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Voorkom Schade 
en Storing.
Netwerken van Vandaag en Morgen 
Beveiligd vanuit de Ruimte

11 September 2025

Ground-level safety, sky-level precision. 1
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• Vitale infrastructuur wordt steeds kritieker.

• Sterke groei in vitale infrastructuur.

• Vanuit Orbital Eye focus op de meest kritieke leidingen 
en kabels – de ruggengraat van het netwerk 

• Binnen Telecom, al hoge mate van redundancy in het 
netwerk gebouwd

Introductie.

Ground-level safety, sky-level precision.

Infosheet Dreigingslandschap Vitale Infrastructuur - NCTV
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Onze focus – voorkomen van schades.

Ground-level safety, sky-level precision.

Infosheet Dreigingslandschap Vitale Infrastructuur - NCTV
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Waar zitten de risico’s en kosten.

Ground-level safety, sky-level precision.

• Alle trends gaan omhoog:

• Meer graafbewegingen

• Meer schades

• Meer kosten

• Meeste schades binnen telecom sector

• 57,6M€ direct kosten in 2024, maar ook hoge indirecte kosten:

Overzicht graafschades 2024 – Ministerie van Economische Zaken
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5 Ground-level safety, sky-level precision.

Verstedelijking

Energie 
transitie

Dichtheid 
netwerken

• Meerdere oorzaken voor steeds verdere stijging aan 
graafwerkzaamheden

Verdere stijging werkzaamheden.
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• Vanuit de pijpleidingindustrie wordt al 
decennia actief gemonitord:

• Hoge druk

• Gevaarlijke stoffen

• Monitoring toont reductie in schades en 
snelle ROI.

• Satellieten doen intrede:

• 30% - 80% reductie in kosten ten opzichte 
van traditionele helikopter

• 10x hogere monitoringsfrequentie ten 
opzichte van helikopter

6

Noodzaak voor 
monitoring.

Ground-level safety, sky-level precision.
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• Transitie van helikopter naar de satelliet: 

Traditioneel Nieuwe standaard

7

Intrede satelliet technologie.

Ground-level safety, sky-level precision.

VeldinspectiesHelikopter Satelliet
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• Aantal aardobservatiesatellieten stijgt sterk in de 
afgelopen tien jaar.

• Lanceerkosten dalen sterk

• ’New Space’ industrie

Ontwikkeling ruimtevaart.

8 Ground-level safety, sky-level precision.
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Sentinel-1 Sentinel-2 PlanetScope SkySat Pleiades PleiadesNeo Superview
Space-X Falcon 9 Earth Observation ride share, 26 Augustus 2025

Aantal aardobservatiesatellieten in een baan rond de aarde
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Integratie van satellieten.
• Radar – weersonafhankelijk

• Multi-spectraal – veranderingen in 
vegetatie

• Hoog-Resolutie Optisch – om in te 
zoomen

AI analyse.
• Automatische analyse en detectie van 

activiteiten

• Filteren van irrelevante activiteiten

• 90% – 95% true positives

• Optimalisatie per netwerk

Integratie in operaties.
• Web-app voor opvolging van 

activiteiten

• Filter op basis van KLIC

• Optische beelden voor analyse op 
kantoor of in het veld

Ground-level safety, sky-level precision.

Hoe werkt het.



LAYOUT

11 September 2025

MULTI-SPECTRAAL: Sentinel-2 toont 
veranderingen in vegetatie.

Optisch: alle componenten van de 
activiteit zijn zichtbaar

De combinatie van verschillende sensoren maakt 
data het systeem werkt:

RADAR: In de radar beelden van 
Sentinel-1  menselijke activiteit is 
zichtbaar.

Combineren van satellieten.

10 Ground-level safety, sky-level precision.
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Hoe het samen komt.

Ground-level safety, sky-level precision.
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• Beheer de stijging van  
werkzaamheden en schades

• De hoge frequentie van satelliet 
monitoring kan deze stijging aan

• Pijpleidingindustrie toont aan dat 
schades zijn te voorkomen door 
monitoring

• Duurzame en efficiënte oplossing

• 96 - 99% reductie in emissies ten 
opzichte van helikopters

• Tot 80% efficiëntere besteding 
van tijd voor veldinspecties.

• Waarde van monitoring ontstijgt 
inmiddels alleen het naleven van 
regelgeving:

• Elektriciteit en water 
netbeheerders volgen inmiddels 
de pijpleiding TSO’s puur vanuit 
de gerealiseerde waarde.

Ground-level safety, sky-level precision.

Voorbereid vandaag en op de toekomst.
• Satellietgestuurde AI-monitoring voor betrouwbare, veilige, en duurzame infrastructuurbescherming.
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More information +31 (0)15 215 2992 | info@orbitaleye.com | orbitaleye.com
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BEYOND CONNECTIVITY: DE TOEKOMST VERBONDEN
TRENDS IN NETWERKEN EN SERVICES



NLCONNECT-22501-Beyond Connectivity: de toekomst verbonden 2

BEYOND 
CONNECTIVITY

TRENDS IN 
NETWERKEN EN 
SERVICES



Revenue TMT sector
Consumer versus Business

NLCONNECT-22501-Beyond Connectivity 3



Revenue in TMT sector (Consumer + Business) 
including Others (iot, handset, IT, cloud, etc) + OTT

NLCONNECT-22501-Beyond Connectivity 4
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NETWORKS
7NLCONNECT-22501-Beyond Connectivity7



Glasvezel groeit (...nog steeds logisch)

NLCONNECT-22501-Beyond Connectivity 8

                    
  

  

   

   

   

   

   

   

   

   

     

     

     

     

     

     

     

     

     
     

     

     
          

     

    
    

              

                    
 

     

     

     

     

     

     

     

     

                         

                         

                         

                         

                     

                    

    

   

 

  

   

   

      

   

      

   

   

   

      
   

   
   

  

  

  
  

                                 

     

   

   

                                                                                                                   



Er is druk gegraven, moeilijkste komt nog

NLCONNECT-22501-Beyond Connectivity 9
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Snelle netwerken, maar wie wil het hebben? 

NLCONNECT-22501-Beyond Connectivity 11



Andere netwerken, zeker niet vergeten!

NLCONNECT-22501-Beyond Connectivity 12



FWA – New kid on the block
Est. 80K Eo2025Q2 / 80% main connection

NLCONNECT-22501-Beyond Connectivity 13



NLCONNECT-22501-Beyond Connectivity

Consumers
14Telecom Insights 2023 – 7 juni 2023 14



Welke diensten zorgen voor de omzet?

NLCONNECT-22501-Beyond Connectivity 15



FMC nog steeds belangrijk?

NLCONNECT-22501-Beyond Connectivity 16

                    
  

  

   

   

   

   

    
    

     

     

     

     

     

     
     

    

     

     

     

     

    

     

     

    

     

    

     

        

    

    

    

     

          

     

    

     

              

                    
 

     

     

     

     

     

     

     

                         

                         

                         

                         

               

                         

                     

                    

    

   

 

  

   

   

   

   
   

         

      

    

    

  
  

  

  
    

  
  

  

  

  

    

                                

        

      

      

    

    

      

                                                                                                                           



Complex versus simple?

NLCONNECT-22501-Beyond Connectivity 17
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Waarom complex als het ook simpel kan?

NLCONNECT-22501-Beyond Connectivity 20
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Rethinking Market Segmentation
• From Product Categories to Evolving User Needs
• Why divide the market into Mobile, Fixed, and Business?
• Focus on end-user needs—different generations have different expectations
• The market is rapidly evolving

NLCONNECT-22501-Beyond Connectivity 22



Kies het juiste segment – keuze van 50+ mobiel is geniaal

NLCONNECT-22501-Beyond Connectivity 23

Mobile ProvidersMarket



Waarom zou iemand Teens/Kids abonnement nemen van KPN?

NLCONNECT-22501-Beyond Connectivity 24



Te vaak op mobiele telefoon?
Ik zou eigenlijk minder tijd op mijn telefoon willen zitten

NLCONNECT-22501-Beyond Connectivity 25
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Beloon trouwe klanten op een simpele manier. 

NLCONNECT-22501-Beyond Connectivity 28



Dealzoekers

NLCONNECT-22501-Beyond Connectivity 29

How long customer (Months)Broadband ProvidersMarket - Intention to switch

Broadband ProvidersMarket - How long Customer

              w                                  w                       ’                 f            -seeking segment. These 
customers switch frequently to benefit from introductory offers and show low brand loyalty.



Met welke nieuwe diensten kunnen 
de operators de omzet groeien? 

NLCONNECT-22501-Beyond Connectivity 30



Nieuwe (Wifi)-abonnementen Ziggo 
gaat natuurlijk niet over Wifi

NLCONNECT-22501-Beyond Connectivity 31

Broadband ProvidersMarket

Reason to choose for your broadband provider



Wees eerlijk, pro-actief en transparant

NLCONNECT-22501-Beyond Connectivity 32



Customer Choice Award 2025

NLCONNECT-22501-Beyond Connectivity 33

Betrouwbaarheid en prijs belangrijkste redenen voor keuze internet provider



Telefonie verdwijnt in rap tempo 

NLCONNECT-22501-Beyond Connectivity 34

Market How long customer (Months)

Household Age



Cord-cutting 

NLCONNECT-22501-Beyond Connectivity 35

Market How long customer (Months)

Household Age



Welk aanbod van zenders via apps op je SmartTV zou er moeten zijn voordat je 
jouw televisieabonnement opzegt voor je televisie in de woonkamer?

NLCONNECT-22501-Beyond Connectivity 36



eSIM – Next moneymaker? 

NLCONNECT-22501-Beyond Connectivity 37



Is de telecomoperator nog steeds in de lead?

NLCONNECT-22501-Beyond Connectivity 38
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Welke diensten bij volgende provider?

NLCONNECT-22501-Beyond Connectivity 40

Market - Next Services How long customer (Months)

Household Age



Forse bekendheid AI 
maar sterk leeftijd afhankelijk

NLCONNECT-22501-Beyond Connectivity 41

AgeGenderMarket - Which AI tools are you familiar 
with / Do you know?



ChatGPT is bekend (56%) en wordt gebruikt (65%) = 38% 
en ook vaak ook: 66% minimal wekelijks

NLCONNECT-22501-Beyond Connectivity 42



VRAGEN / Q&A
NLCONNECT-22501-Beyond Connectivity43





Horizonscan STT

11 september 2025, NLconnect

Emiel Rijshouwer
Toekomstonderzoeker



Stichting Toekomstbeeld der Techniek (STT)





→ “Er schuilt een nadeel in de snelheid en indringendheid van modern en toekomstige
communicatiemiddelen: zij veroorzaken reacties op minder belangrijke gebeurtenissen van 
het ogenblik, waardoor de aandacht voor grote ontwikkelingen verslapt” (STT 13, 1973, 
33).



Agenda

→ Toekomstverkenning algemeen

→ Horizonscan (Digitalisering)



Toekomstonderzoek

→ Aannames bevragen

→ Relevante contexten 

verkennen



Toekomstonderzoek

→ Cone of possibilities

→ Wat als …?



Scenario’s voor de 
installateur in de 
postindustriële stad

Welzijnseconomie

Energietransitie gedreven 
van de bottom-up

Energietransitie 
aangestuurd 

vanuit de overheid

Hyperkapitalisme

→ DESTEP



→ Gaat niet om het voorspellen van de toekomst, maar om op een 

systematische manier om te gaan met verandering, mogelijkheden 

en onzekerheden

→ En om deze te verbeelden en tastbaar en bespreekbaar te maken

→ Idealiter met relevante stakeholders

Toekomstverkennen



Horizonscanning heeft als doel om voortdurend en objectief huidige 

ontwikkelingen [zwakke (niet noodzakelijkerwijs beperkt tot 

technologische) signalen] en hun mogelijke implicaties voor de toekomst 

in een domein naar keuze te verkennen, monitoren en duiden.

 

(Miles and Saritas, 2012 in: Rowe et al. 2017, 224) 



Domeinen STT Horizon Scan 2055: Maatschappelijke uitdagingen en transities

→ Digitalisering (big data-analyse, kunstmatige intelligentie, 

blockchain, 3D printen, cloudstorage en -computing, IoT) 

→ Energietransitie

→ Gezondheid & Welzijn

→ Circulaire Samenleving



Beleid, ambities en ‘beloften’ (NL/EU)



(Sleutel)technologieën uit Kennis- en Innovatieagenda’s en Horizonscans



Sleuteltechnologieën m.b.t. Digitalisering (NL overheid; TNO)

→ Data science, analytics en dataspaces verzamelen, delen en analyseren data via 

standaarden en tech om inzichten te genereren en AI-modellen te trainen.

→ Software technologies & computing ontwikkelen methoden voor bruikbare, 

betrouwbare software met focus op cloud, blockchain, edge, grid, high-

performance en mobile computing en op nieuwe talen t.b.v. snelle innovatie.

→ Quantum technologies. Toepassingen van kwantummechanica waarmee 

quantumcomputers beschikken over reken- en analysekracht voor uitdagingen die 

nu door hun complexiteit nog ‘onoplosbaar’ zijn.

→ Neuromorphic technologies. Toepassingen van principes uit o.a. de biologie en 

hersenwetenschappen in hardware en software. 



Sleuteltechnologieën m.b.t. Digitalisering (NL overheid; TNO)

→ Cybersecurity technologies. Omgaan met risico's van schade of uitval van 

informatiesystemen; beschikbaarheid, betrouwbaarheid en vertrouwelijkheid van 

gegevens.

→ Digital Twins. Digitale modellen van echte fysieke producten, systemen, processen

en mensen die worden gebruikt voor simulaties, testen en voorspellingen.

→ Immersive Tech. Technologieën en hulpmiddelen om realistische immersieve

ervaringen en optimale interactie met kunstmatige, gesimuleerde omgevingen te

realiseren.



Sleuteltechnologieën m.b.t. Digitalisering (NL overheid; TNO)

→ Digital connectivity technologies (KIA 2023a, 37; Van Bree et al. 21). Digital 

connectivity technologies betreft de ontwikkeling van nieuwe generaties

draadloze en vaste netwerken die de grotere vraag naar capaciteit aankunnen, die 

robuust en flexibel zijn, en die efficiënt met energie en materialen omspringen. 

Veel van deze netwerken zullen programmeerbaar zijn om optimaal tegemoet te

kunnen komen aan de grote diversiteit aan eisen vanuit applicaties. Te denken valt

aan zeer grote bandbreedte voor netwerken in high performance computing, low 

latency netwerken voor autonoom rijden en industriële toepassingen, en zeer

sterke beveiliging voor financiële- en overheidssectoren.



Emergente technologieën m.b.t. Digitalisering o.b.v. Horizonscans

→ Digital humans en co-workers. Virtuele ‘kopieën’ van mensen en 

ondersteunende bots in werkomgevingen.

→ Quantumcommunicatie. Quantumcommunicatie is in potentie extreem 

veilig en kan bijdragen aan veilige dataverbindingen, bijvoorbeeld tussen 

satellieten.

→ Inter-satellietcommunicatie. Mix van Optische (laser) Inter-Satellite Links 

(OISL), softwaregestuurde flexibiliteit (SDG), AI-gedreven optimalisatie, 

veiligheid via quantum, hybride netwerken (RF, FSO) en multilayer-

constellaties (LEO, MEO, GEO en High-Altitude Platform Stations) t.b.v. 

razendsnelle, veilige en veerkrachtige ruimte-communicatie.





Online publieksconsultatie m.b.v. Polis 

→ ‘Stellingen’ voortkomend uit desk research t.b.v. bepaling ‘toekomstbeelden’



Polis

→ Consensus Statements: “Uitspraken die brede instemming krijgen van 

deelnemers over meerdere opiniegroepen heen; Brugstatements.”

→ Areas of uncertainty: Uitspraken waarbij veel deelnemers op “Overslaan” 

klikken, of waar de meningen verspreid/niet gepolariseerd zijn (uitleg of 

verdieping nodig)

→ Divisive statements: Uitspraken die duidelijk verdeeldheid zaaien tussen 

opiniegroepen. De ene groep is het er sterk mee eens, terwijl een andere 

groep het er juist sterk mee oneens is (debat nodig).





Werk-/duidingssessie



Vervolg

→ Verzameling input online onderzoeken

→ Analyse uitkomsten

→  Werksessie(s) + duiding

→ Publicatie



Vragen/Discussie

Emiel Rijshouwer; rijshouwer@stt.nl
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Fast forward to 
the 2030’s

Realizing the promise of 6G

Karin Raj, CTO Europe
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“We shall be able to communicate with one another 
instantly, irrespective of distance. 

Not only this, but through television and telephony 
we shall see and hear one another 

as perfectly as though we were face to face, 
despite intervening distances of thousands of miles; 

and the instruments through which we shall be able to do this 
will be amazingly simple compared with our present telephone. 

A man will be able to carry one in his vest pocket”.

– Nikola Tesla, 1926
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1G 2G 3G 4G 5G 6G
The analogue 
beginning

The roaming 
revolution

The Internet goes 
mobile

The rise of streaming 
services

Mobile broadband 
experience ⟺ Fiber ?Voice SMS and MMS         Smartphone the 

mainstream device
Video FWA

PWNs emerging

1980’s 1990’s 2000’s 2010’s 2019 – present 2030

The Past, Present, and the Future
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1 2 3
A day in the life of… in 2035 The building blocks that will 

deliver the promises of 6G
How to create value with 6G
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The disaggregation of the Smartphone refers to a trend
where the Smartphone is no longer the central, all-in-

one device for digital life, and its core functions – such as 
communication, photography, navigation, or content 

consumption – are being distributed (“disaggregated”) 
across multiple specialized devices or platforms.
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Handsfree, screenless interaction the new norm
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Electronic tattoo
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A day in the life of… in 2035
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Human 
World

Digital
World

Physical 
World

Merging of worlds – AI is the glue Spatial computing makes the world “clickable”

Interaction with the physical world through the digital world 
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The building blocks that will deliver 
the promises of 6G
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AI native framework
Cu

sto
m

er
Innovation

AI

Ecosystem

Infrastructure

Efficiency Sustainability Security

Intent-based
exposure

Consumability
Monetization

Autonomous
operations

Personalization

Self 
care

Conversational
agents

Scenario
planning

Deployment
testing

Sandbox
simulation
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Intelligent edge cloud Low-power devices and sensorsDevices and hubs

Very large LLM’s for 
complex and multi-

step reasoning

Medium-size LLMs 
for low-latency cost-
efficient reasoning

Small LLM’s for 
interactive and private 

inference

Very small Language 
models for real-time 
sensor processing

Massive power central AI DC

Powerful GPU clusters with 
Silicon Photonics interconnects

Power-efficient GPUs 
and AI Accelerator ASICs

Power-efficient device Neural 
Processing Units (NPUs)

Small form factor and 
ultra-efficient NPUs

AI capabilities diffuse into edge clouds and endpoints thanks to powerful small models and on-device AI accelerators
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MOORE bang for the bucks! 

GPU x2

30
months

NPU x2

15
months

Desktop GPUs

300 Watts
1x performance

Mobile GPUs

5 Watts
0,1x performance

NPUs

5 Watts
10x performance

NPU takeover
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Extended Broadband devices

Broadband IoT devices

A single stack for all 6G devices gives economies of scale

LPWA devices
Emergency services, non-RTC notifications, terrestrial / NT / indoor connectivity 

Asset tracking, Smart meters, 
Sensors, Actuators

Wearables, Traffic cameras, Connected 
cars, Video surveillance

Smartphones, XR glasses, Fixed wireless access

Video streaming, high-speed mobility, high-data rates 

Sensing, XR, extreme data rates

100 kbps       1 Mbps       10 Mbps       100 Mbps       1 Gbps

1

2

3



17 © 2025 Nokia

The house of 6G

New spectrum bands
into play 

• Unlock new spectrum bands
• Improve efficiency in existing bands

A single architecture 
with a modular design 

• A single architecture for smooth 
deployment 

• Modular radio protocols design 

A strengthened
foundation 

• Non-terrestrial networks to support for all 
device types

• Programmable networks and API native

AI and  
data driven

• End-to-end intelligent system  
and enablers

• AI native framework

Elevated 
sustainability

• Green 6G and energy efficiency by 
design

Enhanced
cyber-security 

• Security and privacy framework
• Quantum-safe networking to counter new 

network threats 

1 2 3

4 5 6
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How to create value with 6G
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Spot the difference?
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Innovators

Telco

Platform
Hyperscalers

Connectivity

Innovators

Platform

Hyperscalers

Telco
Connectivity
+ Platform

From To

Transportation EntertainmentGovernment HealthcareIndustry 5.0 Public safetyEducation Defense

Global technology investment across sectors to expand 9.2% from 3.7 trillion in 2023 to 5.8 trillion in 2028*

*Source: Gartner CSP revenue 1.5 TUSD ➔ 1.7 TUSD (CAGR 1-2%).
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Enterprise/Industry

50-60%
- 6G Private network bundles

- Extreme Network Slicing as a Service

- Network + Cloud + AI bundles

- Network sensing as a Service

- Security as a Service

- AI/ML model training

Consumer

20-25%
Ecosystem/B2B2X

20-25%

- Immersive media & metaverse

- Holographic / volumetric calls

- Personal AI companions

- Ecosystem / B2B2X platforms

- Partnership revenue sharing

- IoT and ambient computing APIs

Quality of Experience based pricing Dynamic/On-Demand pricing
Outcome based pricing

Device activation
API usage
Revenue share

Monetization strategies for 6G networks
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Workspace as a Service – Example 

Source: Orange Business Services
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1 2 3
A day in the life of X in 2035 The technology to deliver the 

promises 6G offers
How to create value with 6G
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“When wireless is perfectly applied
the whole earth will be converted into a huge brain, 

which in fact it is, 

all things being particles 
of a real and rhythmic whole”.

– Nikola Tesla, 1926

100 years of development and adaption
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ESA's Steps towards the Solar System Internet

Dr. Felix Flentge

11/09/2025

ESA ESOC
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Evolution of Networked Communication

The Opte Project - Originally from the English Wikipedia; description page is/was here.,
CC BY 2.5, https://commons.wikimedia.org/w/index.php?curid=1538544Space Communication Today

R. Gladden, E. Pereira, B. Sauer: Lessons Learned 
from the Mars Relay Network Considerations for Future 
Relay Networks, 2024 IEEE Aerospace Conference 

Solar System Internet



44

Agenda

• Solar System Internet & ESA
• ESA Vision
• Related ESA Activities

• Solar System Internet - Key Technologies
• Disruption Tolerant Networking (DTN)
• Communication
• Positioning, Navigation and Timing (PNT)

• ASSIGN - Advancing Solar System Internet and GrouNd
• Summary



5ESA UNCLASSIFIED – Releasable to the Public

• ESA Vision
• Related Activities

Solar System Internet & ESA
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ESA’s Solar System 
Internet Vision

Establish a European interoperable 
institutional and commercial infrastructure 

with an appropriate governance and 
operational concept for providing network-

based radio frequency and optical 
communication and navigation services to 
institutional and commercial missions in the 

solar system based on recognized 
international standards and in collaboration 

with international partners. 

ESA Strategy 2040:
• Identifies strategic actions for Solar System Internet
• Disruption Tolerant Networking as Key Technology

ESA Technology Vision 2040:
• Theme ‘Solar System Internet, Navigation and 

Communication Technologies’
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Solar System Internet – Extending the Internet into Space

• Paradigm shift for space communication:
from ‘operated’, point-to-point and ‘bent pipe’ space communication to a 
networked, automatic, ‘packet switched’ communication 
architecture

• A network-of-networks connecting space agency, governmental, 
academic and commercial networks

• Challenges
• Communication environment with large round-trip-delays, 

interruptions, dynamically changing topology and heterogeneous 
communication means and protocols

• Secure Interoperability based on common protocols
• Governance and Institutions
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IPNSIG – Solar System Internet Architecture and Governance Report
[REPORT] Solar System Internet Architecture and Governance.pdf - Google Drive 

Solar System Internet – A Global Vision

Interplanetary Chapter of the Internet Society

Solar System Internet – 
Key Principles:

• Collaboration
• Fair and Consistent 

Resource Allocation
• Transparency
• Interoperability
• Security

https://drive.google.com/file/d/1anMcVEqXjNtk5gdo_qce28SowusXKkfi/view
https://drive.google.com/file/d/1anMcVEqXjNtk5gdo_qce28SowusXKkfi/view
https://drive.google.com/file/d/1anMcVEqXjNtk5gdo_qce28SowusXKkfi/view
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ESTRACK, Mars Relay Network and 
Optical Nucleus Network

• ESA ESTRACK Core Network 
• Three 35m Deep Space Stations (a fourth under construction) and four smaller stations providing 

communication and tracking service to ESA and third-party missions across the Solar System
• Complemented by commercial tracking and communication services and inter-agency cross-support

• Mars Relay Network
• European Relay Coordination Centre (ERCO) interfacing with 

NASA’s Mars Relay Operations Service (MaROS)
• Essential for data return and operations of Mars rover

• Optical Nucleus Network
• Strategic initiative to consolidate a core set of optical ground

stations with national space agencies and commercial partners R. Gladden, E. Pereira, B. Sauer: Lessons Learned from the Mars Relay Network 
Considerations for Future Relay Networks, 2024 IEEE Aerospace Conference 
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HydRON - High thRoughput Optical Network
• ESA partnership project to develop a multi-user, 

multi-orbit optical space network (“fibre in the sky”)
• Integration of terrestrial and terabit-per-second 

space network
• HydRON Demonstration System under 

implementation:
• High-throughput optical LEO-Ring with 10 

satellites, 40 LCT and 2 optical ground 
stations

• High-throughput optical LEO Multi-Orbit 
Extension Layer with 1 LEO satellite, 1 
MEO/GEO satellite and 2 optical ground 
stations 

• a demonstration/service user segment, with 
contributions from commercial/institutional 
partners 
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Moonlight -
Lunar Communication and Navigation System

Audio/Video streaming

Data transport

Tele-operations

Over-the-top Services LunaSAR return link

Post-processing PVTDirect To Earth Service

Universal time

Absolute Velocity

Absolute Position
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Marconi / LightShip

• Mars Communication and Navigation Infrastructure (MARCONI)
• future Mars-dedicated communication and PNT institutional 

service
• gradually being built-up using the LightShip generic electric 

propulsion tug
• intended 6-nodes constellations by 2040s
• re-use of Moonlight technologies and standards

• LightShip-1 is currently in Phase A/B1 for launch in 2032
• carrying SpotLight passenger with science and MARCONI 

augmentation payload to Low Mars Orbit
• optical demonstration payload for Direct-To-Earth 

communication
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Standardisation & International Coordination

Standardisation

 Interoperability

  International Coordination



15ESA UNCLASSIFIED – Releasable to the Public

• Disruption Tolerant Networking (DTN)
• Communication
• Positioning, Navigation and Timing (PNT)

Solar System Internet –
Key Technologies
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Disruption Tolerant Networking (DTN)
• DTN Bundle Protocol providing reliable and resilient multi-hop space internetworking even in the presence 

of intermittent connectivity, extremely heterogenous links and large latencies.
• ESA Use cases in Earth Observation High-Rate Data Downlink, Lunar and Mars Communication, Optical, 

and resilient communication.
• ESA is actively working on additional features such as Custody Transfer, Compressed Status Reporting, Quality 

of Service, DTN Network Management, and Bundle Protocol Security.
• ESA is engaging with academia

and supporting DTN Research and
Development through study
activities, provision of software
and reference scenarios.

• Successful DTN demonstration
activities with ESA METERON,
ESA’s OPS-SAT and the
NASA-ESA Lunar IceCube
DTN demonstration

NASA/MSU Network

ESOC Operational Network

ESOC DTN NODE DTNA

Morehead Ground Segment  NASA DTN NODE

X-Band
AOS BUNDLESPP

Internet
D3TN DTN NODE

TCP/IP
ISP1

SLE-RCF
CCSDS AOS

CCSDS SPP

Bundle Protocol

TCP/IP

TCPCL

TCP/IP

TCPCL

Bundle Protocol

TCP/IP

TCPCL

Lunar IceCube

ESA ESTRACK Kourou Station

X-Band

WAN

Coding & Sync
CCSDS Frames

TCP/IP
ISP1

SLE-RCF
Coding & Sync

CCSDS AOS

Bundle Protocol
CCSDS SPP

ESOC DMZ
Relay DTN Node DTNA

TCP/IP

TCPCL

Bundle Protocol

TCP/IP

TCPCL

LAN WAN

µD3TN

TCP/IP

TCPCL

Bundle Protocol

ION

Uplink
and

Custody Signals

GS Network Stack

ION

bplib
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Communication
• Application of terrestrial technologies for proximity links (WiFi, 3 

GPP)
• Optical Technologies are considered essential for high-data-rate 

communications
• Optical communication between Lunar Atmosphere and Dust 

Environment Explorer (LADEE) and ESA IZN-1 station on Tenerife 
in 2013

• Optical communication over 300 million kms between NASA 
PSYCHE mission and two observatories in Greece in 2025

Deep Space Optical Communication Demonstration with Kryoneri and 
Helmos Observatories, Greece (2025) / NASA PSYCHE single photon 
detector
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Positioning, Navigation and Timing

• SSI Navigation nodes will require:
• highly autonomous space-based node Orbit 

Determination and Time Synchronization 
(ODTS)

• long-range optical and/or RF ranging 
capabilities

• Spacecraft will transition from one system to another 
while transit

• Provision of reference frames and times for planetary 
bodies

Visualization of a potential Solar System Internet PNT concept for 
an Earth-Mars transfer user (note that distances are not to scale).
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ASSIGN – 
Advancing Solar System 
Internet and GrouNd
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A Programme focused on safeguarding European role and interests in the global vision of Solar System Internet
Committed to interoperability and international collaboration 

• Multi-Directorate Activity including Directorate of Operations, Directorate of Connectivity & Secure 
Communications and Directorate of Navigation

• Planned Preparatory Phase from 2026-2028 – gradual System Implementation from 2029 onwards

ASSIGN (Advancing Solar System Internet and GrouNd)
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ASSIGN – Solar System Internet Pre-Phase A Study
• Definition of Earth Observation, Commercial, Lunar & Deep Space Use Cases
• Technology Readiness & Development Needs
• Requirements definition for SSI Reference Facility, Lunar and High-Rate Earth Observation DTN nodes
• Overview of SSI Ecosystem, Economic Impact Analysis and identification of commercialisation options
• Strategic Assessment confirmed high strategic value of SSI
• Derived a roadmap (proposal) for Solar System Internet:

1

Phase 1: Foundation and Initial 
Development (2025-2028)
• System studies and technology 

de-risking, preparing Phase 2
• International standardisation and 

coordination to ensure between 
networks

• Initial infrastructure set-up: SSI 
Reference Facility and initial DTN 
nodes on ground

• SSI Node-1 Mission Definition

2

Phase 2: Expansion and 
Interoperability (2028-2032)
• Deployment of first space nodes
• Optical compatibility testing
• Provision of reference frames 

and times for operational use
• Enhanced throughput and 

security, inter-provider 
connectivity and automated 
network management

Phase 3: Full Deployment 
and Operationalisation 
(2032-2040) 
• Nodes at Mars and potentially 

other planets
• Autonomous, scalable 

networking with dynamic 
routing and opportunistic 
communication
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SSI Node-1 Lunar Mission
An SSI Pathfinder Mission has been studied in ESA’s Concurrent Design Facility:

The SSI Pathfinder will be the world-first mission to demonstrate reliable routine operations of a cis-lunar 
optical trunk link and the first ESA mission to use Disruption Tolerant Networking operationally. It will 

demonstrate technologies for Deep Space PNT and prepare the provision of coordinated
Lunar Reference Time and Reference Frames.

• Smallsat (~ 250 kg)
• ~ 5 Gbps Optical Downlink with 13.5 cm

Laser Communication Terminal
• Re-programmable DTN implementation
• LunaNet compatible communication
• LunaNet NAV receiver
• Precise timing system
• Autonomous orbit determination
• Laser ranger / laser retroflector
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Summary



Conclusion
ESA is part of the international efforts to 

build the Solar System Internet
Solar System Internet is 
a network of networks 
based on Disruption 
Tolerant Networking 

(DTN)

RF & optical 
communication

Seamless PNT

=
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Join us!

www.esa.int

www.esa.int
www.ipnsig.org

www.ipnsig.org
https://www.linkedin.com/company/esa-operations/

https://www.linkedin.com/company/ipnsig-isoc/

https://www.linkedin.com/in/felix-flentge/

http://www.esa.int/
http://www.esa.int/
https://www.linkedin.com/company/esa-operations/
https://www.linkedin.com/company/esa-operations/
https://www.linkedin.com/company/esa-operations/
https://www.linkedin.com/company/ipnsig-isoc/
https://www.linkedin.com/company/ipnsig-isoc/
https://www.linkedin.com/company/ipnsig-isoc/
https://www.linkedin.com/in/felix-flentge/
https://www.linkedin.com/in/felix-flentge/
https://www.linkedin.com/in/felix-flentge/
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