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Overview of LunaNet Perspectives; 
Time & Reference Systems Application



To ensure PNT on the Moon, developing standards is essential.
Currently, several reference frames are considered for the Moon, 
and 2 commonly used systems, which is PA (Principal Axis) and 
ME (Mean Earth), have a difference of about 860m.[3]

Coordinate positions for each location in PA and ME [2]

524m 
difference
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Importance of Reference Frame

Location of the measurement devices on each mission [1]
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LunaNet Perspectives on Reference Frames

LunaNet is working on a standardization document called LNIS 
(LunaNet Interoperability Specification).
The AD5 of LNIS will describe the interoperability of lunar 
reference frames that can be used in LunaNet.

LunaNet Overview [4]
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Reference Systems and Reference Frames; Long term

Inertial System Fixed System Reference Frame
The Earth GCRS (Geocentric 

Celestial Reference 
System)

ITRS (International 
Terrestrial Reference 
System)

ITRF (International 
Terrestrial Reference 
Frame)

The Moon LCRS (Lunar Celestial 
Reference System)

ILRS (International Lunar 
Reference System)?

Short term: PA, ME
Long term: ILRF 
(International Lunar 
Reference Frame)?

The long-term perspective of LunaNet is to adopt reference 
systems/frames generated with the contribution of the whole 
scientific community under the auspices of official international 
organizations.
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LunaNet Perspectives on Reference Frames; Short term

• To focus on the PNT perspective, LunaNet recommends PA in 
the short term for the LunaNet radio navigation systems.

• Reason 1: ME is derived from PA. [2]

• Reason 2: PA is more easily applied to other celestial bodies.

PA ME
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LunaNet Perspectives on Reference Frames ; Short term

• In general, the most likely scenario is that users can employ 
either ME or PA with clarifying the frame in use.

• This is because ME has been widely employed in the past 
scientific studies and mappings and it is easy to ensure 
consistency and compatibility with historical data sets.
The IAU/IAG WG recommended ME for cartographic applications.

• The experience of SLIM’s operation demonstrated combined use 
of PA and ME.

Map of the Moon according to the ME system using DE421 [5]

SLIM landed on the Moon in 2024 [6]
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Future Discussion

Why do the current PA realizations show discrepancies at 1m-
level on the Moon surface (DE vs INPOP)?

How can we strengthen the international scientific collaboration?

Would it be possible for the established working groups          
(e.g. IAG 1.1.3) to provide an endorsement for a given PA 
realization (as the IERS selects the official terrestrial reference 
frame among 3 available realizations)?  
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Future Initiatives

International communities like IAG (International Association of 
Geodesy) and IAU (International Astronomical Union) are going 
to work on standardization.
WG for several topics initiated their activities in IAG.

1. PA and ME statement

2. Accuracy of the lunar  
reference frames

3. Interoperability / 
compatibility between 
Lunar and Earth 
frames
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Summary
• To ensure PNT on the Moon, developing standards is essential.
• Currently, several reference frames are considered.
• LunaNet is working on AD5 of LNIS and it will describe the 

interoperability of lunar reference frames that can be used in LunaNet.
• To focus on the PNT perspective, LunaNet recommends PA in the 

short term for radio navigation.
• In general, the most likely scenario is that users can employ either ME 

or PA with clarifying the frame in use.
• The long-term perspective of LunaNet is to adopt reference 

systems/frames generated with the whole scientific community under 
international organizations.

Thank you for your attention.
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