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“A program of scientific exploration can be constructed this 
decade whereby science enables human exploration and 

human exploration enables science.” 
From Origins, Worlds, and Life: A Decadal Strategy for Planetary Science and Astrobiology (2023-2032)
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Over 400 participants at NASA KSC and online (June 2022). Photo captures in-person attendees. 
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Workshop Key Takeaways
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• Future science decadal surveys should consider use of human exploration 
capabilities as viable options for meeting decadal-level science objectives. The 
Hubble Space Telescope (HST) is a shining example!

• While the lunar surface environment is challenging, with dust contamination and 
maintaining a far-side radio quiet zone being the major concerns, no showstoppers 
to using the Moon as a platform for science observatories were identified.

• To enable in-space servicing, assembly, and manufacturing, design of future 
observatories or instruments deployed on the lunar surface should follow the 
HST model, where standards are followed to make them astronaut friendly 
(e.g., standard bolt sizes, easily accessible avionics, avoidance of sharp edges).

• To ensure safety of the crew on prolonged missions, early environmental 
testing should be conducted for life support system tolerances and hardware 
exposure impacts during initial Artemis missions. 

• To ensure Artemis sustainability, the Science Mission Directorate (SMD) and the 
Exploration Systems Development Mission Directorate (ESDMD) should 
collaboratively identify mission requirements beyond Artemis IV to accomplish 
decadal-level science via human exploration missions. 

Lunar Crater Radio Telescope Concept

Astronauts Servicing HST
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The Moon: 
A Platform for Unique Scientific Discoveries

Realizing use of the Moon as a platform for science will require high-priority 
science and mission endorsements from future decadal surveys.



7

First View of the Earth from the Moon 

Far ultraviolet image of the Earth taken from the lunar surface 
during Apollo 16 by John Young and Charles Duke

First lunar telescope (PI: George Carruthers) 

President Barack Obama 
presented Dr. Carruthers 
with the National Medal of 
Technology and Innovation 
in 2013.
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©	2022	California	Institute	of	Technology.	Government	sponsorship	acknowledged.	

Herschel

No data on this region of 
the Universe!
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Nobel Prizes in Cosmology

A. Penzias, R. Wilson (1978)
“Discovery of CMBR”

James Peebles (2019)
“Theoretical discoveries 
in physical cosmology”

S. Perlmutter, B. Schmidt, A. Riess (2011)
”Discovery of the accelerating expansion
of the Universe through observations of

distant supernovae."

©	2022	California	Institute	of	Technology.	Government	sponsorship	acknowledged.	

J. Mather, G. Smoot, (2006)
“Discovery of anisotropy in CMBR”

No data on this region of 
the Universe!
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Arecibo Observatory (1963-2000)

Lunar Crater Radio Telescope Concept (2030s?)

• 5- to 50-MHz radio frequency poorly explored.
• Radio telescope on the far side of the Moon allows

observation in this band (Moon physically shields from
Earth’s noise).

• When built, has the potential to be the largest radio
telescope in the solar system!

Next Generation Radio Observatory from the Moon

The National Science Foundation announced last week that it will not be rebuilding the 
observatory.
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Engineering Challenges and Risk Mitigation 
Strategies

While the lunar surface environment is challenging, with dust contamination and maintaining a 
far-side radio quiet zone being the major concerns, no showstoppers to using the Moon as a 

platform for science observatories were identified.
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Lunar Challenges Examined

• Dust and charging
• Communication and navigation
• Preserving the radio-quiet 

environment of the Moon
• Extreme thermal environment
• Power generation and storage
• Lighting and worksite design



13

Dust Mitigation Solutions

Architectural & Operational solutions:
§ Suitports
§ Severable airlocks
§ Mud-rooms
§ Porches
§ Landing Site Selection
§ Prepared Landing Pad
§ Optimized EVA and traverse planning

§ Passive technology solutions:

§ HEPA filters

§ Cyclone separators

§ Softwalls

§ Low-energy surface coatings

§ Coveralls/aprons

§ Dust tarps

§ Brushes

§ Tape

§ Wipes

§ Active technology solutions:

§ Electrostatics

§ Compressed air

§ Vacuums

§ Electrodynamic dust shield

Architectural 
Solutions

Operational 
Solutions

Passive 
Technologies

Active Technologies
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Communication and Navigation
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Maintaining the Radio-quiet Environment 
on the Far Side

• Radio-frequency interference (RFI) can corrupt 
science measurements.

• Difficult to correct or compensate.
• Radio astronomy is particularly sensitive to RFI.

• Frequencies of scientific interest are lower than 
typically used for spacecraft communication.

• Major concern in maintaining is broadband 
emitters (i.e., switching circuits, motors, and 
digital noise from computers).

• Maintaining the shielded zone of the Moon 
(SZM) requires standards and international 
cooperation.
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Maximum Lunar 
Temperatures

Minimum Lunar 
Temperatures

Thermal technologies for surviving extreme lunar 
environment 
• Advanced radiators
• Thermal switching devices
• Active heating
• Thermal storage (passive heating)
• Insulation

Extreme Thermal Environment
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Power Generation and Storage Technologies

• Solar cells
• Solar panels
• Solar arrays
• Radioisotope power systems
• Fission power systems
• Regenerative fuel cells
• Rechargeable batteries
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“Man, that Sun is bright!”
– Pete Conrad, Apollo 12, EVA1

v Ambient lighting on the Moon too bright 
for extravehicular activity (EVA) 
operations …and too dark.

v Considerations for people and robots:
v Work envelope
v Visual envelope
v Reach envelope
v Tool (end effector) envelope
v “Grasp” interface
v Other human and robotic needs

Lighting and Worksite Design 
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Synergy Between Human and Robotic Exploration

To enable servicing, design of future observatories or instruments deployed on the lunar 
surface should follow the HST and International Space Station (ISS) models, where 

standards are followed to make them astronaut friendly for servicing. 



Human/Robotic Lunar Science 
Exploration in the Artemis Era

• The combination of robotic and astronaut capabilities, especially when 
working together, offers the opportunity to expand the scientific 
utilization of the Moon to include heliophysics, Earth observation, and 
astrophysics.

• Expect increased human and robotic surface cooperation.

• The 2023-2032 Planetary Decadal Survey notes that a robust science 
program provides the motivating rationale for sustained human 
exploration.

• Workshop concurs that NASA’s organizational structure should 
incorporate science into human exploration (with proactive planning 
and objectives, not reactive).

• How do I plan for a lunar worksite?
• Design for standard EVA and robotic interfaces – NASA-STD-3001 

articulates many of the standards for suited and unsuited crew 
members for reach, visibility, and other capabilities.

• Design for servicing and maintenance - to enable servicing on the 
Moon, follow the HST and ISS models to make them astronaut friendly 
for servicing (e.g., standard bolt sizes, easily accessible electronics 
cards, avoidance of sharp edges).

• Human assembly of scientific instruments or observatories on the 
lunar surface should focus on items that cannot be affordably and 
technically implemented by robots.
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• Leverage Artemis era infrastructure - infrastructure 
essential for EVAs in the Artemis era should include a 
home base that provides crew habitat, consumables 
recharge station, high-bandwidth communication relays, 
and rapid Earth return for safety.

• Science mission development, operations, maintenance, and 
servicing should take advantage of all NASA assets. Don’t 
stovepipe!

• To avoid costly and potentially hazardous designs, systems 
engineering for both science payloads and exploration 
capabilities must bridge the HQ mission directorate 
stovepipes.

• Include international and interagency partnerships to 
achieve science objectives.

• European Space Agency (ESA) interest in lunar far-side low-
frequency radio telescope array.

• Department of Energy Office of High Energy Physics desire to 
address questions involving the early Universe—dark matter, 
dark energy, and cosmic inflation.

…opportunities for breakthrough-level decadal 
science!

Leveraging Artemis Era Infrastructure



22

• Proposed Artemis mission requirements for 
sustained scientific exploration

• The merging of science and human exploration 
presents a unique challenge compared with the 
typical manner in which robotic science missions 
are formulated.

• For Artemis IV and beyond, the science 
requirements need to be captured with an up-front 
Science Definition Team (SDT) process for both 
large strategic observatories and more modest 
“Explorer class” competed opportunities.

• Delivery of scientific payloads to the lunar 
surface in the late 2020s and beyond may 
require larger down-mass and volumes than 
the current CLPS capabilities.

• Planning future requirements for CLPS 2.0 based 
on possible scientific investigations should begin 
now to prepare for future decadal surveys (i.e., 
Astro2030 and Planetary 2032).

Sustainable Lunar Exploration 



Draft Objectives (May 2022)

Revised Objectives Unveiled at IAC 
(September 2022)

NASA’s Moon to Mars Objectives

23



24

Final Thoughts: 
Sustainability of the Artemis Era

• Beyond Artemis IV, the SMD and the ESDMD 
should continue to be empowered to 
collaboratively define mission requirements to 
accomplish decadal-level science via human 
exploration missions. 

• To enable servicing, design of future 
observatories or instruments deployed on 
the lunar surface should follow the HST and 
ISS models, where standards are followed to 
make them astronaut friendly for servicing.

HST and ISS are shining examples of sustainability when science and human exploration programs work together.

The ISS as a platform for 
science experiments 
(2010-2030)

Moon as a platform for 
science experiments 
(2030+)

HST 1990-
present



25
https://www.nasa.gov/sites/default/files/atoms/files/techup_2022_web_2page.pdf




