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Lunar PNT Challenges

Fault tolerant autonomous systems providing PNT knowledge + situational awareness will be needed.

Stark Lighting – difficult for 
traditional cameras

Data/Sensor Fusion

Surface EnvironmentOrienteering Accuracy Power / Mass / Volume – Constrain 
what users can carry for nav

Earth Occultation –  
limits Earth-based tracking

Dynamic Conditions – 
descent/ascent trajectories

Interference

Reference Time

Reference Geodetics &
Celestial Relationship
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Image: Johnson Space Center Virtual Reality Simulation
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Global, safe navigation

Operating in highly dynamic environments 
(e.g., descent, ascent)

Situational awareness

Efficient operations due to EVA time 
constraints and multiple mission objectives
• Limited survivability resources

• Apollo-type navigation (orienteering) 
requires stop-time

• Contingency walk-back scenarios

Telerobotic operations, e.g., LTV surface 
prep for crew

Real time localization on a map

Accurate science

User Drivers
I N S I G H T S  F O R  P N T  A T  T H E  M O O N
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LunaNet
I N S I G H T S  F O R  P N T  A T  T H E  M O O N

LunaNet is a set of cooperating networks providing interoperable 
communications and position, navigation, and timing (PNT) 
services for users in transit to, around, and on the Moon.

Based on the framework of mutually agreed-upon standards, 
protocols, frequency bands, and interface requirements that 
enable interoperability.

Allows many lunar mission users to engage the services of    
diverse commercial and government service providers in an    
open and evolvable architecture.
• Service-Oriented
• Scalable
• Open

• Resilient
• Secure
• Extensible

LunaNet consists of Earth Ground Stations (for Direct with 
Earth links), lunar orbital relays (lunar proximity and Earth 
trunk links), and surface assets.
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LunaNet
Lunar Systems 
Relationships

I N S I G H T S  F O R  P N T  A T  T H E  M O O N

Framework for standardized interoperable 
services, umbrella under which many providers 
collectively work. Interoperability defined in a 

set of specifications.

Lunar        
Comm. Relay 

and Navigation 
System 

(LCRNS)

NASA’s instantiation of 
LunaNet. Lunar Relay 
Services – a LunaNet 
Service Provider 
(LNSP)

Currently scoped for 
Initial Operating 
Capability 

Lunar 
Navigation 

Satellite 
System 
(LNSS)

A canonically defined set of 
components for consistent, 
accurate, and safe navigation.

Lunar Reference 
System (LRS) 
Components   

(Includes Time)

For interoperable and safe navigation, LunaNet systems shall use the LRS. LunaNet Interoperability Spec defines an Applicable 
Document 5 (ADS) to define an interoperable LRS set and non-dependent areas with associated criteria (e.g., tolerances).

LNSS is Japan’s 
instantiation of 
Lunar Relay 
Services

ESA’s instantiation 
of Lunar Relay 
Services

Moonlight
Other 

(Surface 
Comm/PNT)

Example: 3GPP, 
Pseudolites, RF 
Beacon

Earth Ground 
Segment

Example: Lunar 
Exploration Ground 
Sites (LEGS)
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I N S I G H T S  F O R  P N T  A T  T H E  M O O N

OSTP Policy Guidance for 
Lunar Time Development

“Coordinated Lunar Time (LTC) will act as the 
established standard to enable Cislunar operations 
and maintain traceability to UTC.”

“NASA, in coordination with the Departments of 
Commerce, Defense, State, and Transportation, will 
study, define, and implement a Coordinated Lunar 
Time (LTC) to support the gradual establishment of 
lunar infrastructure.”

• NASA, with support from parenting departments and agencies, 
will establish the approach to LTC as the international standard 
through existing standards bodies

• NASA considered LTC as part of its annual Moon-to-Mars 
Architecture Concept Review cycle in 2024

• NASA will provide a finalized strategy to the Executive Office of 
the President to implement lunar timing standardization no later 
than December 31, 2026.

C l i c k  l i n k  t o  v i e w  
C e l e s t i a l  T i m e  
S t a n d a r d i z a t i o n  P o l i c y  



PNT Services rely on definition, adoption, and 
maintenance of common lunar geodetic and time systems, 
and transforms to other frames and UTC.

P r i n c i p a l  A x i s    M e a n  E a r t h

International Standards 
Organizations: Current Status

I N S I G H T S  F O R  P N T  A T  T H E  M O O N

I n t e r n a t i o n a l  A s t r o n o m i c a l  U n i o n  ( I A U )  C o m m i s s i o n  
A 3 ,  F u n d a m e n t a l  S t a n d a r d s
• Developing a lexicon for standardizing terms.
• IAU General Assembly in August 2024, ACCEPTED two relevant Resolutions:

• Recommendation to define a Lunar Celestial Reference System 
(LCRS) and a Lunar Coordinate Time (TCL)

• Recommendation to establish Coordination Lunar Time by international 
agreement.

I A U  W G  C a r t o g r a p h i c  C o o r d i n a t e s  a n d  R o t a t i o n a l  
E l e m e n t s  ( C C C R E )
• Expecting continuation on lunar cartographic and rotational elements 

focus on Mean Earth Rotating frame.
I n t e r n a t i o n a l  A s s o c i a t i o n  o f  G e o d e s y  ( I A G )  
e s t a b l i s h e d  W G  1 . 1 . 3
• Address the connection between Celestial, Earth, and Lunar Reference 

Frames [and time] for the future missions in coordination with the IAG, 
IAU, and IERS, [and BIPM] and formulate recommendations regarding 
the definition, realization, and dissemination of Lunar Reference Systems, 
across agencies and user communities.

B u r e a u  I n t e r n a t i o n a l  d e s  P o i d s  e t  M e s u r e s  ( B I P M )
• Consultative Committee on Time and Frequency Moon Time Task Group in 

place; Plan for recommendation on lunar time, Sept 2025; Vote Oct 2026.



Surface extracted from current Digital Elevation Maps from Lunar Reconnaissance Orbiter

L U N A R  N A V I G A T I O N  N O T I O N A L  S C E N A R I O



L U N A R  N A V I G A T I O N  N O T I O N A L  S C E N A R I O

Enabled Safe Path Planning and Execution from Point A to Point B

LNS PNT services deliver a baseline for safe navigation 
built on accurate Lunar Geodetic and Time Systems. 
Fusion with additional data sets provides resiliency. Luni-bucks

Topography Matching

Hazard Detection
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I N S I G H T S  F O R  P N T  A T  T H E  M O O N

Lunar South Pole: 2040 Vision
The Moon will serve as a proving ground for the transformational 
communications and navigation technologies needed for a 
sustained presence on the Moon, Mars, and beyond. Knowledge 
of Time is foundational to a lunar economy.

G a t e w a y
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