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Introduction to HydRON hydron {zesa

High thRoughput P 7N il
Optical Network

Vision ~

Develop the world first (all) Optical
Transport Network at Terabit | i 4
Capacity in space. Iy i 3ot

Extend terrestrial Fiber Networks
seamlessly by “Fibre in the Sky”.
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HydRON Project Objectives hyd

» To define the full E2E architecture of the visionary HydRON Mission
(HydRON-M) that meets the needs of its identified potential users on the
medium/long-term.

» To define and implement a HYydRON Demonstration System (HydRON-DS)
that allows the demonstration and validation of the essential technologies
by European and Canadian industries by 2025-2026.

—

Terabit Space-Ground links and Space-Space links
High speed optical / electrical switching

Collection and distribution of end user data
Terabit Optical Transport Network in Space

NN

Seamless integration into terrestrial networks
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Seamless Integration into Terrestrial Networks \\\&\;esa

» In todays terrestrial Fibre Networks Satellites are

just bridging the “last mile”, when no fibre is available

Critical
- Self driving Car

not an integral part of the network architecture

difficult to patch in on-demand

< N X X

not configurable by the network
v' have no routing capabilities

» In todays space architectures, no network capabilities
really exist. Interconnection of different layers
(GEO,LEO, HAPS, Terrestrial) are seen as a future
concept.

I Satellites are not YET an integral part of terrestrial network architecture l

Both high & low

capacity density
Mbps/km®
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HydRON User Categories

E . 2
HydRON Control
Centre(s)
Customer Control
Centre(s)

2% = S Telecom
L .
— Satellite
& k= Operators
VI ustomer i
cusomer . 'R connecting

T their fleet to
. | the Network

@ HydRON @ OTN
| User

HydRON Control
Centre(s) |

Customer Control
Centre(s)

= Satellite /

~ Airborne
//
Users
s connecting
e their own
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HydRON Control I X }
Cen!re(s) .a | -

W HydRON
| User/OTN

Terrestrial
Network
Operators

expanding their
terrestrial
network with the
Fibre in the Sky
to route traffic

'SE—’_ == ‘_——
e —
& g
<@ 4 'S

Private
Network Users
establishing
highly secure
connections via

" satellites/UAVs B the Fibre in the
| - ¥ /aircrafts to é — 8 sky to avoiding
*A—,--;\ the network » ) -terrestrial

& HydRON @ O™ ce infrastructures

@ User @ HydRON @ OTN

W User
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Members of the HydRON User Group (HUG) \\\&\i‘éesa
A —
= gy DE2 = Z TESAT
iInmarsat Rnjs asa['_
P 1 MDA

GZ: e U.Ele lsat AMAXAR COMPANY
| |

16 Members and |

AIRBUE‘—I growing
“oHB™ o +

a Thales / Leonardo compa Space L o
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Introduction to HYydRON Project hl_.]d on &_—esa

{7‘ D i _ Network

\\‘; H

““=  Integration::

HydRON Mission HydRON Demonstration HydRON Technology ¥
' System ~,  Demonstrators (HydRON—TD#l)
Limited resources » ...to define a representative » ...by GEO, LEO and
will require... demonstration of a 3D Network... Network Integration
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HydRON Project: Development Logic

------------------------------------------------------------
* *
*

» Technology Developments HyARON-TD#1 HydRON-TD#2

LEO

» System Level/End-to-End Concept
5

N
R e e,

~
?;t\ﬁsl == Network

v" based on representative GEO&LEO implementation

™ Integration &

demonstrate full capabilities of optical technologies by E HydRON oy dRON Technology :
- integration to a fully functional HydRON payload : De”;onsnat'on Demonstrators (HydRON-TD#i) *
. ystem -

* integration to terrestrial networks e iteremsserrasserrensrrrenseransssrennsrannsnrrnnnnrrann® ‘

» Flight/Demo opportunities for European/Canadian Industry
v build-up industrial capacity
v create competitive advantage for upcoming market

» Demonstrate maturity to end users to lower market barriers
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HydRON Project: System Elements

Competitive Advantages for Industry to demonstrate
v Space Segment with GEO and LEO

*  Multiple Designs of Optical Communication Terminals for opt.
ISLs and opt. feeder links

*  Multiple Designs of On-board Switching Concepts
. Demonstrating interfaces to the Users (e.g. RF) payload.
v Ground Segment

. Multiple Designs of Optical Ground Stations (OGSS).

. Multiple Interface concepts to the terrestrial high capacity
network (Points of Presence)
. Developments for HydRON Operation Centre (air-space

control, weather forecasts, coordinating and controlling all
ground and space assets).

v" Network Segment/Management

. Development of elements to ensure a seamlessly integration
into the terrestrial network

«  3D-network routing concepts of the data.
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HTD#1: GEO HTD#2: LEO

,L:/‘.‘r V.- Network
L R . B
“»  Integration::

-

HydRON Demonstration HydRON Technology
System Demonstrators (TD#i)
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HydRON Demonstrator Concept hl_.ld UL &\ cSa

100 Gbps 100 Gbps

10 Gopalcn — D - 10 Gopalon
— Optical Signal <+— <+— i 3 i
«@===> Bidirectional Optical Signal —> —> »é_, a .-ix
— Radiofrequency Signal — > —>
] —»
T Wonen - > Wl R
Network Part - 10 Gbps/Ch - 10 Gbps/Ch

Application / Service P

L
ML Digital *1_

T > igital — T
Bidirectional Transgparent Bidirectional
100 Gbps RF RX font end Processor RF TX front end 100 Gbps
- 10 WDM Ch Rxm;‘] on A (e.g. FWD) 3 - Frequency up - 10 WDM Ch
- 10 Gbps/Ch ' D A o?él;sl_r‘?:i’%n = - 10 Gbps/Ch

/ -Froqiony c © OMUX [
) downconversion -TXantenna

4 3 S A
For the HYydRON-Demo, the (Customer/User) RF mission will still implement its RF
feeder link
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HydRON Demonstration System

(hosting HydRON-TD#1)

All elements of the
HydRON-TD#1 and
HydRON-TD#2 in
combination with

additional (non-HydRON

elements)

S/IC TM/ITC
PL TM/TC

Weather monitoring

.
Satellite Ground Segment
(GEO)

Site Diversity
Control Center

Optical Feeder Link
Control Center

HydRON-TD#i Payload
Control Center

HydRON Operations
Center

HydRON Control Center

hyd

Bidirectional OISL 100 Gb,
idirectional ps .

-10 WDM Ch
- 10 Gbps/Ch (hosting HydF
»
—) 4
sy
CHE R
e RF mission
’7" . 3
RF mission W
User data
Bidirectional OFL 1004G ), b
-10 WDM Ch ;oA
- 10 Gbps/Ch Activi i Sl
RF user link J Interrupted

-
S~
ST

s 'fmerrupled
;! Optical
Link

Terrestrial
Network
Control Center

Terrestrial Network

/! Opfical
LR
£ [  Link Active

e Optical SIC TMITC
tink PL TM/TC
User data
Bidirectional GFL 140 Gbps
-10 WDM Ch
-10 Gbps/Ch

Satellite Ground Segment
(LEO)

\

POP
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HydRON Demonstration System hyd on

(hosting HydRON-TD#1)
Bidirectional OISL 100 Gbps X
-10 WDM Ch LEO satellite

- 10 Gbps/Ch (hosting HydRON-TD#2)

Elements of HydRON @ @, — — &
TD#1 and TD#2 ==

(space and ground .
Segments) User data - 1 1

Bidirectional OFL 1004G ), r
-10 WDM Ch S
- 10 Gbps/Ch Activ S
ptic: /. Interrupted

Link / / Opfical

¥/ Link Active
A\d Optical
s Link
Weather monitoring T ey
- o H i User data
e / J | ' Bidirectional CFL 1§0 Gbps
+ Interrupted .17 LI ELLILELEE . -10 WDM Ch
¥

/ Optical -10 Gbps/Ch
Link

HydRON-TD#i Payload
Control Center

HydRON Operations
Center

HydRON Control Center
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HydRON Technology Demonstrators:

HydRON-TD#1

All elements of the
HydRON-TD#1 in
combination with additional
(non-HydRON elements)
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S/C TM/ITC
PL TM/TC

Weather monitoring

|

Satellite Ground Segment
(GEO)

=

Optical Feeder Link
Control Center

HydRON Operations
Center

HydRON Control Center

HydRON-TD#i Payload
Control Center

GEO satellite
(hosting HydRON-TD#1)

RF mission
User data
Bidirectional OFL 104G
- 10 WDM Ch
- 10 Gbps/Ch Activ
ptic RF user link

Link

/
J fn(errupted
J ; Opncal

Terrestrial Network

Terrestrial
Network
Control Center

- OA 1

Customer Control
Center 1

—_— Em mlm
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HydRON Technology Demonstrators:

HydRON-TD#1

Elements of
HydRON-TD#1
(space and ground
segments)
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Weather monitoring

Site Diversity
Control Center

Optical Feeder Link
Control Center

HydRON-TD#i Payload
Control Center

HydRON Operations
Center
.

HydRON Control Center

= = OB = S2 B2 SR m I¥

,_
—
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GEO satellite
(hosting HydRON-TD#1)

(=

e
®
7
o

User data

Bidirectional OFL 100G),
-10 WDM Ch

-10 Gbps/Ch Activi
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HydRON Technology Demonstrators: HydRON-TD#1 hgd _

. = HydRON TD#1
Elements

= Customer’s
Elements .
T
Bidirectional Bidire¢tional
100 Gbps 100 Gbps

HydRON Control -10 WDM Ch -10 WDM Ch
y -10 Gbps/Ch -10 Ghps/Ch HydRON sat(s)
in GEO or LEO

Center

3 v |
Customer’s Payload by Operator @

T N
i

Optical Ground Station
(fixed / transportable)

Optical Ground Station
(fixed / transportable)
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HydRON Technology Demonstrators
HydRON-TD#2

All elements of the
HydRON-TD#?2 in
combination with additional
(non-HydRON elements)

Weather monitoring

Optical Feeder Link
Control Center
HydRON-TD#i Payload
Control Center

Terrestrial
Network
Control Center

HydRON Operations
Center

HydRON Control Center

l’ l'
2 Interrupted
J/ / Optical
¥/ Link

Terrestrial Network

User data
Bidirectional GFL 1
-10 WDM Ch
- 10 Gbps/Ch

LEO satellite
(hosting HydRON-TD#2)

Active
Optical
Link

0 Gbps

S/C TM/ITC
PL TM/TC

i
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HydRON Technology Demonstrators: hgd
HydRON-TD#2

LEO satellite
(hosting HydRON-TD#2)

Elements of wl g |§
HydRON-TD#2 |
£33

(space and ground ~ 1
J A
segments)
J/ / Optical
¥/ Link Active
\g Optical
s Link
Weather monitoring e eeaa h\
| H i User data
ooy H - Bidirectional GFL 140 Gbps
' -10 WDM Ch
E ' -10 Gbps/Ch
— :
TeGe '
:
Site Diversity H
Control Center H <L ,L
:
H s
Optical Feeder Link ) ececcccccccccccccccccccccsanaaa
= /i
----------------------------------------- - & =
HydRON-TD#i Payload
Control Center
HydRON Operations
Center
HydRON Control Center
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HydRON Technology Demonstrators:

- = HydRON TD#1
Elements
- = HydRON TD#2

Elements

= Customer’s
Elements

Constellation
sat(s) in LEO

Bidirectional

-10 Gbps/Ch

HydrON-TD#2  hyd

HydRON sat(s) in GEO

WDM LEO Bidirectional
Constellation ~10 Gbps
Optical Terminal
Bidirectional
10
|, -10Gbps

WDM LEO ~10 Gbps

Constellation
sat(s) in LEO

Constellation
sat(s) in LEO

B

Optical Terminal

~10 Gbps.
WDM LEO /
Constellation

Constellation
RX/TX D:

—

i RX
Electroni / = 05
Constellation
Electronics| GO S oo
& Interface
Electronics

Bidirectional

-10 Gbps/Ch

Bidirectional

~10 Gbps [ ]

Constellation
sat(s) in LEO

?

Customer’s Payload by Operator

Optical Ground Station
(fixed / transportable)

)

AN
845349

HydRON Control
Center

Optical Ground Station
(fixed / transportable)

Terrestrial
Network

ESA UNCLASSIFIED - For Official Use

—_— 01 b

i

- g

= == OB 11

— = B ZR i

I+l

\\\\\\\k
@

CSd

26Jun / 1Jul 2020  Slide 22

European Space Agency



Agenda hgd ol \Q\k cSa

>
>
>
» Status of the HydRON Project Preparations
>
>
>
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HydRON Project Status hgd

» ESA initiated project work is well under way:

v

v
v
v

Overall System Architecture work in defining Mission Requirements
Phase A work with 2 consortia progressing
Bi-lateral discussions with primes, satellite operators and terrestrial operators

Bi-lateral discussions with National Delegations and Industry to define their roles.

» HydRON User Group (HUG) exchange is fundamental in the preparation of the
User Requirements, the Use Cases and the Demo Testing requirements.

Participants are Satellite Operators, Satellite and Payload Primes, Terrestrial Network
Operators and Service Providers, and ESA Experts.
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HydRON Project Plan: Schedule hl_.]d &\\ eSa

Timeline
[

HydRON-TD#1 Mission Implementation |} IOT

® | @ ® |
CMIN19 CMIN22
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HydRON Project Plan: Initiated Activities hgd = \X\

CSd

Title Contractor Start End date
date N\

HydRON Mission Phase A 2x contracts led by ADS Dec 19 Q4-20-
Study (Germany) and TAS (ltaly) Q1-21
HyDRON Network 2x contracts with Fokus Sep 19 Q3-20
Deployment Technology (Germany) and Bristol

Roadmap University (UK)

HydRON Mission N/A, (internal) ESA Jul 18 Q4-20
assessment working group
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HydRON Project Plan: Activities under preparation

Wk

hydon {=esa

Title Contractor Start End date
date

HydRON Mission Phase B1,
Demonstration System Phase A/B1 and
Technology Demonstrator(s) Phase
A/B1l Study

HydRON Demonstration System
Phase B2 Study

HydRON Technology Demonstrators #i
Phase B2 Study

Critical technology developments (e.g.,
HydRON Simulator Testbed)

HydRON Demonstration System and
Technology Demonstrators #i
assessment

TBD

TBD

TBD

N/A, (internal)
ESA working

group

Q1-21

Q4-21
Q4-21
Q1-21

Q2-21
Q4-20

Q4-21

Q2-22
Q4-22
Q1-23
Q1-23

Q1-21



HydRON Project Plan: Overall schedule
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HydRON Project Plan: Activities under preparation

>> ESA & Sys activities

hyd

?

{cesa

2019
i [t[m[a[m[siTe]s o]n]s

2020
i[i[m[alm[s[iTe]s o]n]s

2021
[t ]m[alm[i[iTalsTo n]e

2022
[t m[alm[iTials]o]n]s

2023 1
i [t[m[alm[i[iJasTon]d]

ESA Internal assessment

pre-development HydRON Simulator Testbed

pre-development Optical technologies for next generation high throughput optical inter-satellite links

T T T
1 1 I
1 1 1 1 1
Phase 0 HydRON-M L 1 | 1 1 1
[} | I | 1
Phaseo HydroN.0s . ' — ' !
I I 1 ] I
’ I I 1 I I
Phase0 HydRON-TD#i H H H H L
1 1 1 1 1
1 1 M-MDR DS-MDR | ] ]
I I TD#i-M#i-MDR | I I
I I I I I
System developments i 0/ V0
1 1 1
Phase A study HydRON-M ] [ ] 1 1
1 1 I
Phase B1 study HydRON-M, HydRON-DS, HydRON-TD#i : [ ] : :
1
Phase B2 study HydRON-DS : [ H ] :
1
Phase B2 stydy HydRON-TD#i ]
|
I
I
1

(ESA Internal) HydRON feasibility assessment

(planned) HydRON-DS Phase B2 activity (single contract)
(planned) HydRON-TD#i Phase B2 activities
(p! d) HydRON pre-developments
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(running) HydRON-M Phase A activity (parallel contracts with ADS (Germany) and TAS (Italy))
(planned) HydRON-M Phase B1, HydRON-DS Phase A/B1 and HydRON-TD#i Phase A/B1 activities (optional parallel contracts)

I
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TRL of HydRON-TD#i elements - Space hyd on {-esa

/

/’

Space Qualified In / . .
Current TRL Potential Suppliers
Availability in (Year) 'l Suppil
100Gbps WDM GEO Laser
P _ 4 2022 TESAT (D), ADS (F), TAS-CH (CH), TNO (NL)
Comm. Terminal
WDM Laser Comm. 100Gbps WDM LEO Laser
. P _ 4 2022 TESAT (D), Mynaric (D), Hensoldt-ZEISS (D), ADS (F), TAS-CH (CH), TNO (NL)
Terminal Comm. Terminal
~10Gbps WDM LEO compact 45 2021 TESAT (D), Mynaric (D), Hensoldt-ZEISS (D), ADS (F), TAS-CH (CH), Space
Laser Comm. Terminal Inventor (DK), TNO (NL), mBryonics (IRL), Honeywell (CND)
i . . 2 (1064nm) .
igh-Power Optical Amplifier 2 (1550nm) 2022 IPG (US), Fibertek (US), MPB (CND), CILAS (F), Keopsys (F), G&H (UK)
Optical Amplifier
L . . 4 (1064nm) .
ow-Power Optical Amplifier 6 (1550nm) 2021 IPG (US), Fibertek (US), MPB (CND), CILAS (F), Keopsys (F), G&H (UK)
Space i i i i
p Optical Multiplexing / De-multiplexing 2 (1064nm) 2021 Sodern (F), Kylia (F), G&H (UK),.BerllnerGIas (D), Jen?ptlk (P), Optics Balzers
Segment 3 (1550nm) (D), IMEC (B), OFS Fitel (D), VTT (FIN), SwissOptic (CH)
Optical Switch Matrix 4 2022 Sodern / Polatis (F/UK), Sercalo (CH)
TX/RX Optoelectronics 4 2021 Kylia (F), iXBlue (F), flnlsar (US), LITEF (D), Eagleyard (D), -Innolume (D), U2T
(D), TESAT (D), BerlinerGlas (D), FBH (D), IMEC (B), aXenic (UK), G&H (UK)
TX/RX Data Electronics A 5022 AIT (A), MDA (CND), ADS (D), TESAT (D), TAS (F), ADS (F), LEO Space Photonics
(GR), TAS (1), RUAG (CH), ADS (UK), SSTL (UK)
Interface Electronics 3 5022 Antwerp Space (B), MDA (CND.), ADS (D), TESAT (D), TAS (F), ADS (F), TAS (1),
SatixFy (UK), ADS (UK)
Optical Wideband Repeater 4/6 2022 TAS (F), ADS (F), DAS Photonics (E), TAS (I), ADS (UK)
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TRL of HYdRON-TD#1 elements

- Ground

Z
=
"7

hyd

Space Qualified In
Current TRL P . Qu I ! / Potential Suppliers
Availability in (Year)
WDM Optical Feeder Station & equipment Medium 2022 Synopta (CH), Mynaric (Ii/l),irDaI;:'\;iID(::,)Tllzlsi_l(_l\:ll\_l)(,)))(enlcs (B), Reuniwatt (F),
WDM compact Optical Feeder Station & equipment Low 2022 Synopta (CH), Mynaric (P)' DLR (D)'.TNO (NL), Honeywell (CND), Xenics (B),
Ground Reuniwatt (F), Miratlas (F), KSAT (NO)
Segment
HydRON Network Control Center Low 2023 ADS (D), DLR (D), ADS (F), TAS (F), TAS (1), Telespazio (I)
Terrestrial fibre network & equipment Medium 2022 Ciena (CND)’Cl)Arz\r::e(l()F); ?\Ie;::acz:e) Tglpeek:?b(rlz),(l\)/o\;:l;(:::()en(eD()b'I;;Iefon|ca (E),
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HydRON critical technology developments
1. System developments

2. Payload developments

HydRON Simulator Testbed

Optical technologies for next generation high
throughput optical inter-satellite links

WDM Laser Sources at 1064nm .
High-Power Optical Multiplexer at 1064nm
High-Power Optical Multiplexer at 1550nm
WDM GEO Laser Communication Terminal
WDM High-Power Optical Amplifier at 1064nm

WDM High-Power Optical Amplifier at 1550nm .
WDM LEO Laser Communication Terminal

GEO Optical Switch Matrix 25x25 .
Space assessment of high-data rate Data Electronics

for GEO environment .

Broadband low-mass & low-consumption Demodulator

ESA UNCLASSIFIED - For Official Use

—_— 01 b
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=
Space assessment of high-data rate Data

Electronics for LEO environment

WDM LEO compact Laser Communication
Terminal

LEO Optical Switch Matrix 25x25

Broadband low-mass & low-consumption
Modulator

3. Ground developments

reliable GEO Optical Feeder Link
demonstration

reliable LEO Optical Feeder Link
demonstration

Aircraft detection system for Optical
Ground Stations

Turbulence monitoring equipment
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HydRON critical technology developments hgd

@
7
o

Pre-development | Applicable | Applicable Current | Budget | ITTissue Duration

Activity Description Start date
type to TD#1 to TD#2 TRL | (MEuro) date (months)

Development of a testbed of an end-to-end HydRON simulator to
assess theimpact of different physical topologies and protocol stacks,
to estimate quality of service parameters (e.g., SNR, BER, |atency,
throughput) for different type of user traffic (e.g., data rate, analog /
System X X digital, modulation types, coding formats), to analyse impact of 2 5 Aug/20 Jan/21 24
different type of on-board switching / routing (all optical transparent,
electrical regenerative), to evaluate behaviour of different external /
internal interfaces, and to investigate strategies for optimal network
management and control (including integration to aterrestrial OTN)

HydRON Simulator
Testbed

Assessment of the system and sub-system performance requirements
for the next generation of optical inter-satellite links (GEO-LEO, GEO-
System X X GEO, LEO-LEO, GEO-ground) and to establish a development roadmap 2-5 0,5 Aug/20 Jan/21 6
of thecritical enabling technologies for future high throughput
optical satellite systems

Optical technologies for
next generation high
throughput optical inter
satellite links

Development of low noise and small footprint semiconductor laser
. 4 iblewi .

WDM Laser Sources at payload X X dlode.s at 1064nm compatib ewgth WDM operation .and the s 1 0ct/20 Mar/21 18

1064nm associated low-power consumption driving electronics and small

footprint passive WDM components.

Development of an optical multiplexer capable of high-power

handling at 1064nm wavelength. Two versions are to be developped
Payload X X to address operation under space and ground environmental 2 0,75 Oct/20 Mar/21 18
conditions.

High-Power Optical
Multiplexer at 1064nm

Drivers: high-power handling, insertion loss, crosstalk.

Development of an optical multiplexer capable of high-power

handling at 1550nm wavelength. Two versions are to be developped
Payload X X to address operation under space and ground environmental 3 0,5 Oct/20 Mar/21 18
conditions.

High-Power Optical
Multiplexer at 1550nm

Drivers: high-power handling, insertion loss, crosstalk.
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HydRON critical technology developments

ESA U

—_— 01 b

hyd

?

Activity

Pre-development
type

Applicable
to TD#1

Applicable
to TD#2

Description

Current
TRL

Budget
(MEuro)

ITT issue
date

Start date

Duration
(months)

WDM High-Power
Optical Amplifier at
1064nm

Payload

Development of a high-power optical amplifier operating at 1064nm
wavelength, compatible with WDM operation. Two versions are to be
developped to address operation under space and ground
environmental conditions.

Drivers: wall-plug efficiency, simultaneous high-power and WDM
operation.

Strategic component not available in ESA’s Member Statesnorin
Cooperating/Associated States.

Mar/21

24

WDM High-Power
Optical Amplifier at
1550nm

Payload

Development of a high-power optical amplifier operating at 1550nm
wavelength, compatible with WDM operation. Two versions are to be
developped to address operation under space and ground
environmental conditions.

Drivers: wall-plug efficiency, simultaneous high-power and WDM
operation.

Strategic component not available in ESA’s Member Statesnor in
Cooperating/Associated States.

Mar/21

24

WDM LEO Laser
Communication
Terminal

Payload

Development of a small and flexible Laser Communication Terminal
for LEO satellites (LEO to GEO OISLs), compatible with WDM operation
at dual wavelength bands (1064nm & 1550nm), including the
acquisition, tracking and communication optical paths.

Drivers: mass, volume, power consumption, reliability, costs, delivery
time.

Jan/21

Jun/f21

18

GEO Optical Switch
Matrix 25x25

Payload

Development of a reconfigurable optical switch matrix (optical cross-
connect or an optical add and drop multiplexer) and its associated
driving & control electronics compatible with GEO environment. The
optical switch matrix can operate at 1550nm wavelength range only,
but the design must be such that adaptations for operation at 1064nm
wavelength range have minimum technical and cost impacts.

Drivers: mass, volume, power consumption, insertion loss, crosstalk,
reliability.

~

Jan/21

Junj21

18
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HydRON critical technology developments

hyd

\\\k

—

/.c

(tesa
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Activity Pre-development | Applicable | Applicable Description Current | Budget | ITTissue Start date Duration
type to TD#1 to TD#2 TRL (MEuro) date (months)
Space assessment of high- Evaluation of commercially available digital regenerative (receiver and
data r.jate Data Payload M transmitter) data ele.ctron‘lcs for high fiate rate appllca?lons s 2 Jan/21 Jun/21 18
Electronics for GEO (>100Gbps) compatible with GEO environment operation.
environment Drivers: mass, volume, power consumption, reliability.
Development of a broadband low-mass and low-power consumption
Broadband low-mass & IF dezf:dullat:EB;ué:gem?ns are tc: bed:\.l:alloppc:.to ad:ir& o
low-consumption Payload x M ope_r ionin : environmen con. itions. Thisunitispart o 3 2 Jan/21 Jun/21 18
Demodulator theinterface electronics to the Customer's payload.
Drivers: high bandwidth (>5GHz), mass, volume, power consumption,
(in addition costs and delivery time for the LEO version)
Space assessment of high- Evaluation of commercially available digital regenerative (receiver and
data ra.te Data Payload M transmitter) data elevctron.lcs for hlgh.date rate appl:ca}mns 4 15 21 Oct/21 18
Electronics for LEO (>100Gbps) compatible with LEO environment operation.
environment Drivers: costs, mass, volume, power consumption, delivery time.
Development of a compact and low-cost Laser Communication
WDM LEO compact . Termm:lbflor LE:;: s‘:lt;l’;ta (L:? to L:E(z, L!IEO to g'roun: E)ISI:),(IO“
Communication Payload x compat! evf' ) oper: u?n.a. ua wafte ength bands . nm 4-5 3 May/21 Oct/21 18
Terminal & 1550nm), including the acquisition, tracking and communication
optical paths.
Drivers: costs, mass, volume, power consumption, delivery time
Development of a reconfigurable optical switch matrix (optical cross-
connect or an optical add and drop multiplexer) and its associated
driving & control electronics compatible with LEO environment. The
LEO Opt.lcal Switch Payload M optical swut.ch matrix can operate at 155(:Jnm wavelengt.h rangeonly, 4 5 /21 Oct/21 18
Matrix 25x25 but the design must be such that adaptations for operation at 1064nm
wavelength range have minimum technical and cost impacts.
Drivers: costs, mass, volume, power consumption, insertion loss,
crosstalk, delivery time.
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HydRON critical technology developments hgd
?
Pre-development | Applicable | Applicable Current | Budget | ITTissue Duration

Description Start date
type to TD#1 to TD#2 TRL | (MEuro) date (months)

Activity

Development of a broadband low-mass and low-power consumption
lator. i |
Broadband low-mass & IF mod‘u at‘or Two verslonf areto bedevel ‘o‘pped to ‘addr.es‘s
operation in LEO / GEO environment conditions. Thisunit is part of

low-consumption Payload X X 3 1 1 Oct/21 18
v d theinterface electronics to the Customer's payload. e /

aclistox Drivers: high bandwidth (>5GHz), mass, volume, power consumption,
(in addition costs and delivery time for the LEO version)
Development of reliable turbulence mitigation techniques (software-
reliable GEO Optical based and hardware-based) for a bidirectional GEO optical feeder link
Feeder Link Optical feeder link X and execution of a long-term test campaign to determine the NA 2,5 Oct/20 Mar/21 24
demonstration achievable link availability of a GEO optical feeder link limited by

turbulence effects.

Development of reliable turbulence mitigation techniques (software-
reliable LEO Optical bs;jed and:ardufrarle-bxted) fotre:t bid |rect'|ontal I;E: optilcaltf:eder link
Feeder Link Optical feeder link X an .execu |<.>n ota .ong.-. erm camp.algn ° t‘erml‘ne. € NA 2,5 Oct/20 Mar/21 24
demonstration achievable link availability of a LEO optical feeder link limited by
turbulence effects (taking into account changes of the turbulence

strength and the isoplanatic angle at different elevation angles).

Development of a passive optical system (only camera sensor based, no
Aircraft detection system a?tl:te Ias«;r:qu to Itaser/safetyalfs;su(es)tto |::!e:':t|fy the‘ praencle c;f N
for Optical Ground Optical feeder link X X afr? ?ns © |co!: ers jalrcratts .po entially carrying peope: fnthe NA 0,5 Oct/20 Mar/21 18
Stations vicinity of an Optical Ground Station. The system has to continuously
monitor (24h per day, 365days per year) during daytime and

nighttime conditionsin clear sky conditions (i.e., no clouds)

Development of aturbulence monitoring equipment to demonstrate
Optical feeder link X X an accurate turbulence measurement concept that can be used during NA 0,5 Jan/21 Jun/21 18
daytime and nighttime conditions.

Turbulence monitoring
equipment
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HydRON critical technology developments vs

HydRON-TD#1 elements

\

\\k\\\\‘

on {=esa

HydRON critical logy d
Optici.ll » . _ _ Space assessment Space i
Hydron | tehnologiesfor | e HighPower | - HighPower |\ ) oo lacer | WOMHigh- | WOMHigh- |\ o tacer | GEOOptical | of high-datarate | 2029020 10W- | pioh datarate|  WOMLEO LEo Optical | Pro2dband low- Alrcraft Turbulence
. next generation Optical Optical o Power Optical | Power Optical o ) . . mass & low- . compact Laser . X mass& low- | reliable GEO OFL | reliable LEO OFL |detection system L
Simulator test- Sourcesat Communication Communication | Switch Matrix | DataElectronics Data Electronics Switch Matrix monitoring
bench high throughput 1064nm Multiplexerat | Multiplexerat Terminal Amplifier at Amplifier at Terminal 25x25 for GEO consumption for LEO Communication 25x25 consumption | demonstration | demonstration for Optical Jinment
optical inter- 1064nm 1550nm 1064nm 1550nm environment Demodulator environment Terminal Modulator Ground Stations equip
satellitelinks
100Gbps WDM GEO / /
Laser Comm. Terminal
Optical Amplifier / / /
Optical Multiplexing / / / /
De-multiplexing
Optical Switch Matrix /
TX/RX Optoelectronics / /
HydRON TX/RX Data Electronics / /
TD#1-
Elements
Interface Electronics
Optical Wideband /
Repeater
WDM Optical Feeder / / J /
Station & equipment
HydRON Network /
Control Center
GEO Satellite platform
Terrestrial fibre network /
& equipment
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HydRON critical technology developments vs

HydRON-TD#2 elements

?

\&

\

(s,

CSd

HydRON critical technnology developments

HydRON
Simulator test-
bench

Optical
technologies for
next generation
high throughput

optical inter-
satellite links

WDM Laser
Sources at
1064nm

High-Power
Optical
Multiplexer at
1064nm

High-Power
Optical
Multiplexer at
1550nm

WDM GEO Laser
Communication
Terminal

WDM High-
Power Optical
Amplifier at
1064nm

WDM High-
Power Optical
Amplifier at
1550nm

WDM LEO Laser
Communication
Terminal

GEO Optical
Switch Matrix
25x25

Space
of high-datarate
Data Electronics
for GEO
environment

Space

4

Broadband low-
mass & low-
consumption
Demodulator

of high-datarate
Data Electronics
for LEO
environment

WDMLEO
compact Laser
Communication

Terminal

LEO Optical
Switch Matrix
25x25

Broadband low-

mass & low-
consumption
Modulator

reliable GEO OFL
demonstration

reliable LEO OFL
demonstration

Aircraft
) Turbulence
detection system o
) monitoring
for Optical equipment
Ground Stations

HydRON
TD#2 -
Elements

100Gbps WOMLEO
Laser Comm. Terminal

v

v

~10Gbps WDMLEQ
compact Laser Comm.
Terminal

Optical Amplifier

Optical Multiplexing /
De-multiplexing

AN NI

Optical Switch Matrix

TX/RX Optoelectronics

<

TX/RX Data Electronics

AN

AN

Interface Electronics

Transportable WDM
Optical Feeder Station &
equipment

LEO Satellite platform
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HydRON: Activities under preparation

>> Critical developments

hyd

\\ \\\k\\\

2019
T ilmlalel  TiTalslelnla

2020
Tilmlalel i TiTalslelnla

2021
iLeImlalml T iTalsTolnT4d

2022
T dmlalml TiTalsTelnla

2023 ||
il ‘lm|=|m|1-|1|=|SI°]"ld]|

rF’ayload developments

g

(ESAlnternal) HydRON feasibility assessment

(running) HydRON-M Phase Aactivity (parallel contracts with ADS (Germany) and TAS (Italy))

(planned) HydRON-M Phase B1, HydRON-DS Phase A/B1 and HydRON-TD#i Phase A/B1 activities (optional paraliel contracts)
(planned) HydRON-DS Phase B2 activity (single contract)

(planned) HydRON-TD#iPhase B2 activities

(planned) HydRON pre-developments

ESA UNCLASSIFIED - For Official Use
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pre-development WDM Laser Sources at 1064nm : : : L ! | I
pre-development High-Power Optical Multiplexer at 1064nm I I I | 1 | I
pre-development High-Power Optical Multiplexer at 1550nm I I I 1 i | I
pre-development WDM GEO Laser Communication Terminal I I I | ! | I
pre-development WDM High-Power Optical Amplifier at 1064nm : : : L ! ! ]
pre-development WDM High-Power Optical Amplifier at 1550nm I I I L ; ;_I
pre-development WDM LEO Laser Communication Terminal I I I [ ! 1 I
pre-development GEO Optical Switch Matrix 25x25 I I I [ 1 | I
pi Space of high-data rate Data Electronics'or!SEO environment I I I i 1 I
p k & low-consumption Demodulator I I | : | I
pi Space of high-data rate Data Electronics for LEO environment : : | ! ! |
pre-development WDM LEO compact Laser Communication Terminal I I I | ; ; |
pre-development  LEO Optical Switch Matrix 25x25 | | | | ! ! |
pre-development __Broadband low-mass & low-consumption Modulator 1 1 1 1 1 1 1

| | | | |

1 1 1

[rmma— : | ==

pre-development reliable GEO Optical Feeder Link demonstration I I I | ! l_l
pre-development reliable LEO Optical Feeder Link demonstration I I I ] | | | | |
pi Aircraft ion system for Optical Ground Stations I I I | i | I
pre-development Turbulence monitoring equipment I I I | : 1 I

i I i i I

C:
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» Conclusions, Discussions / Q&A Session
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v
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Feeder up—-link technology

Upcoming Market
Satelllte Operators

oF
*r1
S
a1l In-Orbit Demc 0N
~
0
“O

Why HydRON? v 4
How my industry will ~l

benefit?

What do | gain by v
Investing? J

Tell@ut rial OpClat rs
New SatCom ALEllFatl)nu

Cooperation

1bre 1n the Sk
New—-Comer ;— \/dRQ/-\J

nd-to-End Demo
nd. Capac1ty Buil

+—||:1'_|'q

|
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O
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HydRON is the first programme on

b ),i.
© =
0 ()

optical communications to combine
all aspects of

« 3D Network architecture cucereresia
« pre-operational demonstration

« Industrial capacity building

to provide a competitive advantage for Europe
and Canada.

N
o

=
i
(D]

)

Network TZ‘T)

EU&CA Show Case

{
)
0

Competitive Advantage

Thadustri

Q,
O

Early User Involvemen
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Unique opportunities for D) » Participation in HydRON is
your industry to prepare | essential to:
for an upcoming market. -, m v' have as many industrial

Only limited investments stakeholders join the “club”.

by Operators on the horizon. b | . start time critical developments

INiti i ' ible.
ESA initiated project will allow IR0 DOSSIDE

for multiple implementations to allow early selection on flight

opportunities and join forces
with “interested parties”.

_ _ - » ESA can offer targeted
HydRON is about your industry : support to your company in
- new pre-developments can be "= close coordination with your
organized to better suit your ST ESA delegation.

needs. S

maximize industrial
participation.
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Conclusions hl_.]d Ol
?
HydRON offers opportunities for your Industry

HydRON great potential as integrated space/ground network infrastructure is of

interest for both individual investors and institutional market

HydRON technical & programmatic challenges require a guick start

QA
124
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Contacts

Harald Hauschildt
SPL Manager

harald.Hauschildt
@esa.int

M. Politano J. Perdigues S. Mezzasoma
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» Annexes:
v Annex | - Overview of the Member States Industrial Capability
v Annex Il - Industry Day: Industrial Input Template
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Annex |

Overview of the Member States Industrial Capability
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Overview MS Industrial Capabilities hgd

Elements of HydRON-TD#1
(space and ground segments)

Czech

i i i i . . ) United .
HydRON-TD#1 Austria Belgium Republic Denmark Estonia Finland France Germany Greece Hungary Ireland Italy Luxemburg |Netherlands| Norway Poland Portugal Romania Spain Sweden | Switzerland Kingdom Slovenia Canada
Elements | 1| I I _— | I I I I | | L] - I I — m S - I I
— I I h am | = + — — — A | E & — mm ml&! [ *

100Gbps WDM GEO
Laser Comm. Terminal

Optical Amplifier
Optical Multiplexing / / / /
De-multiplexing

Optical Switch Matrix

AN |

v v

<
<
<

TX/RX Optoelectronics
TX/RX Data /
Electronics

Interface Electronics / TBC

Optical Wideband

NN
AN
ANAN
AN

TBC

Repeater
WDM Optical Feeder /
Station & equipment
HydRON Network / T8C
Control Center
GEO Satellite platform

Terrestrial fibre / /
network & equipment

ANANAN
ANRNANANANANANERAN] +
ANANANAENANANANANANANAN

TBC

A\AXANANANANANANANANANAN
ANANANANANANANANERANANANE
A\ANANAN
AN

AN

AN

AN

AN
ANANANANANERANANERAN

WX

ANANANANANANANANERANAN
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Overview MS Industrial Capabilities hl_-]d \\&\\i—esa

Elements of HYydRON-TD#2
(space and ground segments)

Czech United
Austria Belgium Denmar k Estonia Finland France G Greece H Ireland Ital Luxemburg [Netherlands| Norwa Poland Portugal Romania Spain Sweden | Switzerland Slovenia
HydRON-TD#2 8 Republic Y Eary v 8 v 8 P Kingdom
Elements — 1] B I I I H=] — I I I I — — ] I I = i N2 -
—-— I I h . ] — — — 1] ] & — . N -]

100Gbps WDM LEO Laser
Comm. Terminal

~10Gbps WDM LEO compact \/
Laser Comm. Terminal

Optical Amplifier

ANEEAN

Optical Multiplexing / De-
multiplexing

Optical Switch Matrix

TX/RX Optoelectronics

TX/RX Data Electronics /

ANRNANANENANANANAN+

AN
A\EEANANERAN

<
<
ANANANANANANANANAN
NANANANANERENANANAN
2NN
<
2NN
SNANANANANANANANAN
A NANANANANERANANANAN

NN NS

Interface Electronics TBC TBC /
" macopn | ¥ v v I vV v vV IV v v
LEO Satellite platform / /
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MS Industrial Capabilities ﬂﬁ%
:

Finland /\
@

Norway
/" Industry (group)
® M Aerospace & Aerospace / Defense
’ 4 B Cloud cover forecasting
A\,\ Components, Components / Electronics, RF & electronics and 3 more
® i‘i M Optical Components, Optical Systems, Optical Terrestrial Network Provider and 1 more
[ ] /\:}“ M Research and Technology Organisation, Research Institution, University
/ N~
Zn ® _ % [ SatCom, Satellite Operator, Small sats
® 4 .0 A \ M Software .
S £ T il',i Polarg i Space Agency F
" oa Germany- /
e ® ‘l?‘a.ermway/}.‘h /\ B Telecom & Telecom / Security
i o . NN
® ®; i ﬁ‘ J\.;>J
0: STe S (0 b N\
France ¢ v L J N
T3 ® )
° S‘:Q“Tfk-fl \ (98
taly
. e 01’ @0 - o
4—1._.; i \M\w Y @ 4 _)‘f\‘
F Szain o Y /
o i
}’ ®
L ) - ®
¢ s
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MS Industrial Capabilities hl_.]d on

Potential candidates might include the following Industrial Partners:

= Industry (group)
Belglum & M Aerospace & Aerospace / Defense
ol .7 M Cloud cover forecasting
Components, Components / Electronics, RF & electronics and 3 more
M Optical Components, Optical Systems, Optical Terrestrial Network Provider and 1 more
Research and Technology Organisation, Research Institution, University
[ SatCom, Satellite Operator, Small sats
Antwerp Space o :zz.z:m
(phOtOﬂiCS) M Telecom & Telecom / Security
Aerospace Lab
® ®
Centre Spatial de Liege " Oudenaarde M{j“ye"
(CSL) ‘ Belgium
[ ]
IMEC Mont-Saint-Guibert
olP
QinetiQ
Xenics
. La
..but more candidates are welcome
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Annex Il

Industry Day: Industrial Input Template
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Industry input hl_.]d ol @ CcSa

As perspectlve industrial partners you can express here your interest towards:

J—___ o e “Jl:: e

« specific technologies

i

[

- specific element of the HYydRON-TD#1 and #2

So please cross your areas of competence/interest and describe your heritage.

] W::![ﬁ’ﬂ:;:i{’f;i

HydRON might be the right framework to exploit your capabilities
and further develop

the ESA HydRON Team is ready to support you and further iterate.
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Industry interest: Critical technology developments hgd

HydRON critical technnology developments

Optical_
terf:(l::lzlé))?tles Space Space Aircraft
. . " WDM High- | WDM High- : assessment| Broadband |assessment| WDM LEO . Broadband . " -
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Industry interest: HYydRON-TD’s elements
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HydRON key Elements: Space, HydRON-TD#1
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HydRON key Elements: Space, HydRON-TD#?2
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Contacts

Harald Hauschildt
SPL Manager

harald.Hauschildt
@esa.int

M. Politano J. Perdigues S. Mezzasoma
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