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Operatlonal and Planned Lunar Robotic Mlssmns

Note: Not to scale; positioning in graphic does not mdlcate landing location.
Source: Global Exploratlon Roadmap Aug 2024
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Lunar PNT Challenges
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traditional cameras limits Earth-based tracking

Reference Geodetics Interference
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GNSS Signal Reception Within and
Beyond the GNSS Space Service  ————
VOIUme (SSV) Side lobe signal ...
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Utilization :
A Broad utilization in geostationary orbit Main lobe signal

A Active users up to 50% lunar distance

A Lunar users launching in 2025 and beyond
Side lobe signal
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Phased Expansmn of Lunar PNT

GNSS Lunar GNSS + Lunar PNT :
Operations >> Service Demos >> BroadiIniusion >

Lunar PNT Services
(e.g.LunaNe)

Relative use of signal sources

Today

Transit use of GNSS and Lunar PNT Services

Lunar PNT Service
(e.g.LunaNe)

PNT Use O

< Transit Distance >

Use of GNSS and lunar PNT services are considered as a key part of the broader navigation ecosystem including ground-based on on-board sources. 7






Payload objectives

| l ' GR E 1. Receive GNSS signals at the Moon. Return data and characterize
the lunar GNSS signal environment.
LUNAR GNSS RECEIVER EXPERIMENT \ _ : ) . _
2. Demonstrate navigation and time estimation using GNSS data

collected at the Moon.
3. Utilize collected data to support development of GNSS receivers
specific to lunar use.
Measurements
A GPS+Galileo, L1/L5 (E1/E5)
A Observables: pseudorange, Doppler, carrier phase

A Onboard navigation products: multi-GNSS point solutions, filter
solutions

A Raw baseband I/Q samples




Payload

A Three components:
HGA A LNAA Receiver

A Integrated separately onto lander

T

Total mass: 4.64 kg
A Total peak power: 14 W

190 mmM
780
'm

39.5

D-Sub 9

Bonding stra
Eig SMA (RF input) (Serial & Power)

QN400-Space Receiver:
A GPS L1 C/A+L5; Galileo E1IBC + E5a
A Mass: 1.3 kg, power: <14 W
A Two cold-redundant receivers
A VCTCXO clock
Manufactured by Qascom S.r.l.

™
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18.5

Low Noise Amplifier:
A 40 dB Gain
A ~1 dB Noise Figure
A Manufactured by
dB Microwave

| B .

High Gain Antenna:

A L1/E1:15.35dB, 12° HPBW
A L5/E5a: 14.56 dB, 16° HPBW
A Manufactured by Haigh Farr

90
20

a8

L5/E5a

60"

10d8 0B

LuGRE Receiver

-10d8 -20 6B -30 dB

-60°
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[Pre-launch plan]

| UGRE

LUNAR GNSS RECEIVER EXPERIMENT

..... NASA + ASI 9 Transit Operations (I;t;r:grsljhasmg Orbits
15hr total collection via 4 o e ot
e Commissioning reorient Antenna stowed T
Collection via reorient 3 g : { O
Antenna stowed Phasing Orbits et
(3.5 orbits in o S
20 o2 e = Mare Crisium X
ye s L = - \
Q Pre-Launch e 18°N.62°E  §

0Launch e ; .

Cape Canaveral, FL .~ s o
< GPS and Galileo

(Downlink X-band
via reorient)
SpaceX '
Falcon 9

FIREFLY “BLUE GHOST” LANDER

LuGRE antenna
(Co-located w/ lander X-band ant.
Earth pointing via gimbal)

U D

LuGRE receiver and FEA {;5:

ﬂntemaa S i o
> QASCQM Politecnico

di Torino

Joint Operations

(Downlink X-band)

9 Powered Descent

e ‘Surface Operations
12 days collection
~ Antenna deployed, Earth-tracking
2x-2.5s baseband sample collection

> - Extended Mission

TBD duration during lunar night
Continued collection

@ Decommissioning

@ Science Data Processing

——

—_—

LuGRE Data

Public
Dissemination
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https://www.youtube.com/watch?v=NpHhEybJdxg
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LUGRE Mission Highlights

LUGRE antenna

TOTAL OPERATION TIME : >111 hours,

A Operation time on surface: >95 hours (>85%)

TOTAL DATA VOLUME COLLECTED

A Approximately 12s of IQ sample batches

A More than 106 hours of GNSS measurements
in real-time processing mode.

§ At s,
~ BN o = S e

On lunar surface

16 TOTAL OPERATIONS IN TRANSIT

2 during the commissioning phase

9 during the Earth-centered phasing loops
5 in lunar orbit

14 with 1QS sample batch collections

14 with real-time measurements

C/NO [dB-Hz]

Too Joo oo To To

SURFACE TIME: 95+ hours

Nearly 93 hours were spent in real-time
processing mode.
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18:26:26 23:01:03 03:35:41 08:10:18 12:44:56
Time [UTC, hh:mm:ss] Mar 15, 2025

C/N- received on lunar surface. first ~24 hr. GPS+Galileo. L1+L5



Data Release

1D
A Open dataset now available TLMACQ
A Contents include raw TLMRAW
telemetry for acquisition, TLM_NAV
measurements, PVT solutions, —_—
|Q samples, and ancillary data. |
1QS_L5

A Publication in journal NAVIGATION:
AGNSS Reception & "
First Results of the Lunar GNSS
Receiver Experiment (LUGRE) ©
https://doi.org/10.33012/navi.756

A Link to data: https://doi.org/10.5281/zenodo.16411686

Level® Description

LO Receiver ACQ (acquisition) message, in raw
binary and text forms.

LO Receiver RAW (measurements) message, in raw
binary and text forms.

LO Receiver NAV (least-squares PVT solutions)
message, in raw binary and text forms.

LO In-phase/quadrature sample capture binary data,

L1 and E1 bands

LO In-phase/quadrature sample capture binary data,

L5 and E5a bands
Ancillary Detailed operations table

Ancillary Binary data format ICD

LUGRE initial data products

LUGRE successfully demonstrated GNSS-based
PNT at the Moon.
Legacy: Data and results shared with all to enable
the future of lunar GNSS.
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Coverage

All real time processing (RTP)
operations, | Hz rate

All real time processing (RTP)
operations. | Hz rate

All real time processing (RTP)
operations, | Hz rate

All sample capture (SC)
operations, (variable parameters)

All sample capture (SC)
operations, (variable parameters)

Full mission

N/A



https://doi.org/10.33012/navi.756
https://doi.org/10.5281/zenodo.16411686




What | IS LunaNet ?-

_ :LunaNetrs a set of cooperatrng networks providing interoperable
~.communications an;l position, navigation, and timing (PNT)

f:i;-iservrces for users |n transrt to, around and on the Moon.

A Based ona framework'of’ mutuaIIy agreambon standards
protocols frequency bands, and interface requrrements that
~enable interoperability. - -

AAIIows many lunar mission users to engage the services of |
diverse commercial and government service provrders in an/

~Lunar
Relay
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i Ascent Coverage
' A Extensrble

LunaNetconsrsts of Earth Grou-nd Statrons (for Drrect with Earth links), lunar
orbital relays (lunar proximity and Earth trunk Irnks) anel surface assets.

Legend
C: Base Camp <« Trunk Link 2 Nav Broadcast
<.+ Cross Link Proximity Link <€+« Visiting Vehicle




Moonlight. -

L.erpiting systems,

: S Lunar; & e
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~Navigation, " System (LCNS
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—— > - : = ‘ : N ; of components for
ry P - ; consistent, accurate, and
NASA®s i ns tLanaNeti atwif T =" i N -4 e . safe navigation.
iy RElEY Stendtes -2 LupaN’ﬁ ’ 7= 2 = By Interoperability defined in
Service Provider (LNSP) , C RNl AN MmiT S Applicable Document 5
Currently scoped for Initial s OSf Lunar Rel‘:"y , , : . (AD5).
Operating Capability ervices ;

e
f

*Latest versionLunaNetinteroperability Specification v5




