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“The challenges of... the blue world” -
The Space Technology perspective

Insights of the Greek Space Technologies and
Applications Cluster (si-Cluster)
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1. The si-Cluster & the Greek Blue World



Our Vision
SI-cluster

__.—a-corallia_initiative

To sustain a

world class cluster
on space

technologies &
applications

One of the 3 gold labeled clusters
worldwide in the space sector
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Indicatively: Design & Development of Satellite Subsystems & Components
(Structures, Mechanisms, Power Control, Telemetry Tracking & Control, Attitude &
Orbital Control Systems, Communications, Thermal Control, On-Board Computers, etc.)
/ Payload Development (for Downstream Applications and Space Science) / Ground
Control Equipment / Launchers /Life Support Equipment

Indicatively: Ground Control of Satellites
and Space Missions / Storage and
Preprocessing of Data / Management and
Distribution of Data /
Telecommunications
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Indicatively: Agriculture, Forestry & Fisheries / Biodiversity & Environmental
Protection / Climate & Energy / Civil Protection & Humanitarian Aid, Security &
Border Control / Public Health, Disease Control / Tourism / Transport & Safety /

Urban & Regional Planning / Navigation / Air Traffic Control /
Telecommunications / Space Science / Technology Transfer to Earth Applications
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Ecosystem around the si-Cluster
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e Services Portfolio

Si-Cluster

a corallia initiative

Research & Networking 'QI Commercial Cooperation
"Io

\ |/
~ ”~
@ Cluster Expansion j@: Innovation & Technology

@ Education & Training %g% Policy Action




Strategy and Business Plan
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si-Cluster

a cor

si-Cluster Strategy and Business Plan

» «% W

The Greek Space Technologies and
Applications Cluster... On orbit

The si-Cluster (www si-cluster.gr) is an emerging. Industry-led and user-driven innowvation cluster
focusing on Space Technologies and Applications in Greece. It was established in 2008 as a joint
initiative between Corallia (www.corallia.org) and the Hellenic Association of Space Industries —

HASI (www hellenic-asi.org).
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The Greek Space Technologies
and Applications Cluster

Technologies, Capabilities
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e The Greek Blue World
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» Greece is the world fleet leader in
dead-weight tonnage lead, with a share
of 17.3% of world total in 2017, followed
by Japan (11.7%) and China (9.6%).

* |n terms of commercial value of the
world fleet, Greece ranks third, with a
value close to 86 billion USD, behind the
United States and Japan that have value
close to 90 billion USD.

* The shipping industry is by far the most
extrovert sector of the Greek economy.

* The inflows from shipping activities
account for approximately 6.5% of
Greek GDP and also have a substantial
indirect multiplier effect on the Greek
economy.
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Sea tourism
Coastal transportation
Off-shore infrastructures
Logistics
Navigation
Exploration and exploitation of see...
Off-shore oil and gas
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Sea tourism
Coastal transportation
Off-shore infrastructures
Logistics
Navigation

Exploration and exploitation of...
Off-shore oil and gas

Fishing and Aquaculture

The Greek Blue World

Employment GVA (EU Employment GVA (EUR
(thousands) (thousands) million)

Maritime area / sub-sector

Management of maritime natural resources

571,48 | 20.681,00
62,83 | 19.681,00
81,57

Fishing and Aquaculture
Off-shore oil and gas

38,10
Exploration and exploitation of see floor g
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17,70 1.025,00
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338,70 5.824,00 3.696,9 167.438,00

Maritime transport
Navigation 232,24

Logistics 384,52 18.094,00
Maritime infrastructure management and spatial planning
off-shore infrastructures

coastal transportation
sea tourism

Totals

EU mGreece

[source: “The EU Blue Economy Report 2019” ]
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2. Spaced4Maritime.gr Study



e SpacedMaritime.gr — Objectives
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1000128132/19/F/MOS Space and Maritime: Analysis of Requirements in Greece SpacedMaritime gr
g @ « To identify, analyse and prioritise the
anm | needs of the maritime sector
Subjct in Greece which could benefit from
Space and Maritime: Analysis of Requirements in Greece o
space infrastructure and translate them
Project Tittle: . . -
S | into a list of user reqmrements

Date: .

6 March 202 » To make an analysis of the current

capacity of the Greek industry to
P g __ satisfy these requirements and of the
..-5-, existing solutions (Greek,
[ ] L ] .
e et e, ) New Products oo European or worldwide)
@ P available funds -3 @ Market
020 t
Collaboration New
Tools & Industrial
Funding Capabilities




SpacedMaritime.gr — Thematic Areas
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» Protecting the ocean Topic 3.3
. Logistics -...

* Ocean science

» Maritime infrastructure management and spatial Poresy

planning

Navigation -...
v Topic 3.1:
« Management of maritime natural resources Navigation -.. _
« Maritime monitoring for safety and security n—
L Navigation -...
* Maritime transport
= NaVigation Naw;:tﬁ:n%_'l_:_ ‘
= Communication
- . Topic 3.2:
+ Logistics —el

Other (please
specify)

0% 10% 20% 30% 40% 50%

v’ ‘“desk research”

ANSWER CHOICES RESPOMNSES
/ 22 7 On = [fne Topic 3.1 Navigatien - Activity 3.1,1: Operations 36.21%
- . Topic 3.1: Navigation - Activity 3.1.2: Autonomous Shipping 44.83%
questlonna!re responses Toplc 3.1: Navigation - Activity 3.1.3: Automation and Control 43.10%
. * Topic 3.1: Navigation - Activity 3.1.4: e-Navigation 42.24%
/ 33 lntervlews Topic 3.2: Communication - Activity 3.2.1: information Transfer 41.38% 4
Topic 3.3: Logistics - Activity 3.3.1: Management of Maritime Transport ~ 24.14%
v’ 118 needs
Topic 3.3: Logistics - Activity 3.3.2: Sustainable and Smart Ports 29.31% 34
Development

Other (please specify) B.62%

Total Respondents: 116
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Needs & Requirements Solutions

Table &-3: Maritime transport
Table 4-1: Space Services, providers and end-users

user Reference Docu: Parent Need Theme Subtopic BAain Activity Area  Based on End-
Need ID e WUsar(s]
SAMGA-  RDLLOIS, ADADIS = SAMGR-UNR-112, SAMGR-  Monitor sea currents'di- | 03. Mark- 3.1, Nawigation  3.13. Automation  EQ+ PNT Data Ship Master D Provider Space Service short description end-users
umNC-048 UNR-119 rection time amnd Controd
Lo S4MGR  Prisma Asset and life monitoring. organizations responsible
SAMGA-  RDLOIE,ADLOLS | SEMGR-UNR-113, SAMGR- | Monitor sea currents’ 03.Mar- 31 Nawigation  3.13. Automation  ED+PNT Data Ship Master :
UNC-049 UNR-119 sperd vene aed Control -5§5-001  Electronics for assets and safety at sea
Transport ; = r I
SAMGR- | RD.LOOL ADLOLO  SAMGR-UNRD24, SEMGR. | Monitor wave's height 03.Mar | 31 Navigation 113 Automation | EO+PNTData | ShipMaster SAMGR  Prisma Remote sensing and data fusion organizations
UNC-050 UNR-119 time and Control -§5-002  Electronics
Transport P 1 T . " i
SAMGR-  RD.L004, ADOL1S  SAMGR-UNAR-043, S4MGR-  Monitor wavelength of sea | 03. Mari- 3.1 Nawigation 313 Automation  EC Data Ship Master S4MGR  Hellas Sat Maritime satellite high throughput services. Commercial Ships, Offshore
UMNC-051 WNR-119 wane l'rm‘ and Control -55-003 Rigs and Support Vessels,
ransport foid
SAMGR-  RD.LOIE, ADLOLY  SAMGR-UNR-114, SAMGR.  Monitor wave's sposd 03. Mari- 1 Mawigation 313 Automation  EO « PNT Data Ship Master Merchant Shlpp Ing, Naval
umC-052 UNR-119 time and Cantrol Forces
Transport
SAMGR- | RD.LOIS, ADLOLS  S4MGRAMNR-114, S4MGR- | Monitor wave's direction 03, Mart 3.1, Nawigation  3.13.Automation O+ PNT Data Ship Master S4MGR  ALTUS L5A SA Shipping air measurements, EMSA
umC-053 UNR-119 time and Control _ss_m
Transport
SAMGHR- RO.LO0 SAMGR-UNRO36 Verify ship's arrival natice | 03.Mark- 31 Nawigation 313 Automation  PNT Data Port Authori- SAMGR  Libre Space AlS Cubesat Constellation, with open data policy for Maritime companies, Gov-
umC-054 tiene amd Controd s " 1 - 1
Transport -55-005 Foundation disruption of existing business models around AIS ernmental Agencies, Re-
S4MGA- AD.LD0L, S4MGR:UNR-003, S4MGR-  Accurately monitar 03, Mar 3.1 Nawigation 313 Automation  EQH+PNT Data Ship Master data. search Institutions
UNC-055 RDLLD14, UNR-C9B, SAMGR-UNR- | weather congitions. far time and Controd m = T e .
RD.1.019, 119, S4MGR-UNR-242, | route optimization Transpart SAMGR  University of Ae- A test project to detect artificial plastic targets on the -
ROMLORL - | Senacil DB ST, Sabacy:. | pupmass -§5-006 gean sea surface using UAV and satellite images technol-
ROLCLO40, UNR-193, SAMGR-UNR-
RD.CL067 300, SAMGR-UNR-323 ORY.
SAMGR- RO.LDOG SAMGR-UNR-054 Reduce ECOIS official da 03. Mari- ERN 313 G Ship Master
UmC-a56 tahate werification ime time and Controd 1inks
Traniport
SAMGR-  RDID18, ADAOIY  SAMGR-UNR-112, SAMGR- | Monter sen curvents'di-  03.Ma- L1 Navigation  L.14.eNawigation ED+PNT Datas  Ship Operator
umc-od1 UNR-119 fection time Comenurication
Traniport Links
SAMGA-  RD.LO18, ADAOLS | SEMGR-UNR-113, S4MGR- | Monitor sea currents’ 03.Mari- | 31 Nawigation  3.14.e-Nawigation EO+PNTDatas  Ship Operator
UNC-042 UNR-119 speed time Comenueikation

Table 7.3: User Requirements for Maritime transpart Needs

User Re- Newd Description Subtopic Main Activity Based on Wertical Haoritontal
quirement 10 Arca coverage  coverage  resolution  resalution
SAMGR-REQ- | Provide uninter Maritime Navigation e-Navigation COM Surface Notrele- | Always on
046 rupted communi- | Transpart ator want
cation senvices
SAMGR-REQ- | Provide laT con Maritime Navigation & Navigation oM Ship Oper- | Glabal Surface Notrele | When
047 nectivity Wia satel- | Trarspart ator vant meeded
lite
SAMGR-REQ- | Reduce FCONS offl- | Maritime Navigation Automationand | COM Ship Mas- | Global Surface Not rele- | When
056 cial database veri- | Transpart Control ter vant needed
fication time
SAMGR-REQ- | dmprave internet Maritime Communication | Information oM Ship Mas- | Global Surface Not refe- Always on
058 connections a1 Trarsport Transfer ter and want
areas with traffic Ship Oper-
congestion (e.g. at ator
ports]
SAMGR-REQ- | Mncresse availsble Maritime Communication | Information oM Ship Oper- | Global Surface Not refe- Always on
059 andwidth in Transport Transfer ator and vant
communicatians Crow
wsed an-board
SAMGR-REQ- | Provide next gen: Maritime Communication | Information oM Ship Oper- | Global Surface Not rele- Always on
060 eration satellite Trarsport Transfer ator and ant
communications Crew
on baard
SAMGR-REQ- | Provide remote Maritime Communication | infarmation oM Ship Oper- | Globad surface Mot rele- | Always on
061 ausistance to crew | Trarsport Transfer atar and vant
with the use of Crew
augmented reality
SAMGR-REQ- | Provide improved Maritime Communication | Information oM Coastguard | Global Surface Not refe- Always on
062 sateliite commund- | Trarsport Trangfer vant
rations Tar man-
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Si-Cluster Capabilities Mapping to Needs

a corallia initiative

N N N N N N §
T P T T T T PP T R VT UV T

T o gt . B B
T - B
T : H
e e . u
L = -
= -
2
. H
:
=
e - 11 11 ]
a o 11
i| = 1] 1] T
s = I [ T
— m -
e | o
-
= L
= i
= |
pr— - i
FTe ] - i
= |
= |
= i
0
e - .
=
aaa - B
e
r
n =
=
-
0
ot anmne » 1| L
= I TTTTI




ime.gr —

.

SpacedMar

Stakeholders Mapp

cluster

a corallia initiative

=1

IONS

ing to Solut

1N39am
ueaday ay) jo Aysianiun

52|UDJONd PUE HIOMIBN [SEOEG JO ANSIBAIUN

Ja5anjam)
WNILYdS YHYIL
SLOALIHIYY TVAYN O3 NITNYIHLS
LIWS INIYYIN HYS
se||aH aseds
JNVYNS
8o ndus
sa)||aqes S35
JHNLINDYNOY YaNO13S
YINI3sS
uopelodio) Jamod jgnd
$3|U04103|3 BWS|Id
SYT13H ¥31INvd
TALMYIN LYSILO
SNOLLYADNNI NOIYO
Se||aH gHO
sapysn puj Aunias ejuqo
Asojeioge] Suisuas ayoway/YnNLN
qe7 3|IqoN/VNLN
qejosaA/YNLN
$405U3S 2|U0NIB|3 Jo Aojesoqe/vnLN
qeq swayshs jonuod/vnin
LIIfSOLIYNOWIA ¥SON
NY3yng INIMYIN SONYaD0a'N

uonepunog aseds aign
ISNIH30 WOIVHLNI
5201
UONBII0SSY SUO0d NU3||3H
SLNINNHULSNI JINITIAH
1S SE||2H
HWNOH
IYH
SupaauBul Jvas
ElLTE]
1SH14 YINu3
dnosg uojsdy
qe1vSaW/HLINa
Ayjjeay uoneSiney man Aepneas)
1L1/H1¥3D
se||aH SejlJap neaing
1vSILLY
NOQ3dyY
ujddiys jo neasng uedawy
SNV
suonnjos qamly
IVdS ANV IINIIIA SNaHIY

viol

Services

Emerging Maritime

3 Maritime Green Energy and Propulsion| 23 . l

oy
gl £
gl 8 =
(25| 8
a| & &
gl d H
|l w -
L4F- o

o
MM
- | ™~ -

LTSI
uealaoy a0 dsmasun
| g0 uo saseyy fassu undojad jo ks anun
19weioug pue yoman fseneg jo dxsan [N
sy sousy §0 Aica e mge fiesed g0 Aaaaamn
[=nparg ey jo deg fseied jo Avsesn [
aganam]
wmAEIL
WNLLYJS WEEIL
LTELTS
SLOALTHOHY TWAYN OINNTWVIHLS
LIVE INTHVIN HHS
TR
sy sonds
S TIVAIS
g §35
YIS
SAVVLOS
SAVMLYS
RS wAry
vopEodioy Jamod gnd
DMOLINI P
FTIHNALINY W
W [ anun v Uy
TILIEVIN AVSUD
R [EL U0 RALT NOHNIND
SIMOVLIN VWD
SERH GHO
SAQENPU| AN IHE ERIGD
hroyesogqe Bupmuag Row VN
A1 MOV LN
qeas LN
9 Susgads jouuD) Y AULN
swmshs wyodiepon
FMURUAPIAD O IAIIRYON
asua/voN
SHYEWVIVON
Risvieiage) Buri g asouwa fiin
INSNGOUNIN
MVIHNE INIEYIN SONYOD0E'N
[1/Aoigd FTVUL S S804V Sl e 10 ARTR I
JeBaapiyy Anesy yusgory/ssuajoq jo Aasurve [
Uy ag [PUoRE N FR R R j0 AR
PORAY 32104 Iry IR IINYO B J0 ity
IpgeaspEy
]
worepunGy adeds Mgl
sqE) e
FENIO WODWHLNI
100 W BUUOAALT VEEE- R
sIM
Vud s o) Ay eiB0S B /WITH
Aydedosn jo dea/vnH
SINH
SANIWNULSM JINITIIH.
g SERM
o 1p310) @ “ABOIO|E SULIEY O SIS/ NDH

SHIVWNOID
IR0 § R0 VS SIINOMINOID
[ ]
iuoaEinthie pue panddy o BN IB0]

==
o]
sxusuh g ueadamy ]
i

e ]
15w 4 VWHI
dnaig vopsdy
e VS BNMIND
Aayeay woieRary man seNEIs)
L HLHD
Hany
segaH seudis ony
AVSILLY
NOT3dHY
15K 30V
[ a0
VOINOUINY
Bupddyys jo neang uespauny
STy
DNLLINSNO D MY YN YHOY
saflopuya) v
SOOI
WS ONY TINI430 SNENN
BLAEAS JUCEIHIOLIN SOINDY

1oL

Earth Otiservation (EO) Services.
Positioning, Navigation and Teming [PNT) Senvices

111
112
1




Si-cluster

3. Autonomous Shipping



4 degrees of autonomy
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1t degree: Ship with automated
processes and decision support

« 2 degree: Remotely controlled
ship with seafarers on board

« 3 degree: Remotely controlled
ship without seafarers on board

« 4™ degree: Fully
autonomous ship

A
[pic.credit: Rolls-Royce] , w N\



e Requirements for Autonomicity
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Sensing...
» |ol devices;
* magnetic sensors (e.g. for
steering navigation);
» cameras and thermal cameras;
« Short-Range Radar;
» Optical and LIDAR systemes;
« EO data with higher
frequency.
e
... & Connectivity .
e |oT systems & Connectivity;
* LoRa systems;
» data acquisition systems (DAS
- on the ship and at the
shore).




Requirements for Autonomicity
SI-cluster

a corallia initiative

Digitilisation

» Digitilisation of machinery
and equipment

The Digital Twin approach is
one of the main solutions to
develop autonomous vessels
as it provides the ability to run
thousands of "what-if"
scenarios and investigate the
performance of the vessel,
prior to construction.

quiis




e Requirements for Autonomicity
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Monitoring, Data Analysis, and
Smart & Cognitive systems
» Computer vision (e.g. in autonomous
navigation for vessels equipped with
camera sensors for gathering data);
data analysis on systems behaviour;
<= * Big Data Analytics;
*  « Al based situational awareness;
» Al-based decision making;
» Al based automatic maneuvering;
» Al deep learning;
» Efficient Optimal Navigation Control
Algorithms;
» Proactive and Reactive cognitive
systems;
» Predictive Maintenance of machinery.

gl



e Requirements for Autonomicity
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Positioning-Navigation-Timing (PNT)

& Communication

» GNSS; path planning and precision
navigation even in the conditions of
unavailability of time / positioning signals.

« Information Relay; Satellite
communications; BLoS Communications;

Delay Tolerant Satellite Networks; Remote
operations and control (Telemetry -
Telecommand) through satellite link.

» Cooperative sailing in swarms (i.e. 3 ships
together) including ship to ship transfers;
Inner-port autonomous operation; vessel \
auto-piloting and auto navigating by
autonomous swarm of tugboats within
port limits.

—

P TSRS



e Requirements for Autonomicity
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Other technologies...

* Robotic-based maintenance and
repairs.

* On-board automatic 3D-
printing.

« UAVs, auto-crawlers, sea drones
and sub drones for e.g.
inspection, cleaning, etc. (of the
hull, the tank, etc.)

» Augmented Reality for enhanced
monitoring.

» Cybersecurity.



Requirements for Autonomicity
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... and beyond technologies

WA i "'-1_"/' #7771 N . I DG F /5
P A PTH HRLt » Funding and R&D. Vi) 7
1 I Irfz’e_)r:r'md applications bt o
Gt st/ B A comb eru space, air and ground r TP AT 7R VA &
AL I technologies. L L TGN e
V7 .
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4. Satellite-based solutions
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Satellite
Communications
(SatCom)

goiiﬂttnm

Satellite-based solutions

&
e

Navigation
(SatNav)

o e
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GALILEO

Earth Observation
(SatEQ)

(opernicus
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B oo BERSA"
TRADE & MARINE

NAVIGATION

EQO solutions

Marine forecasts, natural disaster prediction
and early warnings.

Accurately monitor weather conditions for
route optimization purposes

Wave’s direction/speed/wavelength;
Maritime thunderstorms monitoring;
Monitor shape and state of icebergs above
and below the sea surface and issue timely
warnings.

Identify vessels with no AIS

Improve temporal resolution of EO data
regarding illegal activities detection
Spot and trace fallen containers



e SatCom & NavCom solutions
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» Allows track and trace of
vehicles, people and assets

» Allows navigation of
autonomous vehicles in the
open ocean and at ports.

* Enhanced Satellite Automatic
Identification System (S-AlIS).

» Collisions avoidance.

» Enable M2M in remote areas

» ESA’ initiative Space for 5G
(S45G).

» European Space Agency has
initiated a new ARTES Strategic
Programme Line dedicated to
“Space Systems for Safety and
Security (4S)”

e -
.w- i Bk
i e s .

3
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5. Space-based solutions



e Space-based solutions

SI-Cluster

Space can be used to support the transition to full
autonomous shipping through, not only satellite navigation
and telecommunications, as well as Earth Observation
Services...

... but also through other technologies and processes
developed for operating satellites and spacecraft in harsh
environments.



e Other Space Solutions

Si-cluster
ASICS and Composites Materials Deployable
Electronics Design and Structures Structures

Novel Materials

Sensors
and Processes
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si-Cluster HQ T: +30.210.63.00.770E: info@si-Cluster.gr
Chairman of the Board Jorge Sanchez T: +30.210.63.00.770E: j.sanchez@corallia.org
Orfeas Voutyras o.voutyras@corallia.org

s Eollow us on www.si-cluster.g

HQ:
Kifissias 44, 15125
Maroussi, Greece




