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Context

We are going back to the Moon…..

… and stay there
ESA UNCLASSIFIED – Releasable to the Public

Credits: BBC Science Focus Magazine



Over 250 missions foreseen in 
lunar orbit or lunar surface for 
the next 10 years !!
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A market prediction over 100 Billion Dollars 

https://www.nsr.com/wp-content/uploads/2022/04/MMA2-IG2-scaled.jpg
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2022

2024

2025

2025
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Europe’s main contributions to 
future lunar exploration 

Moonlight/
LCNS

Lunar 
Pathfinder
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Europe’s Vision

The current model (each missions 
provide its means) is not cost 
effective 

The 250+ missions planned already 
for next 10 years, would require all 
their own Com & Nav provision 
means 

Opportunity to ignite new 
services and contribute to 
sustainable Moon economy 
by providing a dedicated 
Lunar COMM and NAV 
infrastructure
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ESA Roadmap plans for Lunar Navigation Services
Phase 1: Use of Existing 

Earth-GNSS Systems 
(2023 – onwards)

Phase 2: Moonlight NAV 
Initial Services
(2027 – 2035)

Phase 3: Moonlight NAV enhanced
services

(2035 – onwards)
Preliminary Lunar PNT services

Earth-based GNSS (Galileo and
GPS) using high-sensitive GNSS
Receivers

Moonlight Lunar PNT services

Dedicated initial lunar orbit GNSS-
like constellation to provide South
Pole surface and cislunar orbit
services

Enhanced Moonlight Lunar PNT services

Enhanced Lunar Comm and Nav Satellites 
constellation (with additional satellites and 
lunar  surface PNT beacons) to provide Full 
lunar surface coverage and enhanced 
performances PNT performances

Lunar Pathfinder 
GNSS Payload IoD

MOONLIGHT / LCNS 
Initial Services

MOONLIGHT / LCNS: 
Enhanced Services
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Pathfinder ServiceDevelopment

ESA Roadmap

STEP 1: LUNAR PATHFINDER
Low-rate satellite communications service + Moon GNSS Receiver 

2025 

2020 2022 2023 2024 2025 2026 2027 2028

STEP 2: MOONLIGHT PROGRAMME
High-data rate satellite communications and navigation service

Design Development Initial Services

2021

ESA UNCLASSIFIED – Releasable to the Public
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Lunar Pathfinder Satellite –
First ever GPS/GALILEO reception on lunar orbit
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Lunar Pathfinder equipped with 
GNSS high-sensitive receiver / GNSS high-gain antenna

Parameter Value
Acquisition sensitivity 15dBHz
Tracking sensitivity 15dBHz
3D Position accuracy < 100m RMS
3D Velocity accuracy < 0.1 m/s RMS
Mass 1.3 Kg
Size 24x12x7cm
Power < 12W
Constellations GPS / Galileo L1/E1/L5/E5

Parameter Value
L1 boresight gain 15 dBi
L5 boresight gain 12 dBi
Polarization RHCP
Mass ~2Kg
Size 26x26x28cm

SpacePNT NaviMoon Receiver Specifications

MDA Antenna Specifications

First ever demonstration of GNSS reception on Lunar orbit.
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High-fidelity simulation performed with existing GNSS 
Receiver  for Lunar Pathfinder: 10 days simulation

Estimated autonomous and real time 
Orbit Position accuracy ~ 50 meters (rms)
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Laser Retroreflector Array Development by NASA

Technical Description:
• LRR is composed of 48 reflector cubes (1.6” diameter), based on 

the technology developed and flown by NASA on the Lunar 
Reconnaissance Orbiter (LRO) - Mass ~  4 kg 

First time ever three ranging techniques (GNSS, Laser and X-band 
ranging) are used simultaneously on lunar orbit
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Pathfinder ServiceDevelopment

ESA Roadmap

STEP 1: LUNAR PATHFINDER
Low-rate satellite communications service + Moon GNSS Receiver 

2025 

2020 2022 2023 2024 2025 2026 2027 2028

STEP 2: MOONLIGHT CONSTELLATION
High-data rate satellite communications and navigation service

Design Development Initial Services

2021

ESA UNCLASSIFIED – Releasable to the Public
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Moonlight Approach: Services

• A dedicated constellation of satellites around the Moon
• Moonlight NAV services based on GNSS technologies

Audio/Video streaming

Data transport

Tele-operations

Over-the-top Services Search and Rescue

Alert & InformationThird-party payloads

Universal time

Absolute Velocity

Absolute Position

Service development Approach: ESA supporting infrastructure 
development and acting as Anchor customer

ESA UNCLASSIFIED – Releasable to the Public
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Moonlight Sat 1

Moonlight Sat 2

Moonlight Sat 3

Moonlight 
Sat 4

Moonlight LCNS – Example System Concept
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4 satellites initial constellation: ELFO ORBITS
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Example of Moonlight Service Capabilities: Moon landing



2020

Lunar Landing locations proposed for Artemis
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Moonlight estimated achievable Landing performances

Altimeter

3 satellites

The achieved final landing horizontal precision 
is below 20 m 3-sigma !!
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MOONLIGHT : A key assets in the cooperation of 
Europe in lunar exploration with NASA

Signature of MoU on Lunar Pathfinder –
key stepping stone towards broader ESA 
NASA cooperation on lunar 
communication and navigation services 
(June 2022)

Moonlight is identified as one of 3 priority 
areas on future lunar surface cooperation 
between ESA and NASA onto the Artemis 
programme. 

A dedicated Joint Understanding is being 
prepared and planned to be signed this 
fall and a formal  ESA -NASA cooperation 
agreement is planned to be concluded in 
2023.  
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MOONLIGHT TECHNICAL INTEROPERABILITY

Technical Cooperation Moonlight/LunaNet

• ESA is working closely with NASA on the definition 
of the joint lunar Communication and Navigation 
international standards

• High level of consensus achieved and convergence 
with NASA. Public version just released (Sept 
2022) and cooperation started with IOAG.

• Maturity of the standards allow to proceed on the 
Moonlight implementation phase with low risk.

• Compliance to these Standards ensures technical 
compatibility with NASA Artemis missions and for 
joint use with NASA complementary infrastructure.
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BILATERAL COOPERATION STARTED WITH JAXA

Discussions are on-going with JAXA

 Comparing assessment of lunar planned mission needs

 Assessing Systems Interoperability needs

 Potential cooperation on NAV technology demonstration (2028)

 Analysis of scenarios for joint service augmentation
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Moonlight LCNS system – Incremental deployment

IOC / FOC
Approach 

FOC

IOC
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v

1. ESA has issued a Request For Information preparing for CM 2022 ~ Sept 2022

2. Moonlight ESA Ministerial endorsement expected in Nov 2022, allowing Full 
Moonlight Implementation (Phase B2/C/D/E)

MOONLIGHT PRELIMINARY SYSTEM STUDIES TOWARDS FINAL IMPLEMENTATION

CM 22
(NOV 22)
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Moonlight – LCNS Phase A/B1 Study consortia
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Preparing for ESA Ministerial 2022: 
MOONLIGHT Request For Information

ideas.esa.int

ESA Information provided: 
- Draft Moonlight Service requirements 
- A description of the Moonlight programme activities and execution
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Moonlight White Paper: Summary Strategic Document

ESA has produced a “Moonlight 
White paper”  summarizing the 

Objectives, organization and  
strategic importance of the Moonlight 
program, as presented for the ESA 

Ministerial Conference CM 22

https://esamultimedia.esa.int/docs/telecom/22.09.26_Mo
onlight_White_Paper.pdf

https://esamultimedia.esa.int/docs/telecom/22.09.26_Moonlight_White_Paper.pdf
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moonlight@esa.int

THANK YOU !
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