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Context Eesa

We are going back to the Moon.....

... and stay there
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- Over 250 missions foreseen in
lunar orbit or lunar surface for
the next 10 years !!
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Moon Markets Analysis, 2" Edition

NORTHERN SKY RESEARCH

An Analysys Mason Company

Key Markets Driving the Return The 251 + Missions
to the Moon are Science &
Technology Development, Asset
Transportation, and Pre-human

Robotic Exploration - Totalling . 1 O o
62% = S100B | Billion

Of the Entire Market
Missions o=\ Moon Economy

Expected Over the Next
10 Years Will Activate the
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Mission Launches Per Year 2031
mScience&Tech Transportation Robotics Manned

The Fundamental Building Blocks for the Moon Market Started with the Objective of Building a Sustainable Presence of Humans, However as we Dive Into
the Early Years of the Missions - it is Clear that the Need for Science and Technology Development, Transportation of Payloads, and Transmitting Data and
Communication Back to Earth is Becoming a Clear Winner in the Picture.

Northern Sky Research, One Mifflin Place, Suite 400, Cambridge, MA, 02138, 1-(617)-674-7743 NSR
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https://www.nsr.com/wp-content/uploads/2022/04/MMA2-IG2-scaled.jpg
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Arfemis:Landing Humans O,the Moon

Lunar Reconnaissance
Orbiter; Continued
surface and landing
site investigation

. ’ _ o . . . . ) | B
émis I: First Artemis II: First humans Gateway begins science operatmns Artemis llI-V: Deep space crew missions;
an spacecraft to orbit the Moon and with Taunch of Power and Propulsion cislunar buildup and initial crew '

\ to the Moon in the rendezvous in deep space  Element and Habitation and K demonstration landing with Human
21st century inthe 21st Century Logistics Outpost -. S Landing System ' ,
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Commercial Lunar Payload Services pmv!dars




= Lunar
Moonlight/ ~ Pathfinder
LCNS :

—
- -
- -
-
e ]

_,_____,__..--’_'tﬁ'r-"i'ﬁh"lé'ij'fmpean Gateway

Service Module
‘ Cis-Lunar
- Transfer Vehicle

Europe’s main contributions-to
future lunar exploration
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Europe’s Vision
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The current model (each missions
provide its means) is not cost
effective

The 250+ missions planned already

esa

Opportunity to ignite new
services and contribute to
sustainable Moon economy
by providing a dedicated
Lunar COMM and NAV

for next 10 years, would require all infrastructure
their own Com & Nav provision
means €
= 4&.‘; " ' {ix.
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Commercial Lunar Payload Services J \ / \ L
ST ™! ooiacoe tnd ko) BIRES Large-Scale Cargo Lander e " ﬂ {4
- - Increased capabilties for science % -
Early South Pole Mission(s) ind otiaoiogy payiads - Humans on the Moon - 21st Century
= First robotic landing on eventual human lunar First crew leverages infrastructure
return and In-Situ Resource Utilization (ISRU) sife left behind by previous missions
\\ = First ground truth of polar crater volatiles
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ESA Roadmap plans for Lunar Navigation Services {esa

Phase 1: Use of Existing Phase 2: Moonlight NAV Phase 3: Moonlight NAV enhanced

Earth-GNSS Systems Initial Services services
(2023 — onwards) (2027 — 2035) (2035 — onwards)

Preliminary Lunar PNT services Moonlight Lunar PNT services Enhanced Moonlight Lunar PNT services

Earth-based GNSS (Galileo and Dedicated initial lunar orbit GNSS- Enhanced Lunar Comm and Nav Satellites
GPS) using high-sensitive GNSS like constellation to provide South constellation (with additional satellites and
Receivers Pole surface and cislunar orbit lunar surface PNT beacons) to provide Full
services lunar surface coverage and enhanced
performances PNT performances

MOONLIGHT / LCNS:
Enhanced Services

MOONLIGHT / LCNS
Initial Services

Lunar Pathfinder
GNSS Payvload IoD
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ESA Roadmap

STEP 1: LUNAR PATHFINDER

Low-rate satellite communications service + Moon GNSS Receiver

Development ” Pathfinder Service

,'9‘ 2025

STEP 2: MOONLIGHT PROGRAMME

High-data rate satellite communications and navigation service

Design Development @ nitial Services

|
¢
[ ] ] [ ] [ ] [ ] [ ] ’!‘ [ ]
2020 2021 2022 2023 2024 2025 2026 2027 2028
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Lunar Pathfinder Satellite — @esa
First ever GPS/GALILEO reception on lunar orbit

GNSS
Antenna

X-Band High Gain Laser

Retroreflector
Antenna LPF ~ 10.8hr cycle in

OPF
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Lunar Pathfinder equipped with Cesa
GNSS high-sensitive receiver /| GNSS high-gain antenna

Parameter

Acquisition sensitivity

Tracking sensitivity

3D Position accuracy

3D Velocity accuracy

Mass

Size

Power

Constellations

Value

15dBHZz
<100m RMS
< 0.1 m/s RMS
1.3 Kg
24x12x7cm
<12W

GPS / Galileo L1/E1/L5/ES

SpacePNT NaviMoon Receiver Specifications

Parameter

L1 boresight gain

L5 boresight gain

Polarization

Mass

Size

Value

12 dBi
RHCP

26x26x28cm

MDA Antenna Specifications

First ever demonstration of GNSS reception on Lunar orbit.

11
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High-fidelity simulation performed with existing GNSS
Receiver for Lunar Pathfinder: 10 days simulation @esa
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Estimated autonomous and real time
Orbit Position accuracy ~ 50 meters (rms)

—_— = o=

3D Position Error [m]

3D Velocity Error [m/s]

O\:

Tracked Sats




Laser Retroreflector Array Development by NASA Eesa

S, ;
. Y

Technical Description:

* LRRis composed of 48 reflector cubes (1.6” diameter), based on @
the technology developed and flown by NASA on the Lunar k _
Reconnaissance Orbiter (LRO) - Mass ~ 4 kg i

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

STEP 1: LUNAR PATHFINDER

Low-rate satellite communications service + Moon GNSS Receiver

Development ” Pathfinder Service

,'9‘ 2025

STEP 2: MOONLIGHT CONSTELLATION

High-data rate satellite communications and navigation service

Design Development @ Initial Services
] o ] o ] o ’9‘

[ ]
2020 2021 2022 2023 2024 2025 2026 2027 2028
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Moonlight Approach: Services esa

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

Data transport Absolute Position
Tele-operations Absolute Velocity
. 5 Audio/Video streaming Universal time
= S :;?hmm*nj:%u . "
s ; e '
““&f;'&_. | . \m{.
- e s G .

-- A dedlcated Constellatlon of satellites around the Moon
* Moonlight NAV services based on GNSS technologies
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partners’ Asset

7 %%

Moonlight
Sat 4

Moonlight Sat 2

‘ @ Moonlight Sat 3
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Links are named in-line with LunaMNet spec




4 satellites initial constellation: ELFO ORBITS
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Example of Moonlight Service Capabilities: Moon landing @esa

Landing

Approach
A

Velocity Altitude Retargeting

1 $
1.63 kmJs | 100 |-<l"|“'.I

15 km

&0 mJ/s 2-3 km

=1 mJ/s
horizontal
= 2 m/s
vertical

- B

15 sec batch 2 sec batch

19
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- Lunar Landi'hg_ I.o_cations proposed for Artemis | @esa
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Moonlight estimated achievable Landing performances @ esa

Formal precision of position (3 sigma) ] Satellites visibility

[— Horizontal
eV ertical

-
=
L
N
&)
T

Altimeter

3 satellites /

04:00 04:10 04:20 03:50 04:00 04:10 04:20
Jun 12, 2026 Jun 12, 2026

The achieved final landing horizontal precision
iIs 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
Y programme.

X 5
. ' 2 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
s ] : 2023. 2

i
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MOONLIGHT TECHNICAL INTEROPERABILITY

) Eesa

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.

&

LunaNet Interoperability
Specification Document

Version 4

Technical Cooperation Moonlight/LunaNet
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BILATERAL COOPERATION STARTED WITH JAXA () Qesa

Discussions are on-going with JAXA

v Comparing assessment of lunar planned mission needs

v Assessing Systems Interoperability needs

v Potential cooperation on NAV technology demonstration (2028)

v' Analysis of scenarios for joint service augmentation

24
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Moonlight LCNS system — Incremental deployment

IOC/FOC
Approach

cMm28

'] 1

10C: Initial Operational
Capabilities Services
infrastructure

] |

“ COM Services (Store & FWD) + NAV Demo (techno)

AN

T G,
Moonlight Sat 1‘&

(Com and Nav)

— %

Moonlight Sat 2 Moonlight Sat 3&4
(Nav and Com) (Nav and Com)

57 57

Launch ride Launch ride

FOC: Full Operational

N ) Capabilities Services
% % infrastructure

Ground Segment GS complement

10C (coMm + Initial NAV) FOC (coMm + Full NAV + more COM? TBD)

I0C B2/C/D/E1 & FOC B2

10C Services & FOC C/D/E1 FOC Services

25
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MOONLIGHT PRELIMINARY SYSTEM STUDIES TOWARDS FINAL IMPLEMENTATION o@Sa

9 CM 22

Q12018 Q2'2020 Q32020 Q22021 (NOV 22)

, Phase A/B1 Phase A/B1 Phase A/B1 Phase '
Prior Work
HOEING . . ITT Release 2x Studies B2/C/D/E1

S5TL
Sae Service Definition / Business Development / Partnership Models

AIRBUS gmv

GTWNSL KSAT:

Qucomur SES” Mission Requirements Service and System System Architecture System Detailed
Definition Concept Development Development Definition
SURREY

Apr21 Q321 Q421 Q222 Q3’22
Kick-Off MRR SCR PRR iSRR

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)
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Moonlight — LCNS Phase A/B1 Study consortia

sz TELESPRAZIO

'\\ a LEONARDQ and THALES company

)
ThalesAlenia

. P c—

AIRBUS
AN Grgoteé

§§ Nanoracks (FahHB

. )
hispasat ®© inmarsat Mnmpa

The mobsle sotellite COmpony

A
QEEHDNHILLY SES
-w v B beyond frontiers

POL'TECN'CO SOABocconi
s MILANO 1863 g L

SURREY
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Preparing for ESA Ministerial 2022:
MOONLIGHT Request For Information

_

. E
' -
", CAMPAIGN

Request foglpformation (RFI) for the Moonlight
programme pheparatiomof:the ESA Ministerial Council

. ideas.esa.int

| ESA Information provided:
- Draft Moonlight Service requirements

- A description of the Moonlight programme activities and execution

28
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Moonlight White Paper: Summary Strategic Document e esa

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

MOONLIGHT PROGRAMME

https://esamultimedia.esa.int/docs/telecom/22.09.26 Mo
onlight White Paper.pdf
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https://esamultimedia.esa.int/docs/telecom/22.09.26_Moonlight_White_Paper.pdf

THANK YOU !

moonlight@esa.int
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