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Space systems and operations

Title

Chair's Advisory Group

Terminology task force

STRAG - Reference Architecture Advisory Group
Design engineering and production

System requirements, verification and validation, interfaces,
integration, and test

Operations and support systems

Space environment (natural and artificial)

Space System Program Management and Quality
Materials and processes

Orbital Debris Working Group
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Service Location
Server Client
Downstream space service Space Terrestrial
Upstream space service Terrestrial Space
In-space service Space Space
¥4% In-space
service
Terrestrial
surface Upstream

Space service --- service using space segment as part of system

space service

Space-based application --- application using space service
Downstream space service --- space service to direct to terrestrial surface from space for end users
Downstream space-based application --- space-based application using downstream space service

In this document,

terrestrial is an antonym of celestial
and includes land, maritime,
aeronautical, and near space which
is close to the surface.
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(example 1)

(example 2)

(example 3)

(example 4)

(example 5)

Space service n°1
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ISO/TC 20/SC 14/WG8
Downstream space services and space-based applications*

Space weather
downstream
applications and
effects

Communication
using space
systems

PNT/GNSS Remote sensing/

Earth observation

Space-based
application

Space-based
application

Hybrid space-based application

Hybrid space-based application
i

Hybrid space-based application

Space service n° 2 Space service n°3 Space service n° 4

* for Land, Maritime, Aeronautical, Space domains
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Space systems for the Quality of Life
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Infrastructure PNT, RS, Utility (Water/Elec/
Gas), Transport(Bus/Rail/etc), GIS

Entity Government, Carriers, Corporate
(IT/Construction/Insurance), NGO, Residents

Infrastructure PNT, RS, Utility(Water/Elec/
Gas), Transport(Bus/Rail/etc), GIS

Entity Government, Carriers, Corporate (IT/
Construction/Insurance), NGO, Residents

Infrastructure PNT, RS, Transport,
Utility(Water/Elec/Gas), GIS

Entity: Government/Police, Carriers,
Corporate(IT), Residents

Sustainable

Development

.o Health
OO Daily life
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Infrastructure PN, RS, Utility(Water/Elec/Gas),
Shelter, GIS

Entity Government/Police/Rescue, Carriers, Medical,
Corporate(IT/Construction), NGO, Residents
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EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20502

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

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

This memorandum outlines the Biden-Harris 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 planning and policies with this memorandum.

The approach to establish time standards consists of the definition, 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 Universal Time (UTC);?

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

Scalability to space environments beyond the Earth-Moon system

o100 I et

Federal agencies will develop celestial time standardization with an initial focus on the lunar surface and
missions operating in Cislunar space, with sufficient traceability to support missions to other celestial
bodies.
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Concluding remarks

Terms corresponding to the potentials of the Earth and Moon
and definitions of the geoid and selenoid:

Terms corresponding to the speeds of the Earth and Moon
w.r.t. the Earth-Moon center of mass frame:

[f the appropriate terms are not accounted correctly, results in

incorret estimates of rate offsets:

Tidal corrections are of the order of :

Corrections due to Lorentz contraction:

GM, ¢, GM,, o
" Dez 2’ D 2
A DFfE [T ithEk KU
RARA 1857 4 sB<ED
22 " 22 (BEALINELN=)

~ 58.7 us, ~ 57.0 ps, ~ 56.5 ps

~ less than 10 ns.

~ less than 10 ps.

ZZ X #k: Bijunath R. Patra and Neil Ashby, Clocks on the Moon and in CIS—lunar space: lessons from GPS,
64th CGSIC, Baltimore, September, 2024

11



] DEFRIDFRE(2) Space

o
N
=
11
S

Concluding remarks

A freely falling coordinate system may be used to accurately estimate the Moon's rate offsets from the Earth’s geoid.

Using the above, establishing a coordinate time for the Moon 1s very similar to establishing a coordinate time (also
known as GPS time) for the Earth.

This framework can be extended to compute rate offsets of other celestial bodies in the solar system and Lagrange

points (cislunar space). \
B ORI, HhEKDEFRE
FI#RICHE TES,
NFMDREDLSTT S0V R
ICBICFHATE S,
ADRREELEERREZRTET S
\_ ZNzxklT5, .

Efforts to establish a reference frame and a reference time are continuing.

ZZ X #k: Bijunath R. Patra and Neil Ashby, Clocks on the Moon and in CIS—lunar space: lessons from GPS,
64th CGSIC, Baltimore, September, 2024 12
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LunaNet $£#£ NASA/ESA/JAXA

Explore &

@ Catherine G. Manning

FEB 08, 2023

(R) ARTICLE

000

CONTENTS

Version 4 (current version)

Draft Version 5 (for review)

News & Events v Multimedia v NASA+ [LIvE

LunaNet Interoperability
Specification

The purpose of the LunaNet Interoperability Specification (LNIS) is to define a framework of
mutually agreed-upon standards to be applied by users and service providers in a cooperative
network supporting missions on and around the Moon. The framework would apply to
communication transmission services for science, exploration and commercial operations,
distribution of navigation and timing references, and sharing of information such as space
weather alerts. These standards can be introduced as part of upcoming missions to and around
the Moon and can accommodate expansion as new commercial and government users and
service providers join in an open and evolving architecture. The standards are intended to he
compatible with other space communications standards established to date, but are focused on
lunar operations, and in particular future lunar communications relay and navigation
capabilities.

The development of the LunaNet Interoperability Specification has been a collaboration
between NASA and the European Space Agency (ESA). As the specification is refined and new
versions are produced, the effort will continue to seek input from the broad community of
potential commercial service providers, lunar mission users, and other space agencies.
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LunaNet 2% NASA/ESA/JAXA

Version 4 (current version)

Version 4 (current version)
Draft Version 5 (for review) The LunaNet Interoperability Specification-Version 4 was published online on September 12,

2022 and can be found at the link below.

LunaNet Interoperabilty Specification — Version 4

Draft Version 5 (for review)

A proposed update to the LNIS has been produced and is available at the link below. There will
be a period for review and feedback from the international industry and government community
before a new LNIS Version 5 is finalized.

Any commercial and government entities that wish to submit comments, questions, or
suggestions may do so using the form provided below. We request that these inputs be
submitted before the end of November 2023.

NASA and ESA will also be conducting reviews with potential mission users and other internal
organizations, service providers, the Interagency Operations Advisory Group (I0AG), and
the Consultative Committee for Space Data Systems (CCSDS).

LMIS Draft Version b, and a draft applicable document (AD1) can be found at the links below:

* LunaNet Interoperability Specification Draft Version 5

Those wishing to submit questions, comments, or suggestions can do so using the spreadsheet
template below and sending it as an attachment via email.

[#2 LNIS Review Draft Version 5 Comment Form

Please submit all inputs no later than November 30, 2023.

Space Communications and Navigation Program (SCaN) @
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(PAR)
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(ME%)

Retroreflectors

DE440 PA Frame (m)

DE421 MER Frame (m)

Apollo 11

Apollo 14

Apollo 15

Lunokhod 2

Lunokhod 1

1591967.049
690698.573
21004461
1652689.369
—520998.431
—109729.869
1554678.104
98094 .498
765005.863
1339363.598
801870.995
756359.260
1114291.452
—781299.273
1076059.049

1591747.649

20398.110
1652818.682
—520454.587
—110361.165
1554937.504
08604.886
764412.810
1339388.213
802310.527
755849.393
[114958.865
—780934.127
1075632.692
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