31lcm WorldViews4
WorldView-1 8-b:r?§Tolor 8-band color stereo 31cm Geokye-1
50cm B/W t 8-band SWIR 4-band color 41cm
stereo pi-re0 4-band color
L .';.."" ';ll- = -
In archive: ¢ ok
IKONOS QuickBird
80 cm 60 cm .(é%i%F‘EEAN.
4-band color 4-band color IMAGING




TECHNOLOGY

Leading Satellite Constellation

= Largest fleet of VHR satellites
5 satellites in orbit

= Highest spatial resolution
Up to 31 cm per pixel

= Highest spectral resolution on VHR satellites
8 spectral bands on WorldView-2, WorldView-3 and WorldView-4
+ 8 extra SWIR bands on WorldView-3

=  Largest archived collection
More than 5 billion km2 imagery
Historical imagery back to 1999
Growing by more than 3 million km2 every day .5%2%"5““




TECHNOLOGY

Spatial Resolution

Produced as 30 cm product (standard) Delivered at 15 cm product (experimental)




WorldView-Legion is the
replenishment program for
WorldView-1, WorldView-2,
and GeoEye-1

- Doubles 30cm collection
capacity

GeoEye-1

' WorldView-2

| Worldview-3

WorldView-4

I_egion Constellation




Faro, Portugal] May 27, 2015] WorldView-2 | 50cm




EUSI’s projects in the maritime domain

Optical satellite services for EMSA, phase ||

Sponsoring Authority: European Maritime Safety Agency
Users: EU bodies and related projects
Need: Monitoring of ports, coastlines and activities at sea,

pollution, drug trafficking, human smuggling, border control,...

Challenges:
* Provision of VHR optical satellite data (resolution 30cm - 50cm)
« Time critical delivery (45 min)

* Near Real-Time Monitoring and Mapping for vessel
and activity detection, in cooperation with DLR
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Examples




Examples

Pollution

Tanker “AGIA ZONI 11” sank
south-southwest of Atalanti on
09 September 2017 with 2200
metric tonnes of oll

Oil washed up on Salamis coastline
é




Examples

Pollution




Examples

Pollution

Coastline

-

GeoEye-1 | September 14, 2017 | RGB, equalﬁtion stretch
Analysis done by DLR Maritime Security Lab, Neustrelitz, Germany




Sentinel-2A | September 13
© Copernicus data (2017)
True color RGB/
radiometrically adjusted

ngtt

¢ \\, i
. ; - .\ /'"-"\':"\?
,' ‘

:_“'.4‘.‘!"?' "v‘ &3 P

Eote o ok GeoEye-1 | September 13
© European Space
Imaging (2017)
True color RGB/

radiometrically adjusted




WorldView-3 SWIR

Pollution

Oil contamination

o o -
y : ’
. @ %

Band composite 5-3-2

Gulf of Mexico | WorldView-3 | © DigitalGlobe/ European Space Imaging
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KSAT, KONGSBERG | aAI:ELLlTE SE’RVIQES

EMSA Celebratlng 10 years ofthe CIeanSeaNet

14 November 2017 o 70
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KONGSBERG PROPRIETARY: This document contains KONGSBERG information which is proprietary and confidential. Any disclosure, copying, distribution or use is prohibited if not otherwise explicitly agreed with KONGSBERG in writing. Any authorised reproduction in whole or in part, must include this legend. © 2016 KONGSBERG — All rights reserved.
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KSAT before CSN —
Developing the NRT oil monitoring service

KONGSBERG

rs
n

Qil 5pill Detectio

2
7
r
|
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KSAT = 20 years —Developed in Norway from 1995



KSAT before CSN -
Dedicated user group

KONGSBERG

THE WORLD’S
NORTHERNMOST
GROUND STATION

78°North

KSATs



KSAT towards CSN .

KONGSBERG

1ot R

» Existing users gave very useful feedback ﬁ e S e o
VENSA

« Feedback was used to further develop and IR e e o —. ===t [

enhance the KSAT oil service P f ' -fu_;_,rr_ "-'-'—l:=|—12=|

» With this service as basis — KSAT established E’E
a consortium with e-Geos and EDISOFT o

i
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» The consortium was awarded the first EMSA -
contract for satellite based oil spill detection g T ]
and contract for service set up was signed by = & - ¢
12 December 2006 e - '% -
== == = [
« Four months to set up a European service e = S— = =
aa e _ P | - - m— P o

* First operational service was delivered to
EMSA the 16™ April 2007

KSAT =

EATRLLTY BEPIES

22.02.2018 Page 5



KSAT in CSN -
Multi-mission services in Tasking area 5-9

KONGSBERG

SENTINEL- TerraSAR-X

RADARSAT-2 la+1b /TanDEM-X

RISAT-1 PAZ

In-House Processing

KSAT®




Svalbard 78 North
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KONGSBERG

Puertollano Spain 38 North

KSAT:




KSAT in CSN -
Global services

KONGSBERG

JCAMEROO
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KSAT in next generation CSN

KONGSBERG

Qil spill Vessel Ice edge /Ice berg 247/ operation

KSAT®
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A EMSA

10 years of CleanSeaNet
with MDA RADARSAT
Past — Present — Future

Date: November 14t 2017
Prepared by: Wayne Hoyle & Susan Nykoluk
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MDA and DigitalGlobe combine to create
Maxar Technologies, a leader in space technology

Communications
Satellites

5 —

End-to-end system design for Vertical integration Deeper, broader
improved efficiency and for lower cost and analytics and solutions

| : ’ -
- Fga \ effectiveness speed-to-market
= = -
!'

\ . X / /"\ Data Analytics
Remote Sensing and
\\

Customers

Ground Station Provider

Imaging Satellites ‘.
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Satellite Manufacturing




EMSA 10 years Stats
RADARSAT-1 & RADARSAT-2 Usage

EMSA
RADARSAT-1 & RADARSAT-2
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2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
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(=]

ERS-1 ERS-2 HTotal

Over 20,000 RADARSAT Images In the past decade!

”’”DA Use, duplication or disclosure of this document or any of the information or images contained herein is subject to the restrictions on the title page of this document . 3
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Past - Present
EMSA usage Shift CSN to VDS

LN
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EMSA added new use cases as Sentinel 1A/1B came online.
Vessel Detection Services for smaller vessels.




RADARSAT-2 ScanSAR Wide & ExtraFine

577MDA | BlueHawk 2 X ScanSAR Wide ~0.6 GB 5)7”DA..| BlueHawk 4 X ExtraFine 5 GB

Santander,
.

evedras 0 S
Vigo:
’ r- “‘]I
Parto ,./)
() Fl 3
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Portugal -.;\—r'

b
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b |

s

Gibraltar

Use, duplication or disclosure of this document or any of the information or images contained herein is subject to the restrictions on the title page of this document 5
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Recent RADARSAT-2 Collections
3m & 5m Resolution
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Present - Global Tracking with S-AlS (Game Changer)
Oct 18t 2017: MV AKILI - loading at Cofco Terminal

MDA | BiucHawk Monitoring with S-AIS s

Uruguay

-""')’ 'MDA Use, duplication or disclosure of this document or any of the information or images contained herein is subject to the restrictions on the title page of this document 7
- ™ COPYRIGHT ©2015 MDA



MV AKILI — 20 day voyage to Lisbon

. with stop in Canarias
5377MDA~| BlueHawk ”377MDA| BlueHawk WMDA' BlueHawk

Portugal o'
L

SIMDA



Nov 7th, 2017: MV AKILI — 16 nm outside of Lisbon

with DigiltaIGIobe WorldView 2 50cm

5)7MDA | BlueHawk
|

Cadizé
7

NURS

Acquisition Date

Ingest Date

Age In Days

Cloud Cover

Mas Cloudless Geometry

Pan Sharpenes Natural Color

SIMDA

Use, duplication or disclosure of this document or any of the information or images contained herein is subject to the restrictions on the title page of this document 9
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Present — Dark Targets
RADAR detected without AIS

SIMDA

5)7MDA | BlueHawk 5)7MDA | BlueHawk




Future — Machine Learning & Al > Automated Dark
Target Classification & Risk Assessment > Cross Cueing

SIMDA | viucravi 12,300 RADARSAT & AIS Tankers

- vl coped wt 730 bor 08 Shcks”, 1100 bor *Drame
~

cogle

SIMDA



RADARSAT-2

Lo A N DAILY RELOOK

RCM 2

4 DAY EXACT REPEAT

RCM 3
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« Optimized for global, NRT broad-area surveillance _ e pr
+ Onboard AIS sensors _ : -
—
» Multiple imaging modes provide optimal capability
for both maritime and land surveillance

e Tasking combines systematic broad area collection
with programmable tasking
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Cross-Cue from RADARSAT to WorldView

oIMDA.

A budars: wat of Mo Tatnobges

) e

Global Maritime DigitalGlobé“
Domain Awareness LN

and Threat Detection

MDA BlueHawk™ exploits cross-cueing of

space-based sensors to maximize the
detedtion, charadterization, and tracking
of global maritime surface traffic




Congratulations & Thank you
EMSA, User Community & Partners

MDA congratulates EMSA on
10 years of CleanSeaNet Services,

delivering over 20,000 RADARSAT images.

.,--), ’”DA Use, duplication or disclosure of this document or any of the information or images contained herein is subject to the restrictions on the title page of this document . 14
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arth Obse rvatlon Prog ramme

- 'Celebratlng 10 years of the CIeanSeaNet service and
cooperation between ESA and EMSA 2
EMSA Lisbon, 14-15 November

Nicolaus Hanowski, ESA
ESA/ESRIN
Head of Mission

European Space Agency




ESA-DEVELOPED EARTH OBSERVATION MISSIONS

2010 2015

Science Copernicus ' & EUMETSAT

Wwwaesa.int Evropean Space Agenty




. ) | W"Itf“
Directorate of Earth Observation Programmes { =@Sa
Budget (2017)

1,6 bn Euro

Personnel

e 554 = 320 ESA staff + 234 contractors
« 5 sites: ESRIN, ESTEC, ECSAT, HQ, EBO

Three main programme lines

 Meteorology
» Copernicus
 Science

28 satellites in development;
12 satellites in operation

Slide 3
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Earth Observation: Boundary Conditions gﬁ}esa

cloud big data open and
computing

linked data
g mobile devices

global
connectivity

increasing exposure ,,," ; v decreasing
to disasters emasing biodiversity

climate change . x population growth
increasing demand for and rapid urbanisation
water, food and energy

Slide 4
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{=esa

UN Sustainable Development Goals A
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ATFUREINGLE ». 10 REDUCED ' SUSTAINABLY: SITIES
# AND SANITATION ; LEAN ENERGY ECONOMIC GROWTH AND INFRASTRUGTLRE

INEQUALITIES l AND COMMUNNLES
Eé
17 PARTNERSHIPS
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1 6 PEACE, JUSTICE
AND STRONG
INSTITUTIONS
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2

2 CLIMATE LIFE IFE
16 ACTION 14 BELOW WATEN 15 'ﬂﬂ LAND

&5
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Evolving IT Possibilities

« Easy Data Access

« 7B cell phones world wide

 Wide availability of mobile
broadband subscriptions

« Social media and networks

« Crowd Sourcing/Mapping

 “Big Data”

 Cloud Computing

 Exploitation Platforms

i

#

= A
- r '

.-.ﬁ“'
.. .

- "“
("

v &
y

N

. h |
Election Pope Franci
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People \
. Change of people behaviour {\i_ eSa

Information technology changes (quickly) the
behaviour of people.

Recent examples:

v'Streaming services for music/video data
(instead of downloading data),

v'Active collaboration for a common goal (e.g.
wikipedia, tripadvisor, ... ),

v'Passive collaboration through crowdsourcing
(e.g. road traffic information).

The benefits for people is generally to get more information, or faster information,
or cheaper information.
Slide 7
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Earth Observation Challenges Q‘*‘*‘i—esa

Sea ice thickness in the Arclic ocean
ey o

August 2010 T
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Data volume Data continuity Data svharing

naturc

ELPAIS

lmeq-pcsdemtemde

mpammpthmdndtfwi

Image of an
earthquake

S ——— i
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et 3 = Synergy between Uniqueness
Innovation Timeliness EO missions Side 8
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: W
Earth Observation — The User Perspective \s cSa
a

“I don’t Jike the official dataset
Am | using the late

but | have g good idea for
St VerSion . takes . . t ”
ion Improving jt.
of the dataset ?” “My compuwt, ol”
to
7 ~ 4 u h Space
! Conpe, XS don't have B data.’
do w, >‘ ' e all my
Wits the hat Wap, stor
00/ poy
”W/)e,-e .
to 90/ fip IN-sjt,, dot
ults (few Valjctre esufpe 2000
S ” S
my rs
hare ee
“HoW to s a) With my P Slide 9
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Regriersd Line

104,666

&

38.15 PB

120000
100000
80000
60000
40000
20000

Jan-15

- g =

Volume of User Downloads

Sentinel Data Access at ESA

Published Products

4,911,972

Jul-15

Jan-16

- Statistics -

Statistics on
7 November 2017

it
Registered Users

104,666

Jul-186 Jan-17 Jul-17 Jan-18

{:esa

Total volume of data downloads
during last 3 months - 7 PBytes

Volume of products downloaded per Sentinel

400
350
300
250

200

Valume [TE]

150

Week start date

51 N s: B
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9 FaC|I|tat|ng access to (quality) EO data
\w

Q EO data policy at ESA (ESA pollcy and Copernicus policy)
- free of charge, open (and as full as possible)

- - ﬁ_-

0 For all missions: operations concept based on systematic approach:
- all data are systematically acquired, downlinked & processed to
generate and disseminate core products

Q Focus on data quality (calibration, validation, product evolution)

-> Need to anticipate the way users will'use EO data in future; €.0.:
- toolboxes in virtual research environment,
- collaborative exploitation platforms,
- merging of EO and non-EO data, etc.




=
=
'

A Network of European Exploitation Platforms
utilising Cloud-Infrastructure

®
7))
Q

The best wordwide Yo7========~ e e e ~
LI EQ data asset o : f Evolving P o mEm————
"~ Europe EO g e ROt A N
————————— B - [Eep——— . ~
Dperational public e et Tt = B e
2hs "Z__L,_:"],E pap/ie “traditional” data access
e '.-...I?E:r.-l:,‘.., Al (pullsp {hers public
[Sentinel, Meteo) “ﬂﬂiﬂ!’!
neurage 1[:_.!01.. rﬁ Network of P
i i i T Users profit-making

exploitation
R&D EQ dat platforms
(&g, Edarth Exgpio '
= _ “FO Innovation
Commercial "
FO data Europe

(e, Meindes, TerraSAR-X]

serwices

Se
l;.

:‘.' Lisers
geosciences
“Bly Dara”

i T T

Afrborne &
(G-l D., 000 W0 tmhcecsccsccsssa s - -

Objectives of the network concept: How:
v Enabling large scale exploitation of EO data ¥ Interoperable/interconnected platforms
¥ Stimulating the innovation with EO data

¥ Maximising impact of European EO assets :
and preserving European independence ¥ Common govemnance rules

S

L

¥ Open to mulb-source funding initiatives

Slide 12
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Data pull
Data push

3 50 0% 0N X

—_— 0 b

European

EO dataset
ESA
missions data

Copernicus
missions data

Meteo
missions data

National
missions data

Commercial
missions data

Heritage
missions data

Airborne &
in-situ data

Exploitation Platforms:
- different levels of usage and complexity

Exploitation Platforms = virtual working environments

- user only needs a web interface

Visualisation
tools Visualisation tools

+ basic data

- image visualisation
_ basic image rendering

’ e - same type of EO data in
_ image mosaicking

a common geometric
grid
- time series analysis

- machine learning _ Data validation tools

increasing exploitation platform complexity

- -l == A0l = O S e EEBD T RS2 EXEE im e

analytics Visualisation tools +
sophisticated data analytics
for expert communities
Heterogeneous missions

(i.e. not only optical EO data)
- Processing algorithm edition

—

®
7
0

Slide 13
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Creating and enabling a European EO data ecosystem s
for research and business \\\\f eSd
o A common European approach to EO data exploitation

with Copernicus data at its core

Implementing ESA “EO-Innovation Europe” concept s
in full complementarity with the COM initiatives Front-affice cperaliGns Provsonoffront.

Office Infrastructure
nOtany the is under Third-Party

Third-Party: User implementing and/or

Copernicus Data and Information Access Services A R ) S responsibility
the DIAS storage and interface

v

DIAS

Interface for storage
access & processing
and management

— 01 b 2= - I ™ = T 1001 D e OB = C2 KX EE am el

. . : . . Scalable on-line
Copernicus DIAS procurement is iGilice opera }storage

one element of the partnership
o

and aligned programming . :
between EC DG-GROW and ESA 'n' DIAS Coniccitiiian

DIAS operations foreseen to start in 2018

Slide 14
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Copernicus Evolution .‘*

Preliminary assumptions for Sentinels-Next - Generation

CSC Component ME in 2018 ec

s1
- Seamless continuation of Copernicus
L)

5?; G S24SING (Space Strategy 1.2, Action 1: "commitment to stability")
o o S0 P Sentinels 1-6 A-D 1,680
53 SoE Data Buy 300
1 . 4 U™ amp eita TOPO),.0 Sentinel Launch Services 480

- AT i s WG gk Sentinels 1-3 Technological Update (Next Generation) 4,000

54 GEQ T Mew Challenges for Copernicus
S5P, 55 "—:'-'- ‘ geo/cozs.. ATM (Space Strategy 1.2, Action 2: “emerging needs"”)

57 o2 e
rSdatee s ba e 1T LI, L s :
{1 HEvarUAS oA BYTAMY ey s CO2 Observation 500

Thermal Infrared Imaging aTs
Polar/Arctic Observations (icefsnow & weather) 440
Hyperspectral Observations 235

- Associated Launch Services 250
Total 8700
THE EUROPEAN SPACE AGENCY : -
EARTH OBSERVATION PROGRAMME BOARD Opernlcus

“Copernlows Evolution™
Draft Copernicws Space Component (CSC) Long Term Scenarie

e -eSa

Slide 15
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Copernicus Evolution

ESA Ministerial Council 2016

« Initial Development Sentinel Expansion — 6 Phase A/B1

* Mission Concept Study Sentinel Extension
ESA Ministerial Council 2019

 Development of Sentinel Expansion

 Main development Sentinel Extension
MFF 2021-2027

 Operation/Launcher/Recurrent Cost; Data Access
ESA Ministerial Council 2022

« Development Completion for Sentinel Extension

Gpernicus

{-esa

Slide 16
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ESA — EMSA Cooperation

V. 0

European Maritime 5Safety Agency

Liskan, 5 December 2007
Rad: H, 7/ OTRS 2007

Hon-paper
EMSAs view on the GMES programme of EU and ESA;

in particular on the Marine Core Service
updabed version

— 01 b 2= - I ™ = T 1001 D e OB = C2 KX EE am el

MARITIME
| SURVEILLANCE 4

SERVICE OVERVIEW

Y| (opemcus MIEMSA

Slide 17
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The Future ESA Earth Observation Directorate cg;esa

=

- Adapting to external trends and new paradigms in Earth Observation

- Structuring processes and increasing the overall efficiency

»
: &

-
-~

\ ﬂlét;iureEO

esa.int/FutureEQ

Slide 18
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»-‘ hank you for youf
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& Sentinel I\/I|S‘S|ons

Pierre Potin, Sentinel-1 Mission Manager, ESA '

“Celebrating 10 years of the CleanSeaNet service

and Cooperation between ESA and EMSA”
14-15 November 2017, EMSA, Lisbon

ESA UNCLASSIFIED - For Official Use

- ] 4 a2l ===

European Space Agency



Why is ESA interested in maritime surveillance? i&“jﬁ{iesa

 Initial EO satellites were intended to demonstrate several
maritime applications

— ERS-1(1991), ERS-2 (1995) — sea ice, oil spill, vessel
detection, surface wind/waves, ocean currents, sea surface
temperature, etc

- Enlvisat —as ERS (with enhanced SAR capability) plus ocean
colour

* ESA exploitation programmes to verify requirements for
future satellite systems and build user communities for
current systems:

— Oil spill (initial R&D evolved into pre-operational services as
precursor to CleanSeaNet)

— Pre-operational maritime security service (MARISS)

 ESA activities on GMES/Copernicus Space Component

— develop (and operate together with EUMETSAT) a series of
satellites to respond to operational maritime surveillance
requirements (oil spill, sea ice, vessel detection)

ESA UNCLASSIFIED - For Official Use “Celebrating 10 years of the CleanSeaNet serv
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ESA GMES Service Element (GSE) Projects, initiated in S
(OSF) Trol ¢:esa

2002/2003, as precursors of operational services based on \=
remote sensing data

CoastWatch\ ROSES, precursor service

ROSES —tel for oil spill detection :
ICEMON S, l :
N
\\
Sa

L
D

GSE Programme sequence

. 0= |

Northern View

mnmud-ﬂun : : 2 full implementation |

Forest Monitoring 0 L or—
SAGE ROSES + CoastWatch . ames rroort JEIENEI e
Risk-EOS led to MARCOAST that B conmenvvens PRI SRR SRR SRS

started in 2005 55021 2003 2002 : :EDE?IW{___

TerraFirma
GMES Urban Services 1‘

Food Security

Respond MMSA ¢ MARISS
ROMOTE CleanSeaNet.

ESA UNCLASSIFIED - For Official Use ‘Celebrating 10 years of the CleanSeaNet service and Cooperation between ESA and EMSA” | Slide 3
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Qil Spill Surveillance Service & @SAa
From R&D/Pre-operations (ESA) to Operations (EMSA)

EMSA founded

Ship Source Pollution Directive

CleanSeaNet tender ~2500 products p.a.

CleanSeaNet service start

Full CleanSeaNet service:
4 providers, 24 national users

2005

Full transfer to EMSA _
Service ramping down }w -

& Service scaling up: 7 providers, 19 national users N { i~

-
il -l . -

P Start of ESA GSE service development o

7 W o - 4
=y ! i ,
-

Oil slick detection demo projects » * .* “n v ~1000 products p a.
TSN

ERS-2, Radarsat = - e ’ s =
launch 2 1 L Y o i



ESA Synthetic Aperture Radar Missions
(relevant for maritime surveillance)

I 7 VI
! N 4 :

{:esa

- ERS-1 (1991 — 2000)
- ERS-2 (1995 — 2011)

- ENVISAT (2002 — 2012)

- Sentinel-1 (satellites owned by the European

Commission, developed and operated by ESA) _
- Sentinel-1A (launched April 2014) =
- Sentinel-1B (launched April 2016)

ESA UNCLASSIFIED - For Official Use “Celebrating 10 years of the CleanSeaNet service and Cooperation between ESA and EMSA” | Slide 5
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ENVISAT, an “enabling mission” for the start of GMES /
Copernicus &%\fesa

ENVISAT mission:
10 years

Hurricane
Katrina

ESA UNCLASSIFIED - For Official Use “Celebrating 10 years of the CleanSeaNet service and Cooperation between ESA and EMSA” | Slide 6
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Some key past events observed by SAR missions (s,
Y P oserved by dcesa

EL PAIS

LA ---—- - - BIANLO I\Ilfl\lbll\ll BE LA MASANA -_

A ANV

Satellite Identification of Major Oil Spill off 14 suyu wss
the Coast of Guimaras Island, Philippines
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Gibraltar

Internal

. ‘ ‘ ‘-.‘ ;’ Yy .‘l : ‘V‘-‘: o ' : ; v?, ; \ i
Stl‘alt Of .," L Gt e ; ¥ ‘? ' s 4 waves
Gibraltar 7/ 4
7 January 2_00-7 .
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ESA precursor activities @
MARISS, an ESA GMES S
aiming at the demonstrat
surveillance services, In ¢

observing the earth

OBSERVING THE EARTH

View from above
£5A for Earth

ERS-2 DATA VITAL FOR MARITIME SECURITY

How tD access data

Oatas from EN

spacecraft, s experiencing an

th year-0

Mayon ravgster amne 12 veir

e playng & v

Global Moritoring

SUCH 8% the MARItIM

which addresses the Eurcpean

he Uving Panet marine trafficking

Cogemicus

The MARIIMe Security Secvice
GMES Service Eement (GSE)

The Internations
Charter Space and

Major Disasters ntegrates near resl time sate

Oonervation (£0) data with e
tracking data to deliver an ur
maritme situation to coast gu
Image Gatery border police forces n Eurcpe
Vides Gallery
Wihin the MARISS parnrersh
require Synthetic Aperture Rad]
SUCH 84 thet provided by LRS-
mingtes in ander to rapicly det
(Securing Our_Ernaronment Satract their positions. This da




MARISS project phases and concept

* PHASE |, 2005-2006
aims to deliver MARISS precursor
security services to selected end-users

v“a

SAR Processor

ty Services

» PHASE II, 2006-2008

Security Services Scaling-Up together
with innovative services using new EO
data

« Position
« Direction
« Velocity

——
T " — ——— —

» PHASE III, 2008-2011 “ Classified Area

dedicated to Security Service
Operations providing a fully
consolidated and optimised space and
user infrastructures context

ESA UNCLASSIFIED - For Official Use

)/7 MARISS Services Basic Concepts
M I SS  ship Detection

d:esa

Anc:llary Data Integrator/Modeling
. o \\

« Route

1 4 » Ship Class
< | = Ship Name

« Likelihood

——
— — — —

L JPe ‘

S SAR Ship #54
o * Position

« Direction

» Velocity

* Routes

* Ship Name

Credits: Telespazio

“Celebrating 10 years of the CleanSeaNet service and Cooperation between ESA and EMSA” | Slide 10
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Synergetic use of ERS-2 and Envisat for maritime surveillange.
| T esa
Example in 2007 N
» Envisat focus on EMSA needs (Wide Swath mode) and ERS-2 on MARISS needs:
30 minutes time difference

=» guasi simultaneous acquisitions in different modes)

. . . Courtesy:
* Reduction of Envisat ASAR mode conflicts

CLS (GSE MARISS)

ENVISAT pass 21:27

‘ : : m ST
ERS-2 pass 21:56 | =]slsi« = ll.lsle|E[H[E[c sE IR +iZ
(UTC) | | wTo) — e S s
24 Oct 2007 | 24 Oct 2007 Pl - " ans
= ! : | | ! | | | }‘ ! t.,' -

R
A“$

e

1y
I
0

R

L, Lin 7 TR, 4 BaATEE)

SRS RAERENERRNENED
Enemoreer| 323 7 * 2ondecd o @ewin o | grim-mae | @ oot | C s ([@Hanm Lo | Bl TEA0 AXQE FUET B nn



- . : e
First EMSA — ESA Cooperation Agreement &;esa

=

» First EMSA — ESA agreement signed

ARTICLE 2 - DESCRIPTION OF ACTIVITIES

on 2 Ma‘rCh 2007’ related to The activities of the Parties under this Agreement concem three Activity Domains,

“Use of Space Based Earth Observation Ramely:

for Enh anCing Marltlme Safety” Activity Domain 1: Ide::yiﬁcatim.h_unllh:‘cl.im:‘ Irccnrding m.ul Ir:v_nltmu:nn _uf user
requirements for space-based earth observation data in order
to enhance mantime safety and to combat ship source
. . TR ollution;
> Main cooperation activities: !
. ‘.- Activity Domain 2; Assessment of the operational status, technical performance,
° User reqU“'ementS for EO on maritime accessibility and availability of satellite data, relevant for

surveillance

e Assessment (..) / access by EMSA of
ESA and TPM EO data provided by ESA

e R&D activities on EO techniques and
information services related to
operational maritime surveillance

EMSA’s operational monitoring and surveillance services. This
will concern primanily data oniginated by the payloads of ESA
satellites (heremafier referred to as “ESA Mission Data™) and
data onginated by the payloads of satellites operated by third
parties and for which data ESA s granted a nght of distribution
{heremalter referred to as “Third Party Mission Data™). Special
attention will be dedicated to the near-real-time availability of
observations of European coastal waters by ENVISAT/ASAR
and successor missions;

Activity Domain 3: Development and validation of carth observation technigues

-1/ \\‘ eSa

ESA UNCLASSIFIED - For Official Use “Celebratin

and associated information services at the level of
demonstration siage (pre-operational) in particular regarding
verification, robusiness and maturity suitable for operational
maritime use.
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welcome to esa

All about ESA
+ ESA's Purpose

* United space in Europe
+ A European Vision

+ Establishments
and facilities

' Funding
« Security at ESA

+ Publications

A European agency...
+ ESA and the EU

+ European milestones

+ European Space Policy
+ New Member States

* European Cooperating
States

WELCOME TO ESA

HISTORY  ART & CULTURE IN SPACE

ESA > About Us > Welcome to ESA

AGREEMENT BETWEEN ESA AND THE EUROPEAN MA

SIGNED TODAY

From left to right: Mr Volker Liebig and Mr Wiliem
de Ruiter signing the agreement at EMSA's
premises in Lisbon

de Ruiter, Exd
Maritime Safd
Liebig, ESA's
Programmes,
two agencies,
cooperation if
surveillance.

The signaturg
stage of EMS/
monitoring sg
and adjacent

natantial all o

15-12-2006 .
e

gon* 1
from Henri Laur 200 \l‘sa“
En tto

EOP-GM ,“‘ e“ SN
wvisa | comm N\SA c
to EMSA n suppo - urgent

at. Olaf Trigschman, Leendert Bal
copy ESA: G. Kohlhammer, M. Doherty, O. Grabak, G. Campbell, W. Lengert, B. Hoersch
Subject [ESA Envisat SAR data commitments

Dear Olaf,

As a follow-up of Dr. Liebig’s letter dated 26 October 2006, we would like to reiterate
that ESA is fully commitied to support EMSA needs for Envisat SAR data throughout
the 3 wyear duration of the initial EMSA surveillance contract. This commitment is
independent of potential changes of the ESA Earth Observation data policy, and of the
related distribution licenses. The only condition being that the Envisat satellite continues
to operate within nominal specifications and with the appropriate operations funding.

For your information, the Envisat distribution licenses with our distributors currently
expire on 30 September 2007, The distribution scheme after this date is not yet agreed.

‘We hope this clarifies the situation with respect to the availability of Envisat SAR data
for EMSA activities.

Best regards,

Henri Laur
Head of EQ Mission Management Office



nd _ - o
2"d EMSA — ESA Cooperation Agreement E\&\E: @SAa

» 2nd EMSA — ESA agreement signed on 2 July 2010
(covering 5 years), and a further extension up to 1%
July 2020 was  established in  2015: Koo ot Vot oos ol e i o ek s
“.. concerning cooperation for the use of space Al sl ooy arviilanch dod Sdbakinig: shig socrte poiias e
conceming the support to the implementation of European Union policies related to

based systems and data in support of maritime these fields.

ARTICLE 1 - PURPOSE

e e 9
aCtIVItIeS ARTICLE 2 - SCOPE AND ACTIVITIES
> Maln Cooperatlon aCtIVItIes The cooperation under this Agreement covers the sectors of satellite Earth

H '™ P Observation, telecommunication, navigation, imegrated applications, and related
* User reqUIrements related to maritime surveillance services, Within these sectors, the cooperation of the Parties concems the following

activity domains:

« Assessment of operational status, performance,
accessibi“ty ( . ) of satellite data’ incl. assistance for 7 Ildentification, collection and consolidation of user requirements;
data provision relevant to EMSA operational maritime 7 Assessment of the operational status, technical performance, accessibility and

avatlability of satellite data, mcluding the assistance for the provision of

activities satellite data, relevant for EMSA's operational maritime activities;
° Development, valldatlon, Implementatlon and # Development, validation, implementation and operation of space based
Operations of space based Systems and associated systems and associated services, including fast response procedures for

satellite assistance m case of emergency situations

services (...)

The scope of the cooperation between the Parties 1s further detatled in the Annexes to

l{lﬂ‘"ﬂ: this Agreement
/5.1 {-esa
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Sentinel-1 Mission Phases 3&{—088

Start of gradual use of
Sentinel-1 in CSN
Q3 2015

S1A Routine Operations

S1B Space
Segment
Commissioning

1 S1A S1B Launch 14 Nov 2017

WS 1A Space Segment
..- Commissioning

S1A-Launch S1AIOCR ROR
3 April Sep 9 June 25 April
2014 2014 2015 2016
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First Oil Spills Detected by Sentinel-1 — April 2014

Sentinel-1A
VV/VH
acquired o
2014

| Celd Sentinel-1A TOPS EW HH/HV
acquired on 25 April 2014
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Oil Discharge Detected by Sentinel-1 — 3 Sep 2014

IW mode
Vertical Polarization
Date: 3.09.2014

g 10 years of the CleanSeaNet service and Cooperation between ESA and EMSA” | Slide 18
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Sentinel-1 operationally used by EMSA for CleanSeaNet &;{f—;esa

f

=

=

P

HEM.S’A

Sentinel-1 represents 85 % of
satellite imagery used for
CleanSeaNet

“Celebrating 10 years of the CleanSeaNet service and Cooperation between ESA and EMSA” | Slide 19
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Release of joint EMSA-ESA web stories on Sentinel Online portal ﬁ\@n@
“Sentinel-1 supports detection of illegal oil spills”, 7 April 2017 && esa

@esa Sentinel Online @ ;

Iy | ) &V IRTE =

Need Melpn? A Contect Us Abenn Sectiner Dntae ~

EMSA also operates CloanSeaNel, a satelite-based ol spll survellance and vessel detection service, which
analyses Synthetic Aperture Radar (SAR) images from satellites to detect possible ol spills on the sea surface.

'EMSA CloanSeaiNet Alurt Report P T e T ——

T L CBAN
p

Missions = UserGuides + Technical Guides - Thematic Areas ~  Data Access

You are here  1eame + Miasiems

Sontioel-1 supports detection of lllegsl ol apills L
GF Ao 2001 )Jar r‘
? ‘ |
O spite, wch 3% Posm from e Erika (1099) and the Prestge (2002) )]
ke, 1esu I MU ADVIDNTental 8nd 00N0Mic Gamage 10 0 )
Q¢ ‘J’A‘"{”.' )
The “ i Aecs [EMBA), based in Liston, provides %-. ; ;},’1}‘[: 2 o S
Wm“wanmmmm l - R -
Staten, amongat oihers, n Mo Oevelopment and implementaton of EU - a 4 lw"\ -
mantene lgniaton. ity masion % 19 enaure & high, endonn and efectve “ Y g 7‘:\
hevel of martime salety, Martme secunty. prevention of Bnd response i ,
Solutan Fom shes, as well a8 fEED0MSe X3 Martne SOBton Caused by of
and gas nstatetons /
Sateliten. Wit Tt SODHSECIIE SN, DrOVIdN FOUErm, COMSMRCtVE, Wide-ama Krvailance over marsme Lt of punnibie spit
zones. Furthenmore, they com Do DOMied 10 8 argeted ICaNonN S MONIDNNG SOSCIC CRSITONE 8nd Qather manoral oo ~ I A T A B L T
N reacne 1 Pistgencn Fiornaton L [ -~ ‘—n‘—ln ....'fn-—n[u-
[ on_viwcmeen Werwn o W ww o w o ~ ~ ~
Earth chservaion contrDutes 10 manime survadance 10 Ml MAnage T 250 And svents I Can Aawe 5 ~— T wwws | avwew el 15 o | —~ * —~
roact on martme safely and securty. Mchadng marne DOREON. CCKient AN Casler reN00Nse. BeTTN and 1 T “woes | avecw | o2 | e | e . —
[ eavwemms | warsen | wrwww | am | nm | 1w o o
e T I o A s g s Naee been el adsie Pa map Pesse comad L Ve

SAR satelite images cannct provide information on the nature of a spill (for instance whether it is mineral od, fish or
vegetabie oll, or other), but spills from vessels often appear as long, linear dark lines (indicating a substance
discharging as the vessel is moving), with a bright spot (the vessel) at the tip. Vessel delection is also available
through the CleanSeaNet service. If a vessel is detected in a satelite image, its identity can ofien be determined by

ESA UNCLASSIFIED - For Official Use “Celebrating 10 years of the CleanSeaNet service and Cooperation between ESA and EMSA” | Slide 20
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Sentinel-1: overall mission status \& cSad

> Sentinel-1 nominal routine operations continue

« Sentinel-1A and -1B data routinely provided to Copernicus Services, EMSA CSN and
users worldwide

e On-going support to various activations from the Copernicus Emergency
Management Service and the International Charter Space and Major Disasters

* Routine operational use of EDRS service for both Sentinel-1A and Sentinel-1B. Tests
on Sentinel-1 “pass-through” (real time) operations through EDRS have been
performed successfully

> Sentinel-1 constellation generates 11 TB of products daily o i g

> Upcoming activities
* Assess new observation needs from Member States
formulated as part of the Sentinel HLOP revision process

 ldentify and implement mission evolution to support new
user needs, incl. new products, increased system capacity
enabling further mission exploitation, etc.

ESA UNCLASSIFIED - For Official Use “Celebrating 10 years of the CleanSeaNet service'zrm® .'.. QOO ,?J”'Og‘-? BT e
Pine Island Glacier calving into multiple
= Il b SO - JI™ = T 1101 = 0 B2 e O BN T S0 KX 28 i Iftkbergs on 24 Sep'20FT Space Agency
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EMSA — ESA Tech_n!c_al cooperation on Sentinel-1 a\& @Sa
- Preparatory activities -

Preparation of CleanSeaNet operations based on Sentinel-1

-> Tight coordination and cooperative actions started well before the
launch of Sentinel-1A:

 Sentinel-1 observation requirements for CleanSeaNet provided by
EMSA, definition of related detailed observation plan by ESA

« Set up of operational procedures (planning in particular)

« ESA substantial support provided to EMSA CSN service providers
for handling S1 data:

 provision of ESA-developed processor software
 technical support in preparation of acquiring / processing )
Y

Sentinel-1 data
RN
- etc. B

ESA UNCLASSIFIED - For Official Use ESA | 28/03/2017 | Slide 22
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EMSA — ESA Technical cooperation on Sentinel-1 s
- On-going routine activities - \& eSa

Sentinel-1 operational support to CSN

* Use of Sentinel-1 imagery as part of the CleanSeaNet
service started in Q3 2015, ramping-up towards routine
operations

« Specific real-time “pass-through” S1 acquisitions
agreed between EMSA and ESA

 Received and processed by the X-band local stations of
the EMSA service providers

ESA UNCLASSIFIED - For Official Use ESA | 28/03/2017 | Slide 23
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Sentinel-1 observation scenario w@ =~ @SAa
. \=
SAR Operational Modes

GRD Level 1
product resolution

Polarisation

- xtr’\w‘d o (EW)
\ X o - 50m (3 ENL) > 400 km \H/\F/':C'X of

W 20m (5 ENL) > 250 km \H/\F/':\?HV or

SM om (4 ENL) > 80 km \H/\F/':\t': or
20 x 20

WV 50m (140 ENL) km2 at 100 HH or WV
km spacing

ESA UNCLASSIFIED - For Official Use ESA | 28/03/2017 | Slide 24

R0 b IE W e I == ]S IS IEEIEE e European Space Agency



rren ntinel-1 rvations for ClI S
Current Sentine observations for CleanSeaNet %\;esa

Long Term Planning GIS map, showing the geometry of the SENTINEL-1 Co
coverage for EMSA/CSN, provided in direct downlink (pass through)

fellation

] SENTINEL_1A
B SENTINEL_1B

ESA UNCLASSIFIED For Official Use and Cooperation between ESA and EMSA” | Slide 25
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Current Sentinel-1 detailed acquisitions for CleanSeaNet,
over a 12 days cycle

SENTINEL-1A [7EREERE > IW mode
K & - EW mode

ESA UNCLASSIFIED - For Official Use “Celebrating 10 years of the CleanSeaNet service and Cooperation between ESA and EMSA” | Slide 26
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Current Sentinel-1 detailed acquisitions for CleanSeaNet,
over a 12 days cycle

Full encompassing view: Combined SENTINEL-1 footprints and geometric coverag

‘ ? : S
K .

"
®
92
Q

@

W lo0°

Prime Meridian £ INSO"

ind Cooperation between ESA and EMSA” | Slide 27
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Full set of current
Sentinel-1 acquisitions
over 12 days

Example of Sentinel-1A + 1B
acquisitions over 12 days:
period 14 Nov - 26 Nov 2017

Real-time “pass-through” IW acquisitions in
dark-red

fi by )
. e e . ' \
Real-time “pass-through” EW acquisitions in - .

light green " ‘\‘
W
: !

A

\

I

5
'I :
!

- -

.\- )

.\
\

:
-
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Sentinel-1 Constellation Observation Scenario:

Revisit & Coverage Frequency

"@* sentinel-1

valldity start: 05/2017

c.-nnrlnf‘mnmflfﬂﬁ iyt

////// o- H\

.... .\\m,...'.:‘.m &'.o
\\\\\ \\\ \»7\\\\\ ’// a M:\\ ‘,. ;

-----
.....

\\'

T

g

N AT

*  coverage ensured from same, repetitive relative orbits

Fast moving outlet glaciers

— .‘4\ x
il )
PASS ! REVISIT  FREQUENCY * : COVERAGE FREQUENCY ** , REFERENCE DATA SITES (6d repeat)
AW ASCENDING § \\V 6days \\\' 12 days D1 days i A Highly active volcanism
Il DESCENDING 3 /11 1 P 1.3 days i ¥V Fast subsidence
.y Y 10 2-adays T A Short growth cycle, Intensive agriculture
[ : i ¥ Fast changing wetiands
' e
L |

** coverage not considering repetitiveness of relative orbits

Permafrost & glaciers

ﬁ @luux.

d:esa

ween ESA and EMSA” | Slide 29
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Operational use of European Data Relay System (EDRS) \&—esa

The European Data Relay System service provides for the Sentinel-1 mission
the following assets:

 increased data download capacity
 increased coverage
« enhanced timeliness

EDRS-Sentinels indicative
eometrical visibility ma

EUTELSAT 9B hosting EDRS-
ESA UNCLASSIFIED - For Official Use A “Celebrating 10 years of the CleanSeaNet service and Cooperation between ESA and EMSA” | Slide 30
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Use of EDRS by Sentinels —
Two main operational capabilities exploited by Sentinel-1

=

=

V=

=eSa

- EDRS is used to downlink a high percentage of data recorded in memory, outside X-
band core stations visibility

« This in turn increases the volume of data downlinked in pass-through over Europe in

visibility of the X-Band core stations, and thus the volume of NRT data generated by the
CSC ground segment

. Similarly, this allows local stations in Europe, in particular part of the EMSA CSN station
network, to generate an increased number of products in QRT

- EDRS allows to perform fast downlink of data acquired outside the X-Band core
stations visibility, in particular in Quasi-Real-Time

« This will in turn enhance the achieved product timeliness associated to core products
generated by the CSC GS

ESA UNCLASSIFIED - For Official Use ESA | 28/03/2017 | Slide 31
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EMSA — ESA Cooperation on Sentinel-1 S
- Future potential extension- N\

> Sentinel-1 support to QRT/NRT EMSA activities
outside Europe

 Sentinel-1 observation requirements for priority areas outside
Europe provided by EMSA, as part of the EC survey on the
Integrated Ground Segment Task Force, related to “Quasi-Real-
Time - QRT” discussions

* New observation requirements may be supported making
optimum use of downlink resources, e.g. provided through the
EDRS service

* Plan is to start acquisitions through EDRS covering priority
areas (e.g. La Reunion waters) in agreement with the
Commission

ESA UNCLASSIFIED - For Official Use
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First link between EDRS-A and Sentinel-1A
successfully performed on 31 May 2016

Sentinel-1A radar
satellite test image taken
on 31 May 2016,
recorded on-board and
relayed to ground by
EDRS-A at 08:23 UTC,

using Laser EUTELSAT 9B hosting EDRS-
Communication A
Technology —

Covering the island of La
Reunion and surrounding
waters

Image taken in Extra Wide
Swath mode, suitable for
maritime surveillance

Sentinel-1A

ESA UNCLASSIFIED - For Official Use ESA | 28/03/2017 | Slide 33
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Multiple flowlines spills identified East of the USAN FPSO

W"‘:H
(Floating Production Storage and Offloading) vessels, &?esa
Nigeria, Gulf of Guinea

Sentinel-
1A imagery,
18.01.2016

VisioTerra

between ESA and EMSA” | Slide 34
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Potential of Sentinel-2 (optical land mission) S
for maritime surveillance \&

Landsat-8 LDCM™ 180 km .

-
",
e

5 days revisit at equator
(cloud free) with concurrent
observations of 2 satellites
over a very large swath

ESA UNCLASSIFIED - For Official Use ESA | 28/03/2017 | Slide 35
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' Inel-2 for maritim rveillan s
Potential of Sentinel 2 or ma e surveillance g\&gesa

| )

=

San Francisco
Bay
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Concluding remarks {g cSa

Excellent cooperation between EMSA and ESA since the set up of EMSA in
2002, both on:

 the service domain, in particular for R&D and as part of the ESA GSE
pre-operational services initiated in 2002

e EO data provision: ERS, Envisat, national / Third Party Missions, then
Sentinel-1

First EMSA-ESA cooperation agreement signed in 2007, then renewed twice

Routine operational use of Sentinel-1 imagery as part of EMSA CleanSeaNet
operations

Sentinel-1C and 1D satellites, currently under development, will be equipped
with an AIS payload

Formulation by EMSA of needs on future EO missions is key for the definition
of new mission concepts

ESA UNCLASSIFIED - For Official Use ESA | 28/03/2017 | Slide 37
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ESA web pbrtal esa.int

European Space Agency
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o e Satellite based AIS (SAT—AIS)

SSWV/HF _Data Exchange System (VDES) .

TIA-AP
Doc. No.: ESA-TIAA-HO-2017-1214, V2.5
Date: 14/15 November 2017

ESA UNCLASSIFIED - For Official Use
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ESA facts and figures

1 Over 50 years of experience
1 22 Member States

1 Eight sites/facilities in
Europe, about 2300 staff

1 5.75 billion Euro budget
(2017)

1 Over 80 satellites designed,
tested and operated in flight

ESA UNCLASSIFIED - For Official Use | Slide 2
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Member States

ESA has 22 Member States: 20 states
of the EU (AT, BE, CZ, DE, DK, EE, ES,
FI, FR, IT, GR, HU, IE, LU, NL, PT, PL,
RO, SE, UK) plus Norway and
Switzerland.

Seven other EU states have Cooperation
Agreements with ESA: Bulgaria, Cyprus,
Latvia, Lithuania, Malta and Slovakia.
Discussions are ongoing with Croatia.

Slovenia is an Associate Member.
Canada takes part in some programmes
under a long-standing Cooperation
Agreement.

ESA UNCLASSIFIED - For Official Use | Slide 3
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ESA budget for 2017:

Navigation* B
17.6%, 1,010.8 M€

Launchers™*
18.9%, 1,088.4 M€

B<€: Billion Euro
M<€: Million Euro

*includes programmes
implemented for other
institutional partners

Earth Observation* .
26.9%, 1,543.3 M€

European Cooperating
States Agreements
0.1%, 5.5 M€

ESA UNCLASSIFIED - For Official Use
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Budget 2017
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Prodex
0.8%, 47.2 M€

Space Science
8.9%, 513.1 M€

Basic Activities
4.1%, 234.8 M€

Associated with General Budget
3.9%, 222.3 M€

Human Spaceflight
& Robotic Exploration
11.0%, 633.0 M€

Telecom & Integrated Applications™
5.6%, 319.0 M€

Technology Support*
2.0%, 114.3 M€

Space Situational Awareness
0.3%, 15.1 M€

| Slide 4
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ESA directors

Director General
Jan Woerner '

Earth Observation Galileo & Telecomms Science Human Spaceflight Space
Navigation-related & Integrated & Robotic Transportation
Activities Applications Exploration

Josef Paul Magali Alvaro Giménez David Daniel
Aschbacher Verhoef Vaissiere Canete Parker Neuenschwander

)
<
L
@
<
L
=
=
<
04
Q
®)
x
o

SPACE SPACE SCIENCE
APPLICATIONS & EXPLORATION

Technology, Operations Internal Services
Engineering
& Quality

Franco Rolf
Ongaro Densing

y

TECHNICAL ADMINISTRATION

SUPPORT

ESA UNCLASSIFIED - For Official Use | Slide 5
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Business Applications @1 eSa

EOP NAV TIA

Space based commercial

Downstream Business Applications

ESA UNCLASSIFIED - For Official Use | Slide 6
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Business Application Aviation & RPAS s
— Scope & Offer! Transport Education \&;ﬁ cSa

—

Tourism ¥ ¥ %, E‘ Energy

Financial support .
Technical & Business expertise Environmental
< i Resource

Promotion
ESA “branding” Management

Networking

Media & | Access to 3rd party funding o Finance,
Broadcasting B~ Faaepds [nvestment&

Insurance

Safety & o
Security §

Maritime & § Food &
Offshore - &8 Agriculture
Infrastructures &
Smart Cities Health
ESA UNCLASSIFIED - For Official Use | Slide 7
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Ministerial Council 2016, Lucerne Al

Ministers declared support for the ESA Director General’s vision for Europe in
space and the role and development of ESA.

@ oona  Ceundl Masting af Minisierial Level
vimaa 4 f iiennin diin

e T e

3 M
s ‘
. o 4 =,
W . i i
.
:
.
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Business Application
Phase 111

60

"z
®
)
Q

Financed

40

30 —
20 Phase | Phase 11 Phase 111 B
O ' T T T T T T T T 1

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
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What is important? {

by
user/customers
User/ customer
engagement

Viable Feasible
business technology
sustainable added value

operational of space

services
ESA UNCLASSIFIED - For Official Use | Slide 10
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Activity Implementation

®
0
0

@ers with demand blh

no contact to industry
Contact with ESA:

e business.esa.int

» Conferences

= IAP Ambassadors

e Call for user ideas

e \Webinars

J

— 0 b 2= - ] =

ﬂunding by ESA: \

e 50%™ - initiated by
industry / partner,
involving users,
continuous open call

e 759% - Kick-Start
Activities

e 100% - ESA
initiated tenders in

Funding by ESA:

* 50%™ - initiated by
ESA or industry,
dedicated tender or
continuous open call
(AO 6124)

KSupport:

0 PR News Item,
Awareness

[] Access to
investors

~

close collaboration
with users

‘ * SMEs can be funded up to 75% upon authorisation by national delegations

Bl = S KB i

I+l

N

A1
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Activity Implementation

®
N
Q

Kick-Start activities to be initiated by Partners (industry,
operator or public institutions) following thematic calls for
opportunities, aiming at exploring the viability of new
application/service concepts!

* Intro webinars 2 weeks ahead of each theme call

(information on website business.esa.int/kick-start)
 Theme call opening period of 6 weeks
» Simplified application process
* Proposal length of 20 pages (template)
» Contract signature within 6 weeks from evaluation
* 60 k€ (75%) ESA funding
* Multiple contracts depending on subject and quality

ESA UNCLASSIFIED - For Official Use | Slide 12
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Kick-Start themes

2017 2018

June

July

Nov Dec | Jan Feb March April Mai

Industry 4.0/ High
i Value Man.
24/01 — 07/03
§ Org. best-
i praclices/ecosys.
Rissevatiof
2/03 19/04
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EMSA-ESA Projects and Initiatives

VHF Data Exchange System (VDES)
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Satellite based AIS - signal detection from space

0
N
Q

e e P —
l._]ul_i 1‘ t Lagrd
& .ei..h-
| The terrestrial AIS is limited by the radio horizon.
| .':'3" A = T i @ T 3 4

4 The detection of Automatic Identification System messages

from space allows having a global pictures of the maritime "
trafflc
® = -
- ’ o A
° o™ ° : ‘# - %
S wy# aes” RS
LA v 3 S
e{ﬁ;ﬁh‘
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What difference does Space make? |

- . - VY R ST

T e TS

exactEarth
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Data Processing Centre (DPC)

Development co-funded by EMSA and ESA.

To collect SAT-AIS messages, ancillary and
auxiliary information for generating and
distributing enhanced data services to the
maritime community.

DPC output: AlS messages provision;
Enhanced AIS messages service;
Predicted AIS messages service;
AlS messages with EO data service (correlation);
Missing AlIS Messages detection service;
Support SAT-AIS information.

ace y ~ % .
CLS ThalesAlenia raics@ deim>s 5 FEI ebetEartt
Cdan 4 @ |vracr F o
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Enhanced AIS messages service Al
J {cesa

The “Enhanced AIS messages service” provides AIS messages
that have been validated or reconstructed using ancillary data
and/or the predicted position of the given vessel.

AIS messages validation/invalidation is based on an
independent (from vessel position reported in the AIS
message) assessment of the vessel position (Doppler computed
location)

Reconstruction of invalid positions (from “Well-received AIS
messages”) can be made using interpolated/extrapolated
positions or Doppler derived positions.

ESA UNCLASSIFIED - For Official Use | Slide 18
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Enhanced AIS messages service &Eesa
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Enhanced AIS messages service &Eesa
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Enhanced AIS messages service

T ommec | fEreemw | [fSTewm Out e Bace e

2500 Km/h
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Enhanced AIS messages service

Vessel with no S 8|\ ] i

@Sfj‘AlSN_

valid GPS
position after
leaving harbor!
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Enhanced AIS messages service

[PTRrTyr—

Vessel with no o | Bmme [iamoe et o o
valid GPS *SAT,A'SN‘
agakhuian . gl

position after
leaving harbor!
Urhekintan Kyrgyrstan f
5 m"_!'-“ Ching !-l

Fe
B g 8 t\;.

N g

——

Phoenix Island
_ Protected Area
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Service Demonstration within
the PLASMA* (eExactEarth) project

*Platform for Advanced SAT-AIS Maritime Applications

®
7
0

140
User/country

Number of users participating to the
PLASMA pilot demonstration
(Total 569)

120

100

80

60

40

20

0 -
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AlS

S
SAT-AIS from idea to operational service \&f eSa
1996 1998 2000 2002
Requirements for IMO adopted the AIS IMO amends Safety of Mandatory
short/ long range performance — Life at Sea Convention, - adoption of AIS e
systems were standard AIS carriage requirements was shorted to
recognised (MSC.74) (phased 2002 — 2008) 2004
2007 2010 2010 - 2015
WRC - satellites can » EMSA/ESA cooperation SAT-AIS dedicated
be used to detect agreement -ANNEX 11 projects (e.g. procurement
= AIS transmissions — Integrated Applications DPC) and pre- of SAT-AIS

from ships , Satellite * ESA — dedicated SAT- operational data service
detection of AIS is AlS programme demonstration of (EMSA/OP/09/
legal established SAT-AIS capability 016)

.__ 2&

SAT-AIS
Operational Service
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SAT-AIS

SAT-AIS part of the
EMSA'’s integrated
maritime service

ESA UNCLASSIFIED - For Official Use

— 0 b 2= - ] =

f

=

-@Sa

Traffic monitoring

Through the Integrated Maritime Services, there is the operational and technical capability
to integrate and correlate data from EMSA applications and external sources. Satellite AlS
capabilities have, for example, led to an extended geographical range over which ships

can be tracked using the AlS system. New data streams are also in the process of being
added as contracts get underway for remotely piloted aircraft systems and as the
Copernicus Maritime Surveillance Service offers data from Earth Observation satellites.
IMS enables the provision of services respanding directly to the specific needs of users. In
2016, services continued to be provided to Member States as well as EU bodies, including
Frontex (border control), EFCA (fisheries monitoring), EU Navfor (anti-piracy) and MAOC-N
(law enforcement — narcotics). Services were also provided to non-EU countries within the
SAFEMED and TRACECA frameworks.

| Slide 26
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What next — VDES (VHF Data Exchange System)

Satellite: An integrated part of VHF

Data Exchange System

» Access beyond Line of Sight
at shore

« Wide Coverage Area

 Unigue Communication
access at high sea

 Reuse the existing ship-
borne VHF infrastructure

ESA UNCLASSIFIED - For Official Use
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Massive Uncoordinated

Access (Uplink)

Point-to-Point

Point-to-multipoint
(Multicast)

Broadcast

Machine-to-Machine,
Global Sensor

ACK, NACK (Downlink),
File Transfer (uplink)

Fleet Management, Ice
Map, Fishing Map
Distribution

Distress Message, Alarm
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VHF Data Exchange System (s
& ¢esa
-7

World Radio Conference 2015
 Implementation of the VHF Data Exchange System concept

including a terrestrial component for an ASM (Application Specific
Messages) component to enhance maritime radio communications.

« Secondary allocations for two 25 kHz ASM channels for reception by
satellite (earth-to-space), opening up opportunities for data transfer
from ships via satellite.

Work is on going towards WRC 2019 to allocate channels for two way
VHF data communications via satellite.

WRC 20-2015 _ Agenda Item 1.9.2
Resolution 360 for WRC 2019

ESA UNCLASSIFIED - For Official Use | Slide 28
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VDE via Satellite a

ff‘E_
=

N
\& -CSad
Since 2013, 65th International Astronautical
ESA has been contributing to Congress 2014
 Technical definition of a VDE SPACE COMMUNICATIONS AND
Satellite components NAVIGATION SYMPOSIUM (B2)
 Defend spectrum planning to _ _ o
accommodate VDE-SAT Mobile Sqtelll_te Communications and
« Run preliminary studies including Navigation Technology (7)
potential interference to AlS.
e« Show the poterl1_t|il of benefit of THE ROLE OF SATELLITE IN
VDE-SAT downlin THE EMERGING MARITIME
VHF DATA EXCHANGE SYSTEM
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VDES Activities

2013 2014 2015 2016 2017 2018 2019
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Feasibility Studies (s,
Y Assessing the potential of future maritime \"‘&; cCSa

applications in the context of VDES

Objectives: to identify and assess new downstream services using VDES from technical and commercial viability
perspectives, in view of their future development and commercialisation.

Stakeholders analysis and user requirements analysis

e Service and system specification and concept of operation definition

e Business Case and viability analysis assessment, business plan definition

e Roadmap for future implementation and commercial roll-out. Preparation of Demonstration Project proposal

wOLE

0 e

ﬁ. 3 4
https://business.esa.int/project Y
s/jericho-vde

\i
|
,)‘-l I_.‘\l To share common information among vessels navigating the same

Exchange of security Maritime Safety Information, with emphasis
on polar regions and SAR (search and rescue) operation
coordination

https://business.esa.int/project
s/marvelows

geographical area and exchanging towage information and events
with the HQ and automatically produce towage reports

AL AT NAAS

Providing a common operational picture of ship and shore using
the emerging VDES technology to transmit data between
merchant ships and a shore-based data repository

Space-asset Enabled Navigation
Services for ECDIS

ESA UNCLASSIFIED - For Official Use | Slide 31
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Demonstration Project -1\ @u\.

Next Generation — Recognised Maritime Picture (NG-RMP) \\: cSda

.  Service that supports early identification of illegal fishing, drug
M trafficking and supports search/ rescue applications as well as
environmental monitoring!

Customers range from
Naval Services, through
Coast Guards and
commercial organisations
with an interest in marine
information.

ESA UNCLASSIFIED - For Official Use | Slide 32
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Demonstration Project \\@""“"“
IceCast \z=@sa
Service for navigation planning in ice covered water
{-E areas, based on lIoT based capabilities combined with
space based data.

Demo Users: Finnlines (cargo shipping company) ;Navidom (oil tanker owner and bac .y T
operator) ;Port of Oulu (port operations company) '

ESA UNCLASSIFIED - For Official Use | Slide 33

—_— 0l =™ LW = T IS D R e IS EEE i v European Space Agency



Demonstration Project

. . . A
MULDIARCOS - MULti-mission Data and Information service g.:esa
for ARCtic OperationS

% Services whereby a user onboard a vessel operating in the Arctic region
h" can access, order, and visualize information about available relevant multi-

*6 e mission data, as well as view archived and pre-planned data with the
e possibility to order new acquisitions.

| s

, Demo Users: Viking Supply Ships, Hurtigruten Group. | Slide 34
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Demonstration Project

_ _ N L S
SIMONA Satellite assets Integration for Maritime situatiON Awareness g\f cSa
NG
’ . eﬂﬁ"“aﬁﬁ
— = Complement and improve existing Maritime Situation Awareness services by providing an

enhanced Common Operational Picture (eCOP)

-Support Institutional Users (i.e. Italian Navy and Coast Guard) for: a) Maritime
Surveillance (illegal trafficking, coastal policy), b)Search & Rescue operations

-Support leisure boat user and professional shipping companies for safe and conscious

navigation.
e D e - -y - 7
Institutional Users: Use of EO images correlated with AIS - IPpIng companies Insuran_ce s e
- i Port Monitoring everywhere in the world and assess the
data to detect potential “non-collaborative” vessels i . . .
. y . navigation risks associated to a certain route.
. - )
Leisure boat owners can plan their journey through geo- (
referenced information and LBS from different sources Shipping companies: can measure of the impact of specific
including local ordinances emitted by the Coast Guard. declared events of oil spill, through EO elaborations
\Plus send an e-call (emergency call) if needed. y \
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VDES workshop 16t January 2018 (s

Newton Auditorium located in E_STEC, \K\%h_ esa
Keplerlaan 1, 2201 AZ Noordwijk, the e

Netherlands.

ODbjectives

This workshop aims to provide an overview of
the current status of the VDES development,
regulatory aspects, potential maritime
applications (e-Navigation) as well as planned
or on-going pilot activities.

Collocated with the IALA e-Navigation working

group meeting hosted at ESTEC from 15 to 19
HOW TO PARTICIPATE of January.

The participation in the workshop is open to all Interested parties, There is no registration fee applicable to the event. However,
the registration to attend the event is mandatory in order to access to the ESTEC site,

Important Note: On-line registration is mandatory, Mo on-site registration is possible.

== N0 he IE W W == Rl S Y e DN = IEENEE im ¥ European Spaca Agency
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Doc. No.: ESA-TIAA-HO-2017-1214, V2.5
Date: 14/15 November 2017
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RPAS potential for applications H@m.
{zesa
he

The development of Remotely Piloted Aircraft Systems (RPAS) offers a wide range of new civil applications for t
benefit of European citizens and businesses.

Being remotely piloted, RPAS can perform tasks that manned systems cannot perform or can perform but in a less cost-
efficient and/or less safe manner. RPAS are thus well suited for long duration monitoring tasks or risky flights, e.g. into
ash clouds.

[ ] RPAS can efficiently complement existing manned aircraft or satellites infrastructure used by
governments/institutions in crisis management, maritime/land surveillance, border control or fire-fighting

[] RPAS can also deliver profitable commercial aerial services in various areas,
such as:

e precision agriculture and fisheries,

e power or gas line monitoring,

e infrastructure inspection,

e npatural resources monitoring,
 media and entertainment,

» digital mapping,

e land and wildlife management,

e air quality control and management.

ESA UNCLASSIFIED - For Official Use | Slide 2
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RPAS related DeSIRE DateGIS FS \h\\@‘k&f" @SAa
activities RAPSODY . PalmOilVision FS \&;—
STEAM ES ' BIOSCOPE
Maritime i SOLAR3
LUMEN Surveillance . Food & Agriculture KORE
h ; ’ SURMON &
ArTek UASatcom FS
SIS-REM CCN . i Energy SharperSat FS
Tourism &
cultural RPAS HV-SATPROTECT
heritage FS
J SatCom Based SateEO
applications Environme
Telecom & ntal
Media Resource
Waterlens FS
UAM FS
< Transport & ) >
On-goi ivi Rt !/ . ini
A:tigic;;%:c(l:;r [t){eparation LOgIStICS / \ Demlnlng
Activity Completed UPD FS & / Health \ MIDAS CCN
Intelligent Parcel 4 SAFEDEM
ESA UNCLASSIFIED - For Official use De€livery B-Life | Slide 3
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Applications activities in the RPAs domain

o
2
L

Feasibility

Demonstration

RAPSODY
B1OSCOPE B-LiFE © LUMEN . UAV based
i Unmanned /  crop mgmt biological maritime \ | S&R (1) and
| DPcI)_staI service for crisis field and flood \ Pollution
GRS potato laboratory monitorin . Monitoring (2)
\ farmers e g o Services SURMON
< KORE AFEDEM ™ (UASatcom)
STEAM Satco_m ARTEK crop enhanced | exploratio
4 ship N\ [ eXpI_Ora'_:lon cultural precision and_sa_lfe ) n &
[ emission \ & pipeline heritage farming demining pipeline
\ aerial monlt_oig preservati ST monitoring
meastiramen :
PalmOil- SINUE DATEGIS BIOSCOPE Integratin
Vision Int ti \ precision crop mgmt \ g RPAS
[ carbon n ?qg;:sm [ agriculture | service for into non-
footprint in ir?t non- \ of palm ) potato segregate
palmoil seg?'egoate “\ farmine~ farmers ~dairspace
o
sector d airspace Sy UaM 2553/_\383
'DEADALU Niche \ and \
S " sharpersat managed J operations . :
SAFEDEM ) i~ S
f Enhanced integrated \ communic o \p 3 in sma! ViaDrone
enhanced| : atior : Operation
weather solution solar- irpor
and safe Mgt
demining threat for TSOs et powered \
awarenes and DSOs RPAS for S_ystem-_!—
s for precision ay Tra_fflc
aviation farming Insertion
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RPAS range:
Micro to MALE
RPAS

Space assets:

Satcom,
SatNav
integration
with sat EO
data

| Slide 4

European Space Agency



Application needs

(it
L esa

" Tourism —~
cultizial
heritagQ Energy
C_Demining SURMON — 78 kg DeSIRE- 1250 kg

Safedem- <2 kg |

g~

ATMOS-5

RAPSODY — 150 Kg
py__|

Flying BRLOS —
Satcom equipped

DeSIRE 2- 6600 kg

Agriculture

KORE — 2.5 kg LUMEN — 40 kg
Micro-RPAS Light RPAS MALE
ESA UNCLASSIFIED - For Official Use Maximum Take Off WElght | Slide 5
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RAPSODY | | | s
Remote Airborne Platform with Satellite Oversight DependencY \\:-,\L\;:: esa

7

Providing Search & Rescue and maritime
environment response supporting services using
RPAS flying in BRLOS

] In collaboration with EMSA

[ With the involvement of maritime safety authorities from Portugal
(AMN)
[] Using AR5 Evolution RPAS from TEKEVER Portugal

Exp|0|t|ng inte'“gent RPAS equ|pped with Pilot Operations in July 2017 and Q42017/Q1 2018

innovative sensors package and onboard in Portuguese Waters, for oil spills detection &
advanced data analysis capabilities to survey wide characterization and SAR supporting missions
maritime areas, and reporting its findings in near
real-time through a satcom link to the operating
centre Sub-contractors: DSI (GE), TEKEVER UK (UK)

Prime: TEKEVER Portugal (PO)

ESA UNCLASSIFIED - For Official Use | Slide 6
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Light UAS in non-segregated airspace for Maritime | e |

(:esa

and Environmental surveillance (LUMEN) b \&

LUMEN aims at developing operational services using light RPAS in support of Maritime
surveillance and Environmental (Flood) monitoring. For this, LUMEN combines GNSS for
navigation of the RPAS and geo-correction of the acquired data, as well as real-time satellite
communication to transfer the acquired data from the Ground Control Station to the users.

Fl'arget Users: \
e The Belgian Federal Ministry of Environment, Division of Marine

Environment Service

e Two Flemish administrations responsible for the waterways in the Flemish
region

e NOFO (Norwegian Clean Seas Association for Operating Companies)

\Status: Pilot phase in Norway in Q2 2018 )
Flood Monitoring Maritime Surveillance Prime: Vito (BE)
to provide information on the as an aid to detecting and
most recent flooded areas combating pollution at sea. Sub-contractor (s): Newtec (BE), AGIV
(NO), Norut (NO)
ESA UNCLASSIFIED - For Official Use | Slide 7

—_— 0l =™ LW = DIl D e @IS E1EE i v European Space Agency



STEAM (Feasibility Study) = (s
Ships’ Sulphur Trails Emissions Aerial Measurements ——-:3.;‘—\ &f esa

Starting point: Change of IMO Sulphur Regulation MARPOL ObJ_eCtlve_ . Cer. . . . -
Annex VI in Sulphur Emission Control Areas (SECA) To investigate the technical feasibility, financial viability and
5.0 sustainability of a future service aiming at measuring the
GLOBAL CAP: 4.5% 5 = o

o amounts of sulphur oxides components emitted by vessels
- A vt e s e e travelling inside the Emission Control Areas (ECAs) defined by
a0 ©:3 limit should be postpoged to 2022, = the International Maritime Organisation (IMO).
S0 I Fo iy :
= (S)ECA CAP: 1.5% S :
1.0 1.0% 5 0.5% S

0.1% S
00 2005 ! ZD‘IrG ' ZO‘rI 5 ' 202:C| ' 202IS Ship’s gas concentration

analysis (CO2, SO2, NO2, NO)
with the Explicit tools

e P T |

Technical feasibility of the
STEAM system has been tested 3 | A

- in Hamburg during a 4 days " | p— |

campaign in October 2016.

T T
;m; ' ERMCA TN O O explicit - e
WL Danish Ministry of the Environmant b Wl 2870 /

=
Emdranmental Protection Agency AT e =

i1l
1!."

THRIDENT

LR i ALLIANCE :S;: teke\/er—, -




RPAS projects: Institutional sector evolution

EASA
LUMEN project )
Eurocontrol

B-LIFE project

STEAM project

EMSA RPAS pilot .
service \

EMSA RPAS operational
service preparation

ESA/EDA studies
on RPAS
( DeSIRE project )

| SAFEDEM project |

RAPSODY project

DeSIRE2 project

ESA projects

ESAZ/EDA partnership

ESA UNCLASSIFIED - For Official Use
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From RPAs to HAPs
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e,
Background @5— cSa
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e,
ESA HAPS Initiative @5—'@33
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: 11.5.“}:__
HAPS benefits &\f eSa

« HAPS in comparison to terrestrial networks offer larger coverage area, less
interference caused by obstacles and shorter time to deployment.

 HAPS offer improved propagation connectivity conditions with respect to satellites,
lower latency, as well as better resolution of images.

« HAPS have the ability to remain continuously over an area for very long periods
(persistence), and can be returned for maintenance or payload reconfiguration.

« HAPS are potentially considered very useful to augment existing satellite assets and
address current gaps, by providing:

* continuous measurements a regional scale

e data relay capabilities

* higher resolution of EO sensors e.g. 10cm in optical
 Improved link budget

ESA UNCLASSIFIED - For Official Use | Slide 13
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ENABLERS FROM SPACE {:esa

Satellite Communications (SatCom)

* to deploy and remotely command and control HAPS, offering a higher flexibility in their mission
(‘ e to relay remote sensing data collected by HAPS’ payload to the ground

' * to relay data between gateways and HAPS, when HAPS is used for providing broadband/broadcast
connectivity

Satellite navigation (SatNav)

» for navigation purposes, relying on GNSS systems and possibly complemented with satellite augmentation
systems such as EGNOS

« for geo-localising EO data collected by HAPS sensors

Satellite Earth Observation (SatEO)
g e to provide an enhanced operational picture to end users, via the fusion of data collected by remote

=t

sensing satellites with data from HAPS P e

.

© Vivek M. / Greenpeace S

ES.
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1!‘{&&&;,
SERVICES ENABLED BY HAPS COMPLEMENTED BY &f}_esa
SATELLITES Feasibility Study '

In collaboration with :

More information on https://business.esa.int/funding/intended-tender/services-
enabled-high-altitude-pseudo-satellites-haps-complemented-satellites

ESA UNCLASSIFIED - For Official Use | Slide 15
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Involved Users/Stakeholders &M
-@esa

EMSA, Frontex and the EU Satellite Centre (SatCen) have agreed to support the
ESA study and provide user requirements and guidance to the team for the
services of their interest.

Application domains of interest

V. 0

= FRONTEX

OPEAN RORDER AND COAST GUARD AGERCY

EUROPEAN UNION
SATELLITE CENTRE

ESA UNCLASSIFIED - For Official Use | Slide 16
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Space and Unmanned Maritime Systems (UMS) s esa
- based Maritime Services feasibility study \

Study Objectives: to identify and characterize UMS based services exploiting at least one space asset, addressing
potentially interesting application domains, carry out the analysis of their technical feasibility and commercial viability,
select the most promising ones for further development and exploitation, and propose a roadmap for the
implementation and demonstration of the proposed services.

Coming in the Q1

2018 EUROPEAN
Maritime . EEE%PLJZ%E
Surveillance —
Protection of )
critical 7 Enwro_nm_ental
Infrastructures Monitoring

Mine counter

Measures (Detection,
identification and
detonation)

Logistics and
maintenance of marine
infrastructures for the
offshore wind farms
—-.-.‘_—

-

CARBON
TREUST

UMS applications
and services could
emerge
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Event on the 10 years of Cleanseanet
EMSA 14-15 Nov 2017

The Copernicus
Security Service

Rui Meneses
Copernicus Programme
European Commission

o Copernicus EU Copernicus EU

1 Space o Copernicus EU a WWw.copernicus.eu



programime

The Copernicus programme is possibly the largest EU-
funded programme providing geospatial information
support across a broad range of policy areas, based on
Earth Observations and in-situ-data

It is a joint EC-ESA programme with a financing of approx.
€4.3bn for the period 2014 to 2020

It aims at providing relevant information to policy-makers
and other users, particularly in relation to environment
and security

opemicus Lo,
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k%érnicus
g JAS

Programme Histor

Copernicus, formerly known as the Global Monitoring for Environment and Security
(GMES) is an EU-led initiative for an autonomous and operational European Earth
monitoring capacities

2006

GMES precursor activities

Copernicus
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Monitoring the State of the
Earth System Environment...

= =

'
<~
Marine £ nment *

Maonitering

{ OOETMICLUS

Bl Cooemidis.
... Six cross-cutting

Thematic Services
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Space Component -Copernicus Missions

. 'q(c S6 (Jason-CS): Altimetry Mission

E-i_ https://sentinel.esa.int/web/sentinel/home \opemicus Rl e

e
L 3



g Deployment Schedule Contlnmty up to 2030 _
k%ernicus %14 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027
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Operational predictability &
, continuity allows business
— plans to emerge
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Component-Copernicus Missions

TerraSAR-X
Tandem-X

8 Radarsat
Copernicus
Contributing = Cryosat
Missions i%g
Jason. \‘: @e
N
e, 2
(° <
((\Q \\e

Meteosat 2" Generat.
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{ O Methodology
¥ 2 Copernicus

A User-Driven Operational Programme
Strong involvement of users and main stakeholders

OUTCOME:

User up-taking and Implementation Strategy

Operational Specifications

opemicus Lo,
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Copernicus Security Service

I

The Copernicus Security Service

Three application areas.
- Support to EU External Actions
- Maritime Surveillance
- Border Survelllance

Operated through Delegation to

e
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k{i} Components and Operators

2 2 2
Support to iti
b 0 EU ICI)EE)dernal 0 S Ma“-ﬂme X
Surveillance 1 P 1 urveillance SN
1 5 6 ;
y CECS IS_erV|ce SEA Service CMS Service
DECoNG Portfolio Portfolio
>~ FRONTEX / E/]JSA

Inter-Agency cooperation

Industrial Base
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Surveillance

Support to Border

FRONTEX is the Copernicus Entrusted Entity for - = Fronrex
Implementation of the

Copernicus Maritime Surveillance Service
Since Nov 2015

)

i, F RO N T EX 17 December2015
A Miss Lowri Evans (Director General — DG-GROW)

and Mr. Fabrice Leggeri (Executive Director —
FRONTEX) sign the Delegation Agreement

Gwmicy.s |



Eurosur Fusion Services / Copernicus

! . = Interagency cooperation - services delivered in cooperation
Services enhancing situational

awareness and reaction capabilities of with: %
EU Member States /' E M S ﬁ
Based on the Eurosur Regulation and European Maritime Safety Agency

Copernicus Delegation Agreement

= EUR™POL

GF}-?!T!FH? |

OPErnICUs
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List of Services

L-l’

L@gbernicus N
b pe On request

'3

j 24 » S1 Coastal Monitoring

.  S2 Pre-frontier Monitoring

15 \ » S3 Reference Mapping

» S4 Surveillance of Maritime Areas of Interest

T

» S5 Vessel Detection

= 57 Vessel Anomaly Detection

-~ Permanent |

= S6 Vessel Tracking and Reporting

h * S8 Environmental Assessment

! Bk G’WFWCH.E [
"



Example - Coastal Monitoring

e  Monitoring & analysis on specific external Contributing to save human lives
coastal areas » Supporting analysis in tackling cross-border
«  Validating risk indicators criminality
- Predicting patterns . §uppprting strategic and operational
intelligence

R #éaces 1, 22 Jan 2017
‘i'luf‘.‘i?i-'.

4 Chal ‘1
s 03 Da 2016
ol 1AON

e m T (4 Ot 2017 (TSN :
) 0%« #fa :'M,ru

- European
Commission
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@ Added value - Example

-

L!j(-llopernicus

VESSEL DETECTION SERVICE - MIGRANTS RESCUED

= 6 October 2015 — 3 boats rescued — 370 ppl on board, incl. 48 women & 9 children

= Cooperation: Frontex — EMSA — Italy — EUNAVFOR MED

) B

MISSIOMN EVENTS

EFS Section has forwarded information to EURONAVFORMED asset that has investigated the targets

INVESTIGATED VESSEL

4 vessel investigated

E Incident nr. 1322 related to 1325 — Rubber boat with migrants onboard (135 migrants)

Incident nr. 1324 — Rubber boat with migrants onboard (108 migrants)

Incident nr. 1326 — Rubber boat with migrants onboard (129 migrants)
Incident nr. 1323 — Rubber boat with migrants sighted
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CMS - CopernicusMaritimeSurveillance

MARITIME SURVEILLANCE

EMSA is the Copernicus Entrusted Entity for the
Implementation of the

Copernicus Maritime Surveillance Service
Since Dec -2015

3 December 2015
Miss Lowri Evans (Director General — DG-GROW)

/ and Mr. Markku Mylly (Executive Director — EMSA)
_ sign the Delegation Agreement

CDDEFDiC_U_.S [



Copernicus Maritime Surveillance

An Integrated approach
By Underpinning principle: Share data (CISE) and Fusion and Analysis techniques
? Economy of scale in surveillance costs
Need to take into consideration data policy and sensitivity aspects

vy Communities:
,.-ﬁ‘-.._. :.
! . —Border Control
- £ —Maritime Safety and Security

—Defence "J’, ¢ f
E 9 —Customs Authorities \t/

—Law enforcement
—Marine Environment '
—Fisheries Control _

Gﬁm@‘miws |

-
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CMS -

Function areas

Fisheries Control

Customs

Maritime Safety and
Security

Marine Environment Monitoring

Law Enforcement

Other (defence, anti-piracy)

/4

European Maritime Safety Agency

G’WT’.’.‘.?CH.E

European
Commission
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SEA - Support to EU External Actions

| -
K Copernicus

SEA — Support to EU External Actions

Ik
N
PF

Lk

SATCEN is the Copernicus Entrusted | | | cirogeb e

on Earthy

Entity for the
implementation of the
Support to EU External Actions Services

& Operations as from May 2017

17 October 2016

Miss Lowri Evans (Director General — DG-GROW) and Mr. Pascal Legai
(Executive Director — SATCEN) sign the Delegation Agreement
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| SEA - Support to EU External Actions

&

" Copernicus
g 1A% SCOPE:
o
_3.. The SEA service aims at assisting the EU in supporting operations outside the
Lo EU territory, in particular providing decision makers with geo-information on
- AN remote, difficult to access areas, where security issues are at stake. It targets
) mainly European users but can also be activated by key International
'}.,. stakeholders such as the UN.

] t 9 4 ¢ !
—~ gty
s t '\f« $ ¥

¥

b
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Assessment

Conflict Damage
Assessment

Non-EU Border Map

\ ‘ ’| 1. A 8
Camp Analysis

Picture

Activity Report

(opemicws 'm

European
Commission
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¥ Conclusions

; Copernicus

The Commission has been successfully including EO technology in monitoring of
EU policies (eg. BS/EUROSUR, Fisheries control, Maritime pollution etc.).

Py
.?..ﬂr

_.F.Jj e Since 2016 -17, Copernicus is delivering EO-based services through FRONTEX
g (2016), EMSA (2016) and SATCEN (2017), targeted to surveillance and security
j users.

¥

« Afitness for purpose exercise will follow. Revisiting policy needs is underway.

» Fact: Use of Observations from Space (resolution, revisit time) is limited to a
.q';_ subset of observation requirements ; Data fusion is required to generate added
R value information

* The existing and planned commercial offer for EO VHR imagery will be
— increasing significantly, narrowing the gap between what can be provided and

| what is needed |
2 (opemicus "HA =m.,
"
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¥ Way ahead

-

—

~opernicus

o

Expectations are high also on complementary technology, RPAS as well as other in-
situ observation infrastructure (e.g. HAPS, specific Autonomous Unmanned
Platforms, etc.) can further narrow the gap between requirements and observation
needs. But how can they be integrated in Copernicus?

The European Defence Action Plan (EDAP) sets the stage for deployment of shared
dual-use capabilities. How can we explore this?

Questions subsist on Governance, Regulatory, and Policy issues:
Handling of VHR data (timely tasking and distribution, sharing, processing, digital platforms)?
Integration with 'local, higher-resolution data and intelligence’ for local needs?
Financing (European, Regional , Civil v.s. Defence) — Perimeter of Copernicus finance these ?
Overall governance of a more distributed system

An independent 'Experts' Study is underway — first findings 15t Nov 2017

A new Copernicus Regulation for the upcoming EU Financial Framework is on the
making, which will likely contemplate the expansion of the Security service to
respond to (some) of the challenges above.

@D@‘rnic_u_.s 2 ]

European
Commission
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Thank you

Copernicus




Copernicus

Maritime Survelllance Service

Pedro Lourenco / Head of Sector :
| | OPEINICUS
Earth Observation Services e Gy Eth Oservalion Pogam

14 November 2017 / copernicus@emsa.europa.eu European Maritime Safety Agency




Copernicus Maritime Survelllance

Copernicus Service Component

Border -~
Surveillance »~~ FRONTEX

©' Security ‘ Maritime MEMSA

Surveillance L

External Actions

Wz  Land Monitoring
@:’ Marine Environment Monitoring
@”‘ Atmosphere Monitoring

C Emergency Management

C ~P~ Climate Change

/B et ¥ichs are fully free of charge

Delivered by Entrusted Entities

J \

Restricted access;

specific conditions; delivered
directly and securely to user

Full and open access;

data accessible to all;
mostly available online

69§r,n_igg§ 2



Copernicus Maritime Surveillance

Background

« EMSA is the “Entrusted Entity” for the
implementation of Maritime Surveillance
Services

 Delegation Agreement signed December
2015

» Services delivered from September 2016
 Budget 2016-2020: 40M EUR
 Budget 2017: 7.4M EUR

3 December 2015

®
O ernIC' 'S Miss Lowri Evans (Director General —
DG-GROW) and Mr. Markku Mylly
The European Earth Observation Programme (Executive Director — EMSA) sign the
Delegation Agreement

M EMSA Gmrn_icus 3



Copernicus Maritime Surveillance
Function areas served

Fisheries Control Law Enforcement

Customs Marine Environment Monitoring Other (defence, anti-piracy)

MEMSA GQern_icus 4



CMS - Fisheries Control

Support fisheries control activities

* Monitoring of fishing grounds
* Monitoring of fish cages / farms

* Monitoring of fishing ports

Monitoring restricted areas

© CNES 20186, Distribution Airbus DS

Restricted et : :
Fishing s A 4 Vessel towing fish cages

vessels
area

.

RADARSAT-2 Data and Products © MacDONALD, DETTWILER AND ASSOCIATES LTD [2015] — All Rights Reserved” and

Vessel towing fish cages © European Space Imaging/DigitalGlobe 2013

WE M gmARSAT is an official mark of the Canadian Space Agency Gpernjcus 5



CMS - Maritime Safety and Security

Maritime safety and security support

e Search and rescue operations

Safety of navigation - including support to ice monitoring
e Maritime picture compilation

Activity detection

JRCC Cyprus SAREX - EMSA
CMS Activaty Detecton
J

AET_ 1 Dot and maser St w8 e

-

ACYE - Sewt 004 roveus: Sagrats on wame
AGT_L. Purun Wansrmg Large sptt om she | 4
ACY,4 . Goee Uentarmg Co
s & ..(" B s e

R e L

WV2 © European Space Imaging/DigitalGlobe 2017

MEMSA (mm .

SN , b3 A o & ‘
Ice Monitoring,. = A -2 Data and Products © MacDONALD, DETTWILER AND ASSOCIATES LTD,
i ' and “RADARSAT is an official mark of the Canadian Space Agency

Gpern_ic_u_s °



CMS - Law Enforcement

Support to law enforcement activities

* Monitoring of ports and shores for departure of specific ships

« Detection of potentially suspicious vessels (e.g. transhipment of
drugs from a larger vessels to small boats)

« Search for non-cooperative targets

Detect suspicious vessels Vessel reporting in 3@ country port

-~ -

Yellow - correlated
fishing vessel - VMS

B White - correlated

© EMSA, contains modified Radarsat-2 data, 2017 other vessels - AIS

MEMSA

opernicus 7



CMS — Customs

Support to customs activities

» Detection of potentially suspicious vessels
* Monitoring the ship-to-ship transfers and movement of goods
« Early warning/identification of criminal trafficking of goods

Uncorrelated small vessels Possible ship-to-ship transfer

VDS position

Comelated: fala= l
Lon: D01 E9.5IW
35°28.64N
npe  Z017-03-08 1810207

5 A OO
width;
Estimated 12 m o
fidence 90 £ETm

stor: IMS_CUSTOMS
- 1703080017 RS2-MFH

Detection of uncorrelated small vessels © EMSA, 2017 " © CNES 2017, Distribution Airbus DS

M EMSA Gmrn_icus 8



CMS — Pollution Monitoring

' I I Jpppp—
Pollution monltorlng Support ...-""
."'"d

» Detection of illegal oil discharges and ID possible polluters

« Early warning/identification of incidents/accidents that may have
an environmental impact

« Support to pollution response operations

Illegal spill and possible source
SR o RS '

o S AT AT

 Extend CleanSeaNet service
for pollution monitoring and
vessel detection beyond
European waters to other
areas of interest, e.qg.
overseas territories

Gmr.njgy_s 9

© EMSA, 2016



Copernicus Maritime Survelllance

Service Delivery

Number of delivered services

Start of Delivered

Function area activity services

Fisheries Control Sep 2016

Maritime Safety and
Security Nov 2016 154

Law Enforcement Sep 2016 402

Fisheries Control

Customs Mar 2017 491

e
piracy, support to Sep 2016 34
external entities

Marine Environment
monitoring Jan 2018
Customs

1986

MV EMSA

L‘- -
Maritime Safety and

: Law Enforcement
Security

Marine Environment Other (defence,
Monitoring anti-piracy)

Gpﬁrnjc_us_ 10



Overview of users

Users Potentially interested

. European Fisheries Control Agency, EFCA . swedish Coast Guard

. Maritime Analysis and Operation Centre — . Croatian Ministry of Sea, Transport and
Narcotics, MAOC(N) Infrastructure (Maritime Rescue

. Portuguese Navy Coordination Centre, MRCC Rijeka)

. Spanish Navy . Irish Air Corps

. Spanish Customs . EUNAVFOR

. Cyprus JRCC . Netherlands Coast Guard

+ Icelandic Coast Guard + ltalian Coast Guard

«  L'Institut polaire francais Paul-Emile Victor *  French Navy
(IPEV)

. United Nations Office on Drugs and Crime,
UNODC

. French Maritime Affairs (MRCC La Reunion)

. Harbour Police, Hamburg, Germany

1 year of
. Spanish Maritime Safety Agency .
(SASEMAR) operations
«  Danish Joint Defence Command 430+ users

M EMSA 699@925 1



CMS Product Catalogue

CMS Products

Standard products

SAR
Optical

Value Added products

Vessel detection
Activity detection
SAR wind and SAR wave
Oil spill detection

Fusion products

Correlation w/ AIS, SAT-AIS, LRIT, VMS

Alerts and notifications

69_@@99_5 12



Contact:

copernicus@emsa.europa.eu

Visit us: copernicus.eu

emsa.europa.eu

G
1%
%

wies on Earth

(opemicus WEMS/



European Maritime Safety Agency

Celebrating 10 years CSN/ESA/EMSA

Session 3: Defining the future

Corference Roor M EMSA



- 0N.N0- Opening remarks for the day and Introduction to
CRE-Ek break-out sessions

09:20-09:40 Keynote speech: ESA ECSAT

Break-out sessions: The future of space-based
services for the maritime sector

09:40-11:00 What next for CleanSeaNet?

Developments in satellite AIS and VDES
The potential of RPAS
New ideas and technologies

11:00-11:30 Feedback to the plenary
11:30-12:00 Coffee

12:00-12:20 Keynote speech: European Commission

12:20-13:00 Conference conclusions

M EMSA

Markkuu Mylly, Executive Director, EMSA

Andreas Schoenenberg, Head of the Study and
Project Management Office, Telecommunications
and Integrated Applications (TI1A) Directorate, ESA
ESTEC

Michiel Visser and Sénia Santos (Conference room)
Andreas Schoenenberg and Lawrence Sciberras (-01.12)
Pedro Galache and Olaf Trieschmann (-01.13)

Pierre Potin and Pedro Lourengo (0.41)

Rapporteurs

Magda Kopczynska, Director for Waterborne
Transport, DG MOVE



Break-out Sessions (9:40-11:00)

M EMSA

o

>»What next for CleanSeaNet?

Moderators: Michiel Visser (NL) & Sonia Santos (EMSA)

Conference Room

»Developments in SAT-AIS and VDES

Moderators: Andreas Schonenberg (ESA) & Lawrence Sciberras (EMSA)

Room -01.12

»The Potential of RPAS
Moderators: Pedro Galache (EFCA) & Olaf Trieschmann(EMSA)
Room -01.13

»New ldeas and Technologies

Moderators: Moderators: Pierre Potin (ESA) & Pedro Lourenco (EMSA)

Room 0.41
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TIA-AP
Doc. No.: ESA-TIAA-HO-2017-1214, V2.5
Date: 14/15 November 2017

ESA UNCLASSIFIED - For Official Use

=i I = e = I = = S @ =k European Space Agency




Maritime safety and surveillance: |
new instruments for tackling new needs UMS \&j cSa

f

HAPS
% VDES/ VDES-SAT
—
:
o
I_
AIS/SAT-AIS
A /Q"}%\
3
= -
ESA UNCLASSIFIED - For Official Use | Slide 2

—_— 0l =™ LW = DIl D e @IS E1EE i v European Space Agency



Maritime safety and surveillance: the role of space s esa
&5
« Improvement of existing instruments and advent of new instruments

 From RPAS initial operations to RPAs full operational utilization in near
coastal areas and open seas

» Utilization of HAPS and UMS

From SAT-AIS to VDES-SAT for supporting sharing of information while at
sea (obstacles detection, meteocean information, ...) and SAR operations

e Space in support to maritime users
*Relay of AIS and VDES data via satellite in non coastal region

 Enhanced connectivity solutions via 5G networks (terrestrial and satellite)
offering low-cost broadband secure connectivity to support RPAS, HAPS
and UMS operations

ESA UNCLASSIFIED - For Official Use | Slide 3

—_— 0l =™ LW = DIl D e @IS E1EE i v European Space Agency



Shipping and Navigation: a sector in

Tomorrow

Today

f

Maritime Big Data platforms

deL '—;—- I _“__
_'“'= -— ’— —
= J—"" R,
-“' 3 B gt
TR | |, e——
g S el e
e-Navigation

evolution t'h

d:esa

Autonomous ships

VDES/ VDES-SAT

ESA UNCLASSIFIED - For Official Use

| Slide 4

— 0l b c=® 4 W = T Il - - ==l T = 0O i 1+ European Space Agency



New sector trends s
eSd

&=

« Smart vessels: next major transition for the shipping industry as ships will
require high levels of data analytics to operate on-board systems to manage
propulsion, navigation and other functions

* New fuels and change of fuel balance

Virtual/Augmented reality to aid maintenance/repair operations
 More frequent extreme weather disrupting voyages and port activities
« Environmental laws enforced in shipping sector

e Multimodal hubs Sea; Air; Road; Rail

« Autonomous Vessels: vessels with partial help from the remote control
centre will be able to manage the voyage on their own.

ESA UNCLASSIFIED - For Official Use | Slide 5

—_— 0l =™ LW = DIl D e @IS E1EE i v European Space Agency



Shipping sector evolution: the role of space s

d:esa

« The future VDES and 5G technologies will offer relay capability for the Big
Data set between ships and ship/shore to address e.g.

- next generation of modular control systems to enable wireless monitoring and
control functions on and off board

- near real time monitoring of cargo, vessels and assets (tailored predictive
maintenance instead of fixed maintenance)

- always connected vessels

« The new precise satellite navigation systems are key enablers of
navigation and positioning for marine applications

ESA UNCLASSIFIED - For Official Use | Slide 6

—_— 0l =™ LW = DIl D e @IS E1EE i v European Space Agency



Use cases for 5G and Maritime s

{:esa

L; 4= = .
Connect vessels and fleet Q’/ HD Local hazard warning
SatCom optimization T v
integrated Mo RT route updates
\\
N

with
5G infrastructure

terrestrial
assets
(3G,4G,5G,
RPAS) will
offer

/
’
bi it Smart ships: ship-to-shore //
nn ivi Vessels status monitoring ’ :
SOMUEGIRIL /’ Safety/security
messages
EO weather data .
Fleet Data collection
|

ESA UNCLASSIFIED - For Official Use

| Slide 7
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European Maritime Safety Agency

Celebrating 10 years CSN/ESA/EMSA

Break-out session 1:
What next for CleanSeaNet?

Moderators: Michiel Visser (NL) & Sonia Santos(EMSA)

Conference Room Lisbon/ 15 Nov 2017 /'E M SA



M EMSA

o

GUI with a pop-up informing that new alert is available in the User AOI.

Seed Questions - Part 1

»New functionalities

Feedback provision via notification email; vessel detection report;

MS GIS layers of interest in User Interface, eg PSSA areas

SSN Enrichment (eg Cargo information, voyage destination);

Vessel traffic layers (LRIT and VMS information)

o 0o o o O O

Drifting models ;



Seed Questions - Part 1

M EMSA

»New information content \’\
O Other parameters/information missing in alert report or User Interface:

Estimation of oils spill age;
Classification of pollution type (integrating other sensors);

Estimation of spill volume (integration of new sensors eg ( multispectrum
sensor, following feedback on mineral oil with BAOAC) ;

A vessel detection report;

In case of possible polluters several hits, level of confidence shall be set
taken into consideration Anomaly behavior algorithm.

New sensor(s) data take opportunities for the detection location.



Seed Questions - Part 1

g

a

M EMSA

»Area/Temporal Coverage s!\
Number of delivered services per year (over 3000 images per year) ar

sufficient, coverage areas to be updated by MS if needed.
Increase of delivered services should not impact the NRT delivery.

Increase of number of delivered services per year if there is a variation of
day times.

Variation of day times ( eg. new platforms to be included).

Need for fast tasking high resolution imagery in specific areas (eg hot spots
areas of ship to ship transfer, wreck removals).

Pinpointing (optical imagery, SAR high resolution)

Current allocation process agrred.



Seed Questions - Part 2

M EMSA

»Meetings and Workshops s!\
O Possibility of a semestrial (video conference) for UG actions follow-up ahd

new system functionalities.

O Service Feedback meeting CSN users; Service and License providers.

O From this group the yearly meeting at EMSA premises is sufficient.
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European Maritime Safety Agency

Celebrating 10 years CSN/ESA/EMSA

Break-out session 2:
Developments in SAT-AIS and VDES

Moderators: Andreas Schdnenberg (ESA) & Lawrence Sciberras (EMSA)

Room -01.12 Lisbon/ 15 Nov 2017 /'E M SA



A EMSA

SAT-AIS

Provision of high quality SAT-AIS data

sprnces lgEMitisens Detection of AIS signals by low
earth orbiting satellites. Enables
the monitoring of all AlS-
equipped vessels on a global
scale through a satellite
constellation and a network of
ground stations.

-
-

% GPS Satellite ORBCOMM's

»>Has the provision of SAT-AIS data " L
services been beneficial to your area ¥
of interest?

»What kind of improvement you would
like to see in SAT-AIS data services?

»How do you see SAT-AIS data
complementing other data sources? 2



VHF Data Exchange System (VDES)

Use of AIS technology for VHF
data exchange of maritime
Information services on a global
level from ship to shore, shore to
ship, and ship to ship.

»What kind of VDES services would
you like to see?

A i.e. SAR, reporting formalities,
provision of information derived
from EO imagery, etc.

»VDE-SAT (space component)
enables two-way communications
from ship to shore or vice versa. For
what purpose could this be used?

M EMSA

Terrestrial component - approved by
ITU WRC 15.

Satellite Component — VDE-SAT (to be
approved by ITU WRC 19).

VDE-SAT space segment: smaller
satellite(s) or hosted payloads on
satellite(s)

H'“‘--..___.l'_rerrestrial VDE segrn_l;_ut:-'"‘
shoré-to-ship and ship-to-ship

Source ITU Doc (ESA)

Information transfer between terrestrial
stations and satellites - higher speed
digital data exchange with worldwide
coverage.



M EMSA

Feedback: SAT-AIS

»Has the provision of SAT-AIS data services been beneficial to your
area of interest?

No present use on operational basis.
Used for testing Coastline applications and for security purposes. Provides the data to

Administrations from all flag state vessels. Has the potential to be used for Safety of Navigation,
shore-based. Better coverage for remote areas where terrestrial AIS data is not available.

»What kind of improvement you would like to see in SAT-AIS data
services?
How to use SAT-AIS data for Unmanned and Manned vessels. Machine to machine connection is

needed. Consistency — better update rates — the time it takes to receive two consecutive positions
of a single vessel.

»How do you see SAT-AIS data complementing other data sources?

Should substitute LRIT. LRIT is deemed to be obsolete. IMO needs to address this.



M EMSA

Feedback: VDES

»What kind of VDES services would you like to see?

U i.e. SAR, reporting formalities, provision of information derived
from EO imagery, etc.

Exchange of voyage plans > Ship to Ship, Shore-Ship, Navigation warnings, SAR

Safety of navigation. Could be a key platform for exchange of info between Manned
and Unmanned vessel.

»VDE-SAT (space component) enables two-way communications
from ship to shore or vice versa. For what purpose could this be
used?

Can be the basis for use for an extended navigational aids - eNavigation
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UNIVERSITY OF LJUBLJANA \L
Faculty of Maritime Studies and Transportation

REPUBLIC OF SLOVENIA
MINISTRY OF INFRASTRUCTURE
SLOVENIAN MARITIME ADMINISTRATION

/ﬂ E M SA European Maritime Safety Agency

Backtracking Issue;
“AlS Currents”

New ideas and technologies; Break out session

Marko Perkovie, Milan Batista

Celebrating 10 years CSN/ESA/EMSA

Lisbon, November 15th, 2017



“fﬁ Adriatic Sezy; Trarfic AlS density

4




‘CSN Results; Adriatic Sea
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Simple case? Easy to icenilify vessel ...
what about the surfactants
characterization.:




Case Study |; Annex Il

032016 ®
JI.. )RR ..

Discharge terminated winile passing
territorial water, may lead to good
practice following Annex ll of Marpol
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SET and DRIFT
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Weaker drift
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Experimental area; HF RADAR 3
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ODAS data
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First results
BT

Ships SET and DRIFT, calculated “AIScurrents”
and HF Currents
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Multi vessel drifting approach towards
metocean validation (calculated

currents “AlS Currents”)
Results

Google Earth




Multi vessel drifting approach towards
metocean validation

Surface currents model analysis data vs “AlS currents”
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Example; hindcast
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Example; Hindcasting detected surfactants
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European Maritime Safety Agency

Celebrating 10 years CSN/ESA/EMSA

Break-out session 3:
The potential of RPAS

Moderators: Pedro Galache (EFCA) & Olaf Trieschmann(EMSA)

Room -01.13 Lisbon/ 15 Nov 2017 /'E M SA
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» What are the existing gaps and visions? to be

filled? \’\

» What are the RPAS capabillities/unique advantages

to complement maritime surveillance?

» How to integrate data from satellite, RPAS, in-situ

to form a complete maritime picture?

» What are the issues still to be tackled to make

RPAS complementing maritime surveillance?



Bridging the gap ...

Remotely Piloted
Aircraft Systems

ow can
RPAS complement -
maritime
surveillance?

MEMSA



Outcome of the breakout group “RPAS” -1

M EMSA

» What are the existing gaps and visions to be filled?

O Satellite, RPAS, manned aircraft and in-situ systems are complementary and not
replacing each other!

O LEO satellite with their orbits are not always available and cannot stay on location.
RPAS can provide long term surveillance of a specific spot.

0 Rapid response is limited for LEO satellites (e.g. emergencies like SAR, pollutions
response, natural catastrophes, ...).

O Unlike satellites, RPAS can fly below the cloud, which makes visible and IR
observations available in cloudy atmospheres.

O HAPS were seen to be the next steps for long endurance operations



M EMSA

Outcome of the breakout group “RPAS” - 2

» What are the RPAS capabilities/unique advantages to
complement maritime surveillance?

O Continuous monitoring of AOI (e.g. high-risk areas for fishing, hot spots for
irregular migrants, or for duration of large SAR operations):

0 extreme endurance (which is not possible with manned aircraft) also in case
of cross border operations and

O large range to find and approach AOI
O RPAS operation 24/7

O RPAS could be operated in dangerous areas (e.g. over fires, radioactivity, HNS ,
anti-terrorism) — however a relevant set of sensors need to be defined
Reconnaissance with RPAS (e.g. 3D analysis) of a ship could help in the decision
making process and prepare response actions

O OPAS (optionally Piloted Aircraft System) operations; Rapid deployment services
where crew and ground equipment fly the aircraft to base location of RPAS
operations and flexible operation based on need for unmanned missions



Outcome of the breakout group “RPAS” - 3

M EMSA

» How to integrate all data to form a complete maritime
picture?

O Integration of RPAS with the other data sources by value adding and fusing of
information is requested

 Real time data is essential to react immediately. But post-flight video was
requested

O Geo-projection of data/video on maps is requested for operational purposes
O RPAS should be included in the

O civil protection mechanisms

O inspection regimes, e.g. THETIS

0 Common (open source) standards for dissemination and fusion of data are
proposed: data should be exchanged by respecting the INSPIRE directive.



Outcome of the breakout group “RPAS” - 4

M EMSA

» What are the issues still to be tackled to make RPAS complementing
maritime surveillance?

Q

A standardized management and use segregated air space is necessary to make RPAS
operations work seamlessly

Harmonized (EU) procedures required for permit-to-fly (incl. common risk analysis)
Operational procedures in MS how to use RPAS needs be addressed

EMSA was requested to focus larger RPAS with complex payload — and to operate them
multinational; smaller RPAS could be operated on national level

Data link for real time data availability is essential (RLOS up to 100km, SatCOM beyond)

Use of software/sensors technology in order to fully autonomously detect, identify and classify
substances. Sensor payload capable to identify substances have to be identified:

U Unmanned vessels for in-situ observations?
U Exchangeable sensor?

To be analyzed that RPAS are accepted to take evidence (e.g. taking samples) which would be

very helpful for court cases — however this has to be tackled on national level 7
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Integrating everything ...

N/, 4 oF 7
EO, SatAlS, LRIT

()

Il

|

- me S Ship

.y ' l registry
.'.flﬁzx;}};ﬁéz - Maps
Port state - Models
: : - Behaviour
information

analysis



RPAS for maritime surveillance
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Break out session 4:

M EMSA

Operational needs

Search and Rescue:
= Ability to track satellite phones used by migrant ships
= Ability to detect, track and characterize simultaneously a high number of migrant ships

= [ssues in terms of communications close migrant departure areas which affect SAR
operations

Qil spill monitoring
= Ability to detect substance and volume of the spill

Maritime Security
= Ability to detect radar signatures of non/reporting vessels

Maritime Safety

= Need to have precise ice mapping for navigational purposes in specific areas of the
Baltic (Gulf of Riga)

Multipurpose
= Persistent monitoring as a need for multiple use cases
= Precise drift modelling requirement for search and rescue, oil spill monitoring, etc.
= Accuracy of satellite detection of vessel speed, heading and length critical for operations




Break out session 4: WEMSA

Technologies / applications

Electronics signal intelligence
= Detection of satellite phones used on board migrant ships
= Detection of ship radars of non/reporting vessels

Combination of satellite information with other assets

= Satellites used for the detection of vessels but characterization of targets
requires other assets (RPAS, HAPS, etc.). Combination of assets is key.

Oil spill monitoring
= Hyperspectral sensors can be used to derive information about nature of the
spill (Sentinel expansion mission?)
= Multipurpose

= Persistent monitoring requires constellations, geostationary assets and/or a
combination with non-space assets (RPAS, HAPS, etc.)

= Tasking time and revisit time (as well as daily pass time) as critical variables

= Quality of the derived information (in terms of accuracy of speed, heading,
length), as well as detection reliability (false positives and false negatives(
critical for multiple use cases.
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Conclusions

Session 1: CleanSeaNet 10 years

= Sustainable, mature EU wide harmonized service

= Strongly integrated in Coastal States pollution
response chains

= Optimizes the uses of Coastal surveillance assets
= Enabled by strong cooperation with Industry

= Creates a clear long term deterrent effect for
European waters

= Backbone of EMSA’s Earth Observation Services
(i.e. Copernicus Maritime Surveillance)

MEMSA



Conclusions

Session 2: ESA EMSA cooperation

= Strong synergies between EMSA and ESA: ESA’s research and
development activities and pre-operational demonstrations are
taken to operations by EMSA

v (i.e. ESA MARCOAST project and the SAT-AIS joint initiative)

= Close partnership in Earth Observation for the maritime domain
v (bringing ENVISAT and SENTINEL-1 A/B into service, testing EDRS)

= Cooperation has a lot of potential for the future:
v'RPAS and SAT-COM
v'Satellite component of VDES, data processing, applications
v'HAPS (High Altitude Pseudo Satellites)
v'Vessel traffic management of unmanned vessels

MNEMSA 3



Conclusions

Session 3: Defining the future

= Break out sessions

v' Outcome will be summarised in the
conference report

v'Interesting ideas/inputs which will be
explored further

v'Positive outlook what new technologies
and services can bring to the maritime
domain

MEMSA
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