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Retroreflectors DE440 PA Frame (m) DE421 MER Frame (m)
Apollo 11 1591967.049 524 m@% 1591747.649
690698.573 < > 691222.200
21004 461 20398.110
Apollo 14 1652689.369 16528 18.682
—520998.431 —520454.587
—109729.869 —110361.165
Apollo 15 1554678.104 1554937.504
98094 498 98604.886
765005.863 764412.810
Lunokhod 2 1339363.598 1339388.213
801870.995 802310.527
756359.260 755849.393
Lunokhod 1 1114291.452 1114958.865
—781299.273 —780934.127
1076059.049 1075632.692
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« NASA, ESA, JAXA®D 3& . LNIS (LunaNet Interoperability

Speaﬂcahon)tb\
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o LNISOBERANZADS(C(E. LunaNetCT{EHTEAIHRBER EIFRD
HE R Z ST,

Lunar Comm.
Relay and
Navigation

System
(LCRNS)

NASA’s instantiation of LunaNet
Services— a LunaNet Service
Provider (LNSP)

Currently scoped for Initial
Operating Capability

For interoperable and safe
navigation, LunalNet systems
shall use the Lunar Reference
System (LRS). LunaNet

Qunar 4 ’ Interoperabllity Spec defines an
P ApplicableiDocument 5 (AD5)
8 Nagagten to define anlinteroperable LRS

Satellite
System &lstinar Time System set with

k.
Interoperability defined in a specification.

b (LNSS) e.g. other orbitingigystems, associated criteria (e.g.
Moonlight 3GPP.(surface cell'towers), tolerances).

A canonically defined
. set of components for

instantiation o f" conS|stent and accurate

LunaNet
Services

ESA'’s instantiation of
LunaNet Services

LunaNetDOBIE [6]
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EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20502

December 18, 2024

MEMORANDUM FOR DEPARTMENTS AND AGENCIES PARTICIPATING IN THE WHITE
HOUSE CISLUNAR TECHNOLOGY STRATEGY INTERAGENCY WORKING GROUP

FROM: uah Prot—o

Arati Prabhakar, Assistant to the President for Science and Technology and
Director, White House Office of Science and Technology Policy

SUBJECT:  Policy on Standardization of Lunar Reference Systems in Support of the National
Cislunar Science & Technology Strategy

This memorandum outlines the Biden-Hamris Administration’s policy on the establishment of reference
systems at the Moon to advance the National Cislunar Science & Technology Strategy.' The Office of
Science and Technology Policy (OSTP) advises federal departments and agencies to align their planning
and policies with this memorandum.

The Moon represents the first step in human exploration of the solar system. This approach to reference
systems at the Moon will serve as a template for other celestial bodies. Reference systems provide a
definition by which position and direction can be expressed. Operations in Cishmar space” require
multiple reference sy and transformations between each. This essential set of reference systems and
transformations should be fully defined in international standards and include:

Abody-fixed reference system centered at the Moon,

An inertial reference system centered at the Moon,

Transformations between the lunar body-fixed and inertial reference systems (i.e., orientation
parameters and ephemerides), and

4. Traceability to Earth’s body-fixed and inertial reference systems.

b i

A shared understanding of reference systems at the Moon is essential for safe navigation, scientific
discovery. and commercial activity, just as it is at Earth. Space situational awareness, for example, relies
on the ability to unambiguously describe the positions of all crewed and uncrewed vehicles, regardless of
operator. Scientific investigations may require spatial alignment of data from multiple instruments or the
ability to clearly communicate a site of interest to astronauts.

Lunar navigation relies on a diverse array of measurements, including unar surface landmarks. radio
navigation signals, and the arrangement of stars. Without standard reference systems, uncertainties in the

! National Sc)ence and Technology Council, 2022, “National Cishmar Science and Technology Strategy.”
https-//wwwwhitel goviwp. ‘upload “0” 11/11-2022-NSTC-National-Cishmar-ST-Stratezy.pdf

? For the purposes of this document, Cishmar space 1s defined as the three-dimensional volume of space bayond
Earth’s geosynchronous orbit that 15 mainly under the gravitation mfluence of the Earth and/or the Moon. Cishumar
space includes the Earth-Moon Lagrange pomt regions. trajectories utilizing those regions, and the Lunar surface.
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« IAG (International Association of Geodesy)Y2IAU (International

Astronomical Union) &L\ D ZEFREUATDIRETHIEA TV FIE,
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International Association of Geodesy

¥4 Commission 1 - Reference Frames

COMMISSION 1 = IAG « LINKS =

'1
I

JWG 1.1.3: Lunar reference frames (joint with 1aU)

Chair: Agnés Fienga (France)

Terms of Reference

Recently, several organizations have established plans to visit the Moon for exploration and science. These led to the
recognition that updated localization standards for both surface and orbital activities at the Moon are needed and
should therefore be a priority for operations leading to exploration. The objective of this WG is to address the issues of
the connection between Celestial, Earth and Lunar Reference Frames for the future missions in coordination with the
IAG, IAU, and IERS and to formulate recommendations regarding the definition, the realization, and the dissemination
of Lunar Reference Systems, across agencies and user communities. Experience acquired with the establishment of
the Earth Reference Frame (ITRF, GCRF) will serve as the foundation for this task. The work of this group will be
connected with on-going Lunanet International interoperability standardization work being performed by NASA,

ESA and JAXA.

Objectives
The group will work towards identifying areas or fields, including models, methodologies, and instruments necessitating

enhancement to align with the requirements of forthcoming lunar surface and orbital activities. It will also assess the
consistency between time reference definition as provided by other institutions and space reference frame definition. It
will recommend directions for improvements and assemble specific recommendations for users and future IERS
conventions.

1. PA and ME statement

2. Accuracy of the lunar
reference frames

3. Interoperabillity /
compatibility between
Lunar and Earth
frames

11
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EXECUTIVE OFFICE OF THE PRESIDENT

g T 74 5z OFFICE OF SCIENCE AND TECHNOLOGY POLICY
XN WASHINGTOM, D.C. 20502
R

April 2. 2024

MEMORANDUM FOR DEPARTMENTS AND AGENCIES PARTICIPATING IN THE WHITE
HOUSE CISLUNAR TECHNOLGY STRATEGY INTERAGENCY WORKING GROUP

FROM: Arati Prabhakar, Assistant to the President for Science and Technology and
Director, Office of Science and Technology Policy

SUBJECT: Policy on Celestial Time Standardization in Support of the National Cislunar
Science and Technology (S&T) Strategy

This memorandum outlines the Biden-Harns Administration’s policy to establish time standards at and
around celestial bodies other than Earth to advance the National Cislunar S&T Strategy.! OSTP directs
federal departments and agencies to align their planming and policies with this memorandum.

The approach to establish time standards consists of the defimtion, development, and implementation of a
distinct reference time at each celestial body and its surrounding space environment. Each new time
standard developed will include the following features:

Traceability to Coordinated Unmiversal Time (LTC)

Aceuracy sufficient to support precision navigation and science;
Resilience to loss of contact with Earth; and

Scalability to space environments beyond the Earth-Moon system

S

Federal agencies will develop celestial time standardization with an initial focus on the lunar surface and

missions operating 1n Cislunar space, with sufficient traceability to support mussions to other celestial
bodies.

NASA will. in coordination with the Departments of Commerce, Defense. State, and Transportation,
provide a finalized strategy to the Executive Office of the President to implement lunar timing
standardization no later than December 31, 2026. NASA will also include consideration of Coordinated
Lunar Time (LTC). as described in this memorandum. as part of 1ts annual Moon-to-Iars Architecture
Concept Review cycle no later than December 31, 2024 These tasks will be supported and informed by
the National Cislunar S&T sub-Interagency Working Group, co-led by NASA and the National Space
Council, and focused on Objective 4 of the National Cislunar S&T Strategy:

13
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UTC (Coordinated Universal Time)
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