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A whole new world:  
View of Earth from the South Pole

Items to note:
Å Illumination on surface
Å Low sun angle and EarthɅs 

shadow casts long shadows 
on the surface

Å Earth only a few degrees 
above the moonɅs horizon,

Å Short time in ground station 
view

Å Perspective from the South 
Pole causes Earth to be view 
upside down, rotating 
backward

Å Sun orbits from right to left

Image/video Credit:  https://svs.gsfc.nasa.gov/5228/

EarthɅs
path

EarthɅs shadow

ÅSimulation ɀEarth 
spinning/ moving quickly 
ɀone pass shows a 
portion of lunar month 
w/Earth in view ~14.6 
days long



Evolution of Assets to the Lunar Surface and Cislunar drives Communication and Navigation

Early South Pole Robotic Landings
Science and Technology payloads delivered 
by Commercial Lunar Payload Services 
providers

Volatiles Investigating Polar 
Exploration Rover
First mobility-enhanced lunar 
volatiles survey

Uncrewed HLS 
Demonstration

Lunar South Pole Region

Lunar  Small Sats
Orbiting Relay Nodes

Lunar  Science 
Satellites

Lunar Landing System
Humanlanding 
systems

Lunar Mobility
Lunar terrain vehicle

Astronaut 
Extra-vehicular activity 

Artemis
Human habitats

Lunar Landing System
Human landing
system

Lunar Surface 
Networks

Lunar Mobility
Pressurized lunar 
vehicle
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Commercial Lunar Payload 
Services (CLPS)

Power and 
Communication

Ɏ plus Science, ϥnternational Missions, 
and Commercial Missions
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2022-pres
NHRO

Aug 2022

Nov 2022
Uncrewflyby

Feb 2024
CLPS

Jan 2024
CLPS

CLPS ςCommercial Lunar Payload Service

Current launch dates later than shown
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Architecture Definition Document 

Revision A (ADD Rev-A)

White Papers

https://www.nasa.gov/moontomarsarchitecture/

M2M Architecture Highlights

ÅThe Moon-to-Mars Architecture Definition 
Document is a NASA-published reference 
document that presents the current state of the 
human spaceflight architecture and exploration 
strategy.

o Decomposes Moon to Mars objectives into 
functions and use cases for allocation to 
implementable programs and projects.

o It includes current partnerships present in the 
architecture, identifies architectural gaps, and 
presents opportunities for further collaboration.

o It is NOT a mission definition document, a 
planning manifest, or a procurement strategy.

o The current version was published March 2024. 

o NASA plans to publish yearly updates to the 
Architecture Definition Document, 

https://ntrs.nasa.gov/api/citations/20230002706/downloads/M2MADD_ESDMD-001(TP-20230002706).pdf
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M2M Sub -Architectures

Å Moon-to-Mars 
Architecture consists 
of sub-architectures -
a task, technology, or 
process that NASA 
must master to 
achieve the Moon to 
Mars objectives.

Not pictured:
Å In-situ Resource Utilization 

(ISRU) Systems
Å Autonomous Systems
Å and Robotics
Å Data Systems and 

Management
Å Infrastructure Support

Ref:  Moon to Mars Architecture Executive Overview
https://www.nasa.gov/moontomarsarchitecture/
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Use Only7

M2M White Papers provide additional 
context on Moon to Mars Architecture 
development activities and associated 
analyses

CPNT Use Cases
ÅCrew voice and data communications.
Å Video for scientific data collection, public 

outreach, and crew safety.
Å Science data
Å Telerobotics

Communication Paths
ÅDirect-to-Earth
Å Lunar relays
Å Surface network
ÅGateway

PNT
ÅRadiometric from Earth
ÅLunar Relay ñGPS-likeò signal
Å Lunar Time Reference

M2M CPNT Sub -Architecture Highlights

https://www.nasa.gov/wp-content/uploads/2024/01/lunar-communications-and-navigation-architecture.pdf?emrc=f1a91a
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Communications and Navigation Infrastructure

NATIONAL INFRASTRUCTURE: NASA SCaN-led 

communications and navigation infrastructure capable 
of scaling to support long term science and 
exploration

ÅMoon-to-Earth
ÅOrbital
ÅLunar surface

Commercial/International Partnerships

INTEROPERABILITY: Interoperable lunar 
infrastructure.  U.S., industry, and 
international partners can maintain 
continuous robotic and human presence with 
NASA as a customer of commercial services.

Use of international Comm/Nav Standards:

APPROACH DRIVEN BY:

ÁEarth independence

ÁRobustness, resilience

ÁMulti-asset surface ops 

ÁLunar robotics autonomy

ÁHighly dynamic scenarios 

(e.g., landing, rendezvous 

/ proximity operations)

International Partners

SCaNςSpace Communications and Navigation Program
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Space Communications and Navigation (SCaN): Plan for 
Cislunar Infrastructure

Lunar Relay and
Interoperable Lunar 
Network

NSN 20-Meter Antenna 
Subnet Development
(LEGS)

DSN 34-Meter 
Antenna Upgrades

ÁUpgrades to Deep Space Network (DSN) antennas at 

each of the three complexes

ÁSimultaneous operation ïS+Ka-band or X+Ka-band

ÁIncreased data rates ï>100 Mbps downlink/Ka-band

ÁRelays critical to remove Direct-to-Earth (DTE) line-of-

sight comm constraint

ÁInitial relay deployment aimed at South Pole and Far-Side

ÁCommunication, Networking and PNT services

ÁCommercial service procurement approach 

ÁA dedicated set of antennas designed for lunar missions.

ÁHelp alleviate the operations load on the DSN

ÁThree sites around the Earth for continuous coverage

ÁCommercial services to add capacity as demand grows

Relay

South
Pole

Earth
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Future Capabilities Under Study to Meet Growing Needs

Å4G/5G cellular technology for a robust lunar surface network 

Infrastructure that is scalableto meet long-term needs

ÅEnables surface comm and aggregates data for transition to backhaul

L u n a r  N a v i g a t i o n  S e r v i c e s

S u r f a c e  W i r e l e s s  C o m m u n i c a t i o n s

L u n a r  O p t i c a l  C o m m u n i c a t i o n s

Åά[ƛƪŜ Dt{Σ ōǳǘ ŀǘκŦƻǊ ǘƘŜ aƻƻƴέ

ÅSupport near term needs for surface positioning and  HLS (Human 

Landing System), logistics, etc. landing

ÅLong-term support of complex surface ops, Search and Rescue (SAR), 

situational awareness, prediction and avoidance

ÅOptical communications between Earth and Moon

ÅProvides High-rate link, data aggregation and relieves spectrum pressure

10
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Surface communication studies 
currently underway (* Note - Figure 
references Apollo 17 traverses for range 

comparisons)

Use of 4G/5G terrestrial cellular 
standards could provide for long 
range, multi-user surface network for 
EVA, science payloads, 
habs/vehicles/logistics

.

White paper discusses analysis of 
applying terrestrial cellular standards 
(3GPP - 3rd Generation Partnership 
Project) to lunar surface ï5G 
network on the lunar surface (* Note ï

WiFi ranges vary by versions)

e Only11

Lunar Surface Network based on 5G Cellular Standards
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SURFACE TECHNOLOGY CHALLENGES

12

In-Situ Resource Utilization

Sustainable 

Power

Extreme Access

Extreme Environments

Surface 

Excavation/Construction
Lunar Dust Mitigation

ÅIn-situ resource utilization technologies for 

collecting, processing, storing, and using material 

found or manufactured on the Moon

ÅSurface power technologies that provide the 

capability for sustainable, continuous power 

throughout the lunar day and night

ÅDust mitigation technologies that diminish dust 

hazards on lunar surface systems such as cameras, 

solar panels, space suits, and instrumentation

ÅExtreme environment technologies that enable 

systems to operate throughout the range of lunar 

surface temperatures

ÅExcavation and construction technologies that 

enable affordable, autonomous manufacturing or 

construction

ÅSurface communications signal propagation 

compensation to optimize communications across the 

lunar surface

. 



Ground Stations

In Space Assets

Lunar Surface Assets

ÅDSN assets heavily used by 
SMD missions for science and 
exploration in Mars and Deep 
Space
ÅCreates contention for 

resources

ÅEach ground asset has 
lunar visibility 1/3 time
ÅAdditional ground assets 

needed for backup/ 
resiliency

ÅLarge number of 
assets and 
network nodes a 
challenge

ÅDiscussions  underway for support
ÅInteroperable asset 

ÅCommercial services 
ÅAssets should have an 
ŀǊǊŀȅ ƻŦ ƻǘƘŜǊ ǳǎŜǊǎΧ

Χ

ΧΧ

ÅSmallSats

Crewed Missions and Lunar Exploration 

LCRNS ςLunar Communications Relay and Navigation Service


