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Real-Time On-Board PNT
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Source: NASA Ignition, Mar 24, 2026
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Operational and Planned Lunar Robotic Mlssmns

Note: Not to scale; positioning in graphic does not /ndlcate landing location.
Source: Global Exploratlon Roadmap, Aug 2024
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Lunar PNT Challenges
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Power / Mass / Volume — Constrain

Orienteering Accuracy
what users can carry for nav

Low Lunar

" ST
Dynamic Conditions —

Reference Time . .
descent/ascent trajectories

Stark Lighting — difficult for Earth Occultation —
traditional cameras limits Earth-based tracking

Reference Geodetics Interference

-ault tolerant autonomous systems providing PVI knowledge + situational awareness will be needed



GNSS Signal Reception Within and
Beyond the GNSS Space Service . |
Volume (SSV) Side lobe signal ... Moon
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Utilization:
« Broad utilization in geostationary orbit Main lobe signal

» Active users up to 50% lunar distance
* Lunar users launching in 2025 and beyond

Side lobe signal

27 April 2026



Phased Expansion of Lunar PNT

GNSS-only [/ MR" GNSS Lunar GNSS + Lunar PNT :
: . . Broad Infusion
demonstra\| . Operations Service Demos

Lunar PNT Services
(e.g. LunaNet)

Relative use of signal sources

Today

Transit use of GNSS and Lunar PNT Services

Lunar PNT Services
(e.g. LunaNet)

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

I_ U 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
- GPS+Galileo, L1/L5 (E1/ED)
- Observables: pseudorange, Doppler, carrier phase

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

- Raw baseband I/Q samples




Payload

* Three components:

HGA - LNA - Receiver
* Integrated separately onto lander
+ Total mass: 4.64 kg

« Total peak power: 14 W

/1_932‘1/

780

39.5
mm

D-Sub 9
(Serial & Power)

Bonding strap SMA (RF input)

LuGRE Receiver

90
2008 10d8 0dB -10d8 -20 6B -30dB

QN400-Space Receiver: Low Noise Amplifier: i LS/ESa

+ GPSL1C/A+L5; GalleoE1BC +Eb5a + 40 dB Gain . .

*  Mass: 1.3 kg, power: <14 W - ~1dB Noise Figure High Gain Antenna:

*  Two cold-redundant receivers *  Manufactured by « L1/E1:15.35dB, 12° HPBW
« VCTCXO clock dB Microwave + L5/E5a: 14.56 dB, 16° HPBW

«  Manufactured by Qascom S.r.l. * Manufactured by Haigh Farr oLl

27 April 2026




[Pre-launch plan]
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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,

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

TOTAL DATA VOLUME COLLECTED

« Approximately 12s of IQ sample batches
* More than 106 hours of GNSS measurements
in real-time processing mode.

16 TOTAL OPERATIONS IN TRANSIT

2 during the commissioning phase
* 9 during the Earth-centered phasing loops
* 5inlunar orbit
* 14 with 1QS sample batch collections
* 14 with real-time measurements 26: ot: 354 o e

)
Gy
o
3
o
<
(6]

SURFACE TIME: 95+ hours

Nearly 93 hours were spent in real-time
processing mode.

C/NO [dB-Hz]

18:26:26 23:01:03 03:35:41 08:10:18 12:44:56
Time [UTC, hh:imm:ss Mar 15, 2025

C/N- received on lunar surface. first ~24 hr. GPS+Galileo. . 1+ 5



Data Release

1D Level® Description Coverage
° Open dataset nOW avallable TLM_ACQ LO Receiver ACQ (fﬂcquisition) message, in raw All rez{l time processing (RTP)
binary and text forms. operations, | Hz rate
° Contents |nCI Ude raw TLM_RAW LO bReceiver RAW (m‘easurements) message, inraw  All Tez%l time processing (RTP)
inary and text forms. operations. | Hz rate
telemetry fOr va u |S|t|0n y TLM_NAV LO Receiver NAV (least-squares PVT solutions) All real time processing (RTP)
. message, in raw binary and text forms. operations, | Hz rate
measurements, PVT solutions, :
. IQS_L1 LO In-phase/quadrature sample capture binary data, All sample capture (SC)
IQ sam pIeS, and anci ”a I'y data . L1 and E1 bands operations, (variable parameters)
1QS_L5 LO In-phase/quadrature sample capture binary data,  All sample capture (SC)
PY Pu bI |Cat|0n |n Jou rnal NAVI GATI O N L5 and E5a bands operations, (variable parameters)
“ . . OPTABLE Ancillary Detailed operations table Full mission
GNSS Reception at the Moon: | | \
ICD Ancillary Binary data format ICD N/A

First Results of the Lunar GNSS
Receiver Experiment (LUuGRE)”
https://doi.org/10.33012/navi.756

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

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.

27 April 2026
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_ :LunaNet is a set of cooperatmg networks providing interoperable
i ',commumcatlons and,pos:t:on navigation, and timing (PNT)
5 -iserwces for users in trans:t to arourid and on the Moon.
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https://www.nasa.gov/wp-content/uploads/2025/02/lunanet-interoperability-specification-v5-baseline.pdf
https://www.nasa.gov/wp-content/uploads/2025/02/lunanet-interoperability-specification-v5-baseline.pdf

Lunar Communications Relay and Navigation System (LCRNS)
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= NASA's service-based Initial Operating Capability
Is expected to consist of three distinct phases

over a period of approx. 5 years:

= Phase Alpha, with a minimum of one Augmented
Forward Signal (AFS) expected to broadcast over the
South Pole region.

= Phase Bravo, with a minimum of two AFS expected
over the same South Pole region.

= Phase Charlie, with an expected minimum of four AFS
in view (forms LANS™) in an expanded service volume
(for a limited portion of each Earth day). Additionally
meeting a requirement for Geometric Dilution of
Precision (GDOP).

= Also offers S-band Peer-to-Peer 2-way radiometrics
and 1-way Doppler reference services

= The LCRNS AFS is expected to comply with the . : ) (=

LunaNet Interoperability Specification. ; g ,{; |NTU|T|VE
. . ; : - MACHINES

= | CRNS orbit(s) are defined by the service provider 2 %
and relays are expected to meet the Signal-in- )‘g, % L _ - S
Space-Error in the LCRNS SRD. : Service Provider: Intuitive Machines

' Lunar Data Network (LDN)

. SerV|Ce dellvery IS re“ant on qeﬂned Iunar *LANS = Lunar Augmented Navigation Servicé-::;;;:,_-:'-, .»’”.Q :.a: , "; ~"‘_;o':‘.:

reference system and lunar time. e il - %

https /lesc.gsfc.nasa. gov/prOJects/LCRNS - : “’}"" 5@;, , 19
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Presented by Intuitive Machines, Cislunar PNT Workshop, 10 Feb 2026

INTUITIVE MACHINES LUNAR ARCHITECTURE AND SERVICES U
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NEEW
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PNT Service 2-Way Radiometric
Availability

AFs S

5x

Projected timelines are subject to change based on program execution and mission needs.

Public Release. © 2026 Intuitive Machines, Inc. All rights reserved. 20



Conclusions

* NASA uses GNSS across the agency — for operations and science, from the
launch pad into cislunar space.

 US and global exploration of the Moon is planned to increase rapidly in
coming decade, and PNT will be needed to support these missions in the
challenging lunar environment.

 The NASA/ASI LUGRE mission for the first time demonstrated GNSS-based
PNT near the Moon and on the lunar surface as a stepping-stone to
purpose-build lunar PNT systems.

* NASA, ESA, and JAXA are developing LunaNet as a set of cooperating
networks providing interoperable communications and PNT services for
users in transit to, around, and on the Moon. (i

* Intuitive Machines is developing the Lunar Data Network (LDN) to provide'
lunar communications and PNT services to users including NASA and will
form the initial instantiation of LunaNet. I




SPACE OPERATIONS MISSION DIRECTORATE
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