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Questions?
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Welcome!



Workshops in Action

• Spurred additional communication on 
topics including Logistics, Mobility, 
Power, and Comm & Nav, etc
• Adapting engagement to enable more 

industry studies in priority areas
• Changes to solicitation, procurement, 

and study approaches
• Informed development of NASA’s 

architecture-driven technology gaps and 
data gaps
• And More…
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2025 Architecture Products

January 21-22, 2026 Moon to Mars Architecture Workshops Industry and Academia | 5

2025
Architecture
Products

Architecture White Papers

1 Why Moon and Mars?  Building an Evolutionary Architecture

2 Integrated Lunar Power Considerations

3 Architecture-Driven Planetary Protection Considerations

4 Communications and Navigation Needs for Foundational Exploration

5 Architecture-Driven Data Gaps

6 Architecture Definition (update to prev. papers)

Ar
ch

ite
ct

ur
e 

D
ef

in
iti

on
 D

oc
um

en
t 

Re
vi

si
on

 C
 a

nd
 A

rc
hi

te
ct

ur
e 

U
pd

at
e



Incorporating Your Feedback: Product Revitalization
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Architecture Components Elements 
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2.3.12 Orion Spacecraft 

 
Element Description 

The Orion spacecraft serves as the primary crew vehicle for Artemis missions for transporting crew between 
Earth and lunar orbit. The vehicle can conduct regular in-space operations in conjunction with payloads 
delivered by the Space Launch System and can dock with the Human Landing System and Gateway in 
cislunar orbit. 

The Orion spacecraft includes the Crew Module, Service Module, and Launch Abort System. The Crew 
Module can transport four crew members beyond the Moon, providing a safe habitat from launch through 
landing and recovery.  

The Service Module, made up of the NASA-provided Crew Module Adapter and the ESA-provided European 
Service Module, provides support to the crew module from launch through separation prior to entry. The 
Service Module provides in-space propulsion for orbital transfer, power and thermal control, attitude 
control, and high-altitude ascent aborts. While mated with the crew module, the Service Module also 
provides water and air to support the crew.  

The Launch Abort System, positioned on a tower atop the Crew Module, can activate within milliseconds to 
propel the vehicle to safety and position the Crew Module for a safe landing. 

Implementing Program Functional Mappings 

Orion Program 
Moon to Mars Program O-ice 

Appendix B 
B.3.12 

Segments Sub-Architecture Element Icon 

   

 Human Lunar Return Foundational Exploration Transportation Systems 

Header Image: Orion captures a unique view of Earth and the Moon, seen from a camera mounted 
 on one of the spacecraft's solar arrays during the uncrewed Artemis I mission. (Credit: NASA) 

Architecture Definition Document – Element One Pager 

Sub-Architectures

Architecture Components Sub-Architectures 
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Autonomous Systems and Robotics Decomposition  

Abbreviation A 
This sub-architecture integrates the unique and complementary capabilities of humans and robotic systems 
to maximize crew eCiciency, provide needed capabilities during uncrewed mission phases, and expand 
exploration, science, and utilization opportunities across the architecture. 

Robots are not only well suited to tedious, highly repetitive, or hazardous tasks, but can also augment the 
abilities of human explorers through tailored suites of instruments or capabilities. This assistance enables 
crew to focus on higher-priority activities and improves safety without sacrificing operational eCectiveness 
or mission reach.  
Mobile robotics can also improve access to areas of scientific interest; asset handling, repositioning, and 
utilization; logistics management; and infrastructure assembly, outfitting, and maintenance. They also 
enable robotic reconnaissance (e.g., scouting, surveying, mapping, collecting samples) in advance of crewed 
missions.  

  

 
Communications and Positioning, Navigation, and Timing (C&PNT) Systems Decomposition  

Abbreviation C 
This sub-architecture enables transmission and reception of end-to-end data flows and exploitable signals 
across all exploration assets. It provides services to accurately and precisely determine current location and 
orientation; determine path to desired position; and acquire and maintain accurate and precise time from a 
coordinated lunar time standard traceable to Earth's Coordinated Universal Time. 

C&PNT sub-architecture considerations include service regions, delivery mechanisms, and user burden, as 
well as how they evolve through the segments. Additionally, minimizing manual network management and 
maximizing interoperability of C&PNT services are key considerations in establishing an architecture that 
supports many diCerent providers and users (e.g., government, commercial, scientific, international).  
The C&PNT sub-architecture and concept of operations will mature in response to user needs. Services may 
improve (e.g., with high-throughput optical and radio frequency links, autonomous network management, 
higher accuracy, increased capacity and availability, additional cislunar and lunar surface infrastructure), 
and service regions may expand beyond the lunar South Pole. Positioning, navigation, and timing (PNT) 
services may grow to realize Global Navigation Satellite System (GNSS)–like capabilities, providing extended 
regional or global services. More accurate PNT information will empower precision navigation, tracking, 
surveying, geolocation services, and temporal and spatial science. 

 

 
Data Systems and Management Decomposition  

Abbreviation D 
This sub-architecture includes capabilities that work together to manage, compute, store, secure, and 
protect data within acceptable latency constraints for use throughout the architecture. This sub-architecture 
is tightly coupled with the C&PNT, Human Systems, and Autonomous Systems and Robotics sub-
architectures and considers data interoperability and availability across the architecture. 

This sub-architecture encompasses the comprehensive framework that governs how the architecture 
manages, uses, and stores data as well as the subset of tools, models, processes, representations, and 
technologies designed to capture, store, process, and retrieve data eCiciently and securely. From small-scale 
payloads to large, complex mission sequences, eCective data management across the architecture ensures 
that NASA can derive valuable insights can be derived from raw data. 
The sub-architecture defines avionics and software systems; logical and conceptual data models using 
element-level data specifications; and relationships between elements. It addresses environment-tolerant 
avionics hardware; related software and databases; and systems that organize and maintain data. Sub-
architecture responsibilities include analyzing data handling across communications and computational 
systems to ensure eCective use of bandwidth and interoperability between current and future technologies. 

Segments

Architecture Components Segments 
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2.1.4 Humans to Mars 

 
Header Image: Conceptual illustration of an astronaut  

kneeling on the surface of the Red Planet. 
(Credit: NASA) 

 

The Humans to Mars segment will establish a human presence on Mars and empower 
new science on its surface. Since the earliest days of spaceflight, the Red Planet has 
captivated humanity. The Moon to Mars Architecture sets a course to finally step foot on 
a planet beyond humanity’s own. 

Building on previous segments, this segment will include the initial capabilities and 
systems necessary to safely travel to Mars, land on its surface, and return safely to Earth. 
After landing humans on the Red Planet, NASA will prepare for progressively longer and 
more complex missions there. 

2.1.4.1 Summary of Objectives 

The Humans to Mars segment will see the first human missions to the Red Planet to achieve the Mars-specific 
goals outlined in NASA’s Moon to Mars Objectives. These objectives include cross-cutting science and 
operations goals, as well as Mars-specific infrastructure and transportation and habitation goals. These 
objectives drive NASA’s objective decomposition for the Mars architecture. 

2.1.4.1.1 Science Objectives 
NASA’s Moon to Mars Objectives establish many science objectives that are applicable to both lunar and Mars 
exploration. Mars provides opportunities for diNerent scientific investigations than those that are possible at 
the Moon, including investigating the origins of life and the existence of past or present life elsewhere in the 
solar system (LPS-4), which cannot be addressed on the Moon. 

Element One Pagers Tech Gaps

Appendix E: Architecture-Driven Data Gaps Catalog of Data Gaps 
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E.2 Catalog of Data Gaps 

Sustained, site-specific sub-meter scale imaging of 
lunar south pole exploration zones and sites  

  

ID No. DN-001 L  
Objective LPS-01 LM, SE-05 LM, LI-03 L  
Data Type Orbit-to-Surface Imagery  

   

Gap Description Need Driver Segment 

Produce optical maps or a set of optical images of the lunar south pole 
region that can be used to identify surface features, obstacles, and 
hazards across all Artemis landing regions. These maps and images 
should be capable of supporting landing site/ellipse design, element 
placement, and surface traverse planning. Multiple images of the 
same site should be captured at varying lighting conditions and be 
higher resolution than currently available. 

Lunar Exploration Surface Site 
Characterization  

Human Lunar  
Return 

Target Measurement Parameters 

Ensure sustained availability of high spatial resolution ( <0.5 
m/pixel preferred) optical imaging of lunar south pole exploration 
regions. Additionally, the system should have suJiciently high 
temporal resolution to collect imagery under varying lighting 
conditions enabling hazard avoidance, precision landing, and 
traverse planning. Images should be taken in at least 1-week 
intervals (every 48 hours preferred) over the course of an entire 
year. 

Impacts and Benefits Current State of Data 

Impacts if Data is Unavailable No additional orbital imagery is necessary to land and conduct a 
nominal Artemis surface mission. Data collected by the Lunar 
Reconnaissance Orbiter (LRO) Lunar Reconnaissance Orbiter 
Camera (LROC) Narrow Angle Camera (NAC) over the last 15 
years is the primary data set being used to plan missions in the 
HLR and initial FE segment. The highest resolution panchromatic 
imagery of Artemis landing regions from LROC NAC is ~.5 
m/pixel. NASA has the ShadowCam instrument on board the 
Korean Pathfinder Lunar Orbiter (KPLO) which is designed to 
collect high resolution images of Permanently Shadow Regions 
(PSRs) poles, as high as 1.7 m/pixel. However, this is only in low 
light locations and thus would not provide optimal imagery of a 
lander or surface operations in illuminated lunar regions. 
Additionally, JAXA Kaguya orbiter has scanned the lunar surface 
~8-10m/pixel.  Currently in orbit, is the Indian Space Research 
Organization's (ISRO) Chandrayaan-2 Orbiter High Resolution 
Camera (OHRC) which images the lunar surface at ~.3 m/pixel at 
select areas of the lunar south pole region. 

Additional orbital imagery is not required to land and conduct a 
nominal surface mission at the lunar south pole. High resolution data 
collected by LROC NAC over the last 15 years is the primary data set 
being used to plan missions in the HLR and initial FE segment. 
However, additional optical imagery is desirable to inform surface 
element design, such as power systems, energy storage and user 
operating power especially for winter hibernation.  Lack of continued 
high-resolution data could lead to Element loss due to power failure in 
winter, unsafe landings, or mission-ending mobility hazards. 
Overcompensating for uncertainty adds prohibitive mass, while 
underestimating risks threatens survival and operational success. 

Benefits if Data is Available 

Enables longer planning safer landings, optimized surface operations, 
and more accurate traverse planning. Improves situational awareness 
and hazard avoidance, increasing confidence in mission success. 

Architecture Definition Document - Architecture-Driven Data Gaps 
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Extravehicular Activity (EVA) and Intravehicular Activity (IVA) Suit System 
Capabilities for Mars Missions  

  

ID No. 0803  
Rating 31  

Bin 4 of 6  
   

Gap Description Architecture-Driven Child Gaps 

Many new roles for humans performing EVAs, upgrades in EVA suits, and tools are an 
essential part of achieving mission success. While there are multiple options for Mars, mass 
reductions for the Mars surface suit and systems are necessary for Mars partial gravity. 
Furthermore, there is unknown material degradation due to radiation beyond LEO that future 
suits must account for. Human missions to Mars may require radical changes in the approach 
to EVA suit design. 

0803-01 Continuous CO2 removal systems for Mars surface EVA suit in Martian 
atmosphere 

0803-02 Thermal control systems for Mars surface EVA suit in non-vacuum 

0803-03 Mars surface EVA suit dust mitigation tools and systems 

0803-04 Earth-independent maintenance, reuse, and repair of Mars surface EVA 
suit 

Architecture Impacts and Benefits   

Without gap closure, Mars EVA will not be possible without new suits. Furthermore, the high 
EVA system mass will limit crew's abilities on Mars surface and could further exacerbate crew 
injury risk. Degraded performance will limit EVA time or restrict crew activity, increase system 
mass, and/or increase logistics transfer, etc. In addition, science objectives will not be met 
without adequate tool availability. 

  

  

  

Architecture Traceability 

Key Decisions Use Cases & Functions 

 MD-04 Mars Architecture Loss of Crew Risk Methodology  UC-M-101 M All FN 

 MD-10 Mars Forward Contamination Planetary Protection Risk Posture    

 MD-08 Mars Architecture Loss of Mission Risk Methodology    

 Crew Surface Mobility Strategy    

 Surface EVA Capability Strategy    

     

     

     

“✓” indicates completed decision   

Metrics 

Current State of the Art Performance Targets 

The xEMU heat rejection and CO2 removal systems are dependent 
on operating in a vacuum environment as opposed to the Martian 
atmosphere.  

Mars 

Mars spacesuits must be compatible with the surface gravity environment and the 
presence of an atmosphere. Mars spacesuits will require a diYerent CO2 removal 
technology and thermal management technology than a lunar surface suit. Further, Mars 
spacesuits must be capable of supporting TBD concepts of operation with respect to EVA 
dwell time, EVA frequency, and use life. 

  

  

Segments Sub-Architectures 

  
   

   

  Humans to Mars Mobility Systems Human Systems    

Architecture Definition Document - Architecture-Driven Technology Gaps 
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B.5.2.2 Communications and Positioning, Navigation, and Timing 

UC-A-204 L 
Determination of position, navigation, and timing by crew and assets at 
distributed sites on the lunar surface 

FN-C-202 L Provide position, navigation, and timing services at distributed sites on the near side and 
outside of the south pole region on the lunar surface 

Architecture Definition Document – Unallocated Functions by Use Case 

 

UC-A-205 L 
Crew or robotics utilization of position, navigation, and timing for accurate 
sample tracking at distributed sites on the lunar surface 

FN-C-202 L Provide position, navigation, and timing services at distributed sites on the near side and 
outside of the south pole region on the lunar surface 

Architecture Definition Document – Unallocated Functions by Use Case 

 

UC-A-206 L 
Determination of position, navigation, and timing by crew and assets at the 
far side of the lunar surface 

FN-C-203 L Provide position, navigation, and timing services at the far side and outside the south pole 
region on the lunar surface 

Architecture Definition Document – Unallocated Functions by Use Case 

 

UC-A-207 L 
Crew or robotics utilization of position, navigation, and timing for accurate 
sample tracking at the far side on the lunar surface 

FN-C-203 L Provide position, navigation, and timing services at the far side and outside the south pole 
region on the lunar surface 

Architecture Definition Document – Unallocated Functions by Use Case 

 

B.5.2.3 Data Systems and Management 

UC-D-201 L Storage and local processing of space weather data 

FN-D-103 L Collect, store, and locally distribute large volumes of data on the lunar surface suIicient to 
perform real time analysis for in situ decision making 

FN-D-104 L Collect, store, and locally distribute large volumes of data in cislunar space suIicient to 
perform real time analysis for in situ decision making 

FN-D-203 L Process large volumes of data locally on the lunar surface suIicient to perform real time 
analysis for in situ decision making 

FN-D-204 L Process large volumes of data locally in cislunar space suIicient to perform real time 
analysis for in situ decision making 

Architecture Definition Document – Unallocated Functions by Use Case 

 

Functional MappingsUnallocated Functions Element Icons Data Gaps

Appendix B: Architecture Decomposition Element Function Mappings 
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B.3.3 Exploration Ground Systems 
B.3.3.1 Human Lunar Return 

Human Lunar Return Segment 

Exploration Ground Systems 

FN-G-101 L Provide ground services on Earth 

FN-G-102 L Stack and integrate system(s) on Earth 

FN-G-103 L Manage consumables and propellant 

FN-G-104 L Enable vehicle launch(es) 

FN-G-105 L Enable multiple launch attempts for vehicle(s) 

FN-G-201 L Recover crew after Earth landing 

FN-G-202 L Recover cargo after Earth landing 

 

B.3.3.2 Foundational Exploration 
Foundational Exploration Segment 

Exploration Ground Systems 

FN-G-101 L Provide ground services on Earth 

FN-G-102 L Stack and integrate system(s) on Earth 

FN-G-103 L Manage consumables and propellant 

FN-G-104 L Enable vehicle launch(es) 

FN-G-105 L Enable multiple launch attempts for vehicle(s) 

FN-G-201 L Recover crew after Earth landing 

FN-G-202 L Recover cargo after Earth landing 

 

Architecture Components Elements 
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Icon Element/Asset Name Sub-Arch Segments Section Mapping 

 

Commercial Lunar Payload 
Services  

   
2.3.1 B.3.1 

 
Exploration EVA Systems 

   
2.3.2 B.3.2 

 
Exploration Ground Systems 

   
2.3.3 B.3.3 

 
Gateway  

   
2.3.4 B.3.4 

 Gateway Logistics Element 
   

2.3.4.1.4 B.3.4 

 
Human Landing System 

   
2.3.5 B.3.5 

 
Human-Class Delivery Lander 

 
 

 
2.3.6 B.3.6 

 
Initial Surface Habitat 

 
 

 
2.3.7 B.3.7 

 
Lunar Surface Cargo Lander 

 
 

 
2.3.8 B.3.8 

 
Lunar Terrain Vehicle 

 
 

 
2.3.9 B.3.9 

 
Lunar Utility Rover 

 
 

 
2.3.10 B.3.10 

 
Orion Spacecraft 

   
2.3.11 B.3.11 

 
Pressurized Rover 

 
 

 
2.3.12 B.3.12 

 

Space Communications and 
Navigation Networks 

   
2.3.13 B.3.13 

 
Space Launch System 

   
2.3.14 B.3.14 

   

Architecture Definition Document
Revision C
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Why Moon and Mars?

• American Leadership
• Engineering and Design
• Operations
• Human Systems
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Introduction
NASA is sending humans back to the Moon and on to Mars to achieve its three pillars of exploration: national 
posture, science, and inspiration. Achieving these goals with the architecture requires consideration of 
the progressively more challenging destinations of the Moon and Mars. 

The agency’s Moon to Mars Architecture is an evolutionary roadmap that relies upon decades of historical 
and planned scientific research and technological advancement which allows human exploration to 
address progressively more complex science and exploration. Both the Moon and Mars have science and 
technology objectives in their own right, but advancing the operational skills, techniques, and systems to 
conduct that work successfully is critical. 

This paper explores how returning to the Moon is empowering NASA to send the first humans to Mars and 
how the agency uses an incremental approach to address the massive engineering challenges of crewed 
missions to the Red Planet. 

Over 55 years ago, NASA first sent astronauts to the Moon and returned them safely to Earth.  The triumph 
and speed of the Apollo Program have left a lasting impression that planetary exploration is relatively 
easy. This is not the case. 

The Apollo program’s success[1] depended on significant government investments in the U.S. industrial 
base and iterative development of exploration capabilities. By taking a crawl-walk-run approach, NASA 
built on increasingly ambitious objectives to develop the technologies and operational experience 
necessary to land on the Moon and safely return to Earth.

This preparation and incremental development led to a historic event that set the United States’ national 
posture for decades, significantly advanced lunar and planetary science, and continues to inspire people 
around the world. Only by learning to operate in space through this crawl-walk-run approach could NASA 
achieve one of humanity’s most significant moments.

Today, as humanity sets its sights on Mars, NASA’s Artemis program is returning crews to the lunar surface 
for the first time since Apollo. In doing so, NASA builds on the success of Apollo and the International 
Space Station, taking a similarly incremental, programmatic approach with its Moon to Mars Architecture. 
This approach will maintain American leadership in space, produce immense scientific opportunities, 
and inspire people around the world.  

This paper highlights the benefits of this evolutionary approach. It examines the relative challenges of 
human exploration near Earth, on the Moon, and at Mars in terms of distance, gravity, and hazards. It 
also presents four programmatic considerations to ensuring the success of Moon to Mars exploration: 
American leadership, engineering and design, operations, and the human system. 

NASA’s Moon to Mars Architecture is an evolutionary roadmap for human exploration that achieves 
progressively more complex science and exploration objectives. Just as Mercury and Gemini laid the 
foundation for Apollo, the continued innovation in low Earth orbit and Artemis lunar campaign will 
empower parallel development and execution of the first crewed missions to the Red Planet. 

2025 Moon to Mars Architecture Concept Review 1

2025
Moon to Mars 
Architecture

Why Moon and Mars?
Building an Evolutionary Architecture

Historical Context

Programmatic Considerations

16.6% Earth Gravity
 1% Earth Mass

microgravity

microgravity

38% 
Earth 
Gravity
10% Earth Mass

Exploration Challenges by Destination

35,000,000 Miles
250,000 Miles
250 Miles

Months
Days

Hours

Seconds
Negligible

4-24 Minutes

G R A V I T Y

L I G H T - T I M E  D E L A Y

O N E - W A Y  J O U R N E Y

D I S T A N C E  F R O M  E A R T H

Building on Experience



The Lunar South Pole Region
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Lunar Lighting and Shadows
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Roving the Lunar Highlands
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Apollo 16 - April 1972



Lunar Utility
Rover Element

NEW ELEMENT
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Lunar Nuclear
Fission System

NEW ELEMENT
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ID Initial Set of Architecture-Driven Data Gaps
DN-001 L Sustained, site-specific sub-meter scale imaging of lunar south pole exploration zones and sites
DN-002 L Comprehensive, high-fidelity digital elevation map (DEM) coverage of lunar south pole exploration zones and sites
DN-003 L High-resolution, time-resolved thermal mapping of lunar south pole exploration regions and sites
DN-004 L Collection of imagery over lunar surface exploration sites to monitor impacts of human exploration
DN-005 L Optical images from lunar surface at the lunar south pole
DN-006 L Orbital observations of water ice deposits in the south polar region
DN-007 L In situ measurements of the horizontal and vertical distribution, abundance, and physical makeup of shallow bulk water ice
DN-008 L Geotechnical properties of highland regolith at the lunar south pole
DN-009 L Electrostatic properties of highland regolith at the lunar south pole
DN-010 L South polar lunar regolith elemental and mineral composition
DN-011 L In situ lunar surface plasma environment characterization
DN-012 L In situ lunar surface radiation environment measurements and space weather monitoring
DN-013 L In situ measurements of the composition, distribution, and abundance of volatiles in the near-surface lunar south pole
DN-014 L High resolution lunar rock size distribution and morphology at the lunar south pole
DN-015 L Flux and size measurements of lunar meteoroid ejecta
DN-016 L Lunar surface seismic activity characterization and monitoring
DN-017 L In situ measurement of particle velocity during lunar plume surface interaction (PSI) phenomena
DN-018 L In situ measurement of landing site alteration imaging at small scale on the lunar surface
DN-019 L In situ measurement of lunar regolith (dust) particle flux and charge
DN-001 M Geotechnical properties of Mars regolith, rocks, and bedrock at diverse geographic locations
DN-002 M Surface and subsurface water content at surface exploration sites
DN-003 M Localized and predictive Mars surface weather characterization
DN-004 M Human-scale EDL atmospheric entry environment characterization
DN-005 M In situ measurement of particle velocity during Martian plume surface interaction (PSI) phenomena
DN-006 M In situ measurement of landing site alteration imaging at small scale on Mars



Measuring Architecture Performance Over Time
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The Moon to Mars Architecture’s initial Humans to Mars 
segment will target no fewer than four (4) crew to the surface, 
with consideration for no fewer than six (6) crew to enhance 
mission capability and/or provide risk reduction.

Architecture
Definition
Outcome



Interoperability Standards

• As part of the 2025 Architecture Concept 
Review, NASA elevated three deep space 
standards to the architecture level, 
joining the communications standard 
elevated in 2024. 
• You can learn more on the architecture 

website at the link below:
https://www.nasa.gov/international-
deep-space-standards/ 

January 21-22, 2026 Moon to Mars Architecture Workshops Industry and Academia | 16
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Tips for Workshop Engagement

• NASA is not looking for passive 
participants at these workshops; 
we desire and appreciate your honest 
feedback on the evolution of NASA’s 
Moon to Mars Architecture. 
• To facilitate open conversation, NASA 

will not record sessions; nor have we 
invited media or press. However, NASA 
will take notes in all sessions to 
ensure we capture your feedback. 
• After the event, NASA will make all 

presentations available on our website at 
the link below:
https://www.nasa.gov/moontomarsarchi
tecture-architectureworkshops/ 
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What's Out of Bounds?

• The NextSTEP Appendix B Industry Day is a separate event 
with independent registration; Please hold all questions 
about Appendix B until the industry day.

o In the meantime, you can find additional information here:
https://www.nasa.gov/general/nextstep-3-b-moon-to-mars-
architecture-studies/ 

o If you have questions about registration for the industry day, you 
may reach out to the email below:
hq-nextstep3appb@mail.nasa.gov 

• Most NASA representatives may not discuss fission surface 
power system proposals during the pre-solicitation and 
solicitation periods.

o For procurement information, see the draft announcement for 
partnership proposals:
https://sam.gov/workspace/contract/opp/f653f35bd344451d99
0625943861caa0/view 

o For technical information, consult the fission power system 
technical library:
https://sam.gov/workspace/contract/opp/f0167a10dd41487c91
b3a7202a19e3b2/view 
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https://sam.gov/workspace/contract/opp/f653f35bd344451d990625943861caa0/view
https://sam.gov/workspace/contract/opp/f653f35bd344451d990625943861caa0/view
https://sam.gov/workspace/contract/opp/f0167a10dd41487c91b3a7202a19e3b2/view
https://sam.gov/workspace/contract/opp/f0167a10dd41487c91b3a7202a19e3b2/view


NASA Day of Remembrance 
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Please Join Us in a Moment of Silence to Honor our Fallen Explorers
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Industry and Academia Workshop
DAY TWO



Environmental Challenges Panel Discussion
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Foundational Surface Habitat

Lunar Terrain Vehicle

Pressurized Rover

Spacesuits & Tools

ISRU, science 
experiments, 

payloads, lunar 
infrastructure, etc.

Communication, Navigation & 
Timing

Orion

Gateway

Human Landing System

Near-term 

Mid-term 

Long-term 

Problem Description – Multilateral Interoperability

24



Interoperability Standards

• International Standards 
(International Deep Space 
Interoperability Standards)
oAvionics
oCommunications
oDocking
oECLSS
oPower
oRendezvous
oRobotics 
o Thermal
oSoftware

• Lunar Surface Specifications 
(not yet publicly available)

oCommunication
oC&DH
oE3
oLighting
oNavigation
oPower
oSoftware
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https://internationaldeepspacestandards.com/
https://internationaldeepspacestandards.com/


Implementation Challenges Panel Discussion
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MOON AND MARS EXPLORATION
Scientific exploration and operations at the Moon will help prepare for the first human missions to Mars

GATEWAY TRANSIT HABITAT
AND MARS TRANSIT

PRESSURIZED 
ROVER

HUMAN LANDING 
SYSTEM 

Mobile Expedition Duration

Mobile Exploration Range

Fission Surface Power

Long Durations in Zero Gravity

Crew Size

Autonomous Robotics Systems 
& Contingency Crew 

Transportation  

LUNAR
TERRAIN
VEHICLE 

In-Situ Resource Utilization

SURFACE
HABITAT

Partial Gravity Operations



M2M Implementation Challenges - Operations
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Production 
& 

Certification

Phase D1

Delivery 
& 

Launch

Phase D2

Operations

Phase E

Project 
Shutdown

Phase F

Final Design

Phase C

Preliminary 
Design

Phase B

Requirements 
Definition

Phase A

Formulation

Pre-Phase A

FAD 
Approval

SRR & 
SDR PDR CDR SAR FRR EOM

•Requirements 
verification
•FSW testing
•HITLs
•OOCT
•CEIT
•Training dev
•Ops product dev

•Design Ref 
Missions
•ConOps dev
• Interoperability 

stds
•Ops standards

•Level 1 req’ts
•Ground rules & 

assumptions
•GFE vs CFE 

hardware

•Crew Task 
Analyses
•Design 

Assessments
•Level 2 – 4 req’ts
•ConOps 

refinement

•HITLs
•Design Evals 

(feedback on 
req’ts)
•FSW testing

Mitigation – Balanced Engagement Prior to “Mission” 



Mars Key Definition: Number of Crew to 
Surface Decisions

Patrick Chai, David Baumann, 
Eddie Terrell
NASA
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Introduction

January 21-22, 2026 Moon to Mars Architecture Workshops Industry and Academia | 31

• 2025 Architecture Concept Review Decision
• Documented in Revision C of the Architecture Definition 

Document
• Potential Future White Paper to Provide Detail

The Moon to Mars Initial Human to Mars Segment will 
target no fewer than four (4) crew to the surface, with 

consideration for the minimum to be up to six (6) crew 
for enhanced mission capability and/or provide risk 

reduction.



Background
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• Key architecture definition identified 
with high leveraged impact on 
architecture

• Assessment process involved cross-
agency stakeholders, technical experts, 
and technical authorities

• Decision primarily driven by crew 
operation and risks, and the need for 
new paradigm



Three Key Findings
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Key Findings #1: 
Mars Mission needs a Different Paradigm: Mars distance 
induced communication delay and/or blackout forces a 
paradigm shift away from the smaller crewed missions of 
LEO / Lunar heritage

Key Findings #2:
Surface EVA is a primary driver for crew size (Buddy Rule, EVA 
Cadence, etc.)

Key Findings #3:
Crew expertise, tasking, and training, are all key drivers for 
crew time, and crew time will be extremely precious for Mars 
surface missions

EVA
Science

Ascent Rover/Habitat DescentCrew Roles: 
Pilot 
Commander
Medical Officer
Payload Specialists
…



Key Finding to Number of Crew Recommendation
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RI
SK

S

Each additional crewmember… 

• increases available crew time, but growing architectural complexity 
could diminish available crew time 

• reduces risk by spreading workload and expertise coverage and 
protecting against contingencies

Every crew will need adequate Earth-independent systems, robotic 
capabilities, and concepts of operations to account for 
communications delays preventing real time support from Earth.

2 or 3 crew are technically feasible but not 
recommended due higher risk, especially for 

extravehicular activity operations.

NASA will target no fewer than four crew to 
Mars surface for architecture development

C
O

N
SI

D
ER

AT
IO

N
S

Number of Crew

21 3 4 5 6 7 8 9+

4 to 6 crew balances opportunity, risk, and complexity, while 
offering appropriate scalability and flexibility for Earth-

independent operations with robotic/autonomous system support
7 + crew present significant architecture 
feasibility challenges for initial missions

1 crewmember cannot 
meet operational needs

3 crew needed to offer minimum 
necessary expertise and coverage for 
contingencies



Crew Health and Operation Perspective
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• Crew workload is a significant driver 
for mission success and crew safety

• Orbiting crew around Mars will affect 
surface crew size

• Even number of crew preferrable over 
odd number

• Caution on over-reliance of the 
promise of automation/AI to make up 
for smaller crew sizes

• Day 2 Topics:
o Human Systems Challenges Breakout

- 10:15am



Other Key Architecture Definitions
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The Initial Human to Mars Segment will 
be scoped to consist of more than one 
crew landing.

Established an architecture level 
methodology to evaluate crew risk 
across the vast architecture trade space. 

Additional assessment needed to evaluate the 
following options:
• Multiple short-duration missions to a single site
• Multiple short-duration missions to multiple sites
• Multiple long-duration missions to a single site



Architecture Maturation Strategy
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Summary
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Architecture 
White Papers



Architecture-Driven Data Gaps
Audrey Morris-Eckart
Deputy Manager

Science, Technology Utilization & Integration
Strategy and Architecture Office
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Data Gaps Purpose
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• Define and communicate integrated NASA 
data needs 

• Focus limited resources strategically 
o To inform payload missions

o To enable data acquisition

o To optimize asset designs

• Build knowledge base necessary to enable  
M2M Architecture and future elements 

• Characterize natural and induced 
environments, resources, terrain on surface, 
in space, in atmosphere, etc.

• Reduce risk on M2M Missions



Data Gaps Caveats
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• Incomplete initial data gap sample set to start

o Grow and refine this year

• Initial set includes high priority needs, but not in order

• Sufficient data exist to enable initial Artemis Missions 
in Human Lunar Return (HLR)

o Beyond initial missions, additional data is needed
- To enable model validation

- To reduce uncertainty

- To reduce mission risk

• Incremental progress is valuable to enable 
immediate response



Data Gaps Examples and Drivers
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Former Tech Gap ID and Title New Data Gap IDs
0602:    In-Situ Resource 
Identification, Characterization, 
and Mapping

DN-006 L, DN-007 L, DN-008 L, 
DN-010 L, DN-013 L

Technology Gap Replaced with Data Gaps



Data Gaps Definition
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Information that can be used 
to generate data products that 
can be acquired (or currently 
exists but may not satisfy the 

needs of stakeholders)

DATA AVAILABLE

A Data Need that is not 
satisfied by available 
information, requiring 
the acquisition of new 

or improved data

DATA GAP

DATA GAP

Target Measurement Parameters
Defines Measurable Goals for Data Providers

Impact and Benefits
Defines Value of Closing Gap to Stakeholders

KNOWLEDGE DECOMPOSITION 
Needs Traced from Objectives

Information, such as a specific 
measurement, that has value 
to Artemis and Moon to Mars 

activities through enabling the 
advancement of science, 

technology, utilization, 
exploration, or operationsDATA NEED

STAKEHOLDER INPUTS



Example of Data Gap details in ADD Rev C, Appendix E
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• Section 3.3 Initial Architecture-Driven Data Gaps
o Summarizes the methodology and purpose

• Appendix E
o List of Data Gaps and defines attribute details for each gap

- ADD Rev C Includes 25 initial Data Gaps

• Built from rigorous systems engineering principles which 
were also used to define technology gaps
o All fields defined by integrated input of stakeholders/SMEs

o Traced to NASA Blueprint Objectives & categorized by drivers

o Specific Target Measurement Parameters

o Context provided in Impacts and Benefits

o Snapshot of Current State of the Data

o Solution-agnostic

o A single data collection solution can contribute to multiple gaps



Data Gaps Strategic Impacts
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Data gained will help

oPerform architecture analyses

oCharacterize and reduce mission risk

oDevelop optimized hardware 

oMature necessary technology 

oAdvance science objectives

oSupport space exploration



January 21-22, 2026 Moon to Mars Architecture Workshops Industry and Academia | 46January 21-22, 2026 Moon to Mars Architecture Workshops Industry and Academia | 46

Data Gaps
Roundtable

Audrey 
Morris-Eckart

NASA

Debra
Needham

NASA

Kristen 
John
NASA

Kristina 
Gibbs

NASA-SSERVI

Tim 
Crain

Intuitive Machines



Initial Lunar Data Gaps List in Rev C of ADD, Appendix E
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ID Data Type Lunar Data Gap Title
DN-001 L Orbit-to-Surface Imagery Sustained, site-specific sub-meter scale imaging of lunar south pole exploration zones and sites
DN-002 L Remote Sensing Comprehensive, high-fidelity digital elevation map (DEM) coverage of lunar south pole exploration zones and sites
DN-003 L Remote Sensing High-resolution, time-resolved thermal mapping of lunar south pole exploration regions and sites
DN-004 L Orbit-to-Surface Monitoring Collection of imagery over lunar surface exploration sites to monitor impacts of human exploration
DN-005 L Surface-to-Surface Imagery Optical images from lunar surface at the lunar south pole
DN-006 L Remote Sensing Orbital observations of water ice deposits in the south polar region
DN-007 L In Situ Measurement In situ measurements of the horizontal and vertical distribution, abundance, and physical makeup of shallow bulk water ice
DN-008 L In Situ Measurement/Sample Return Geotechnical properties of highland regolith at the lunar south pole
DN-009 L In Situ Measurement Electrostatic properties of highland regolith at the lunar south pole
DN-010 L In Situ Measurement/Sample Return South polar lunar regolith elemental and mineral composition
DN-011 L In Situ Measurement In situ lunar surface plasma environment characterization
DN-012 L In Situ Monitoring In situ lunar surface radiation environment measurements and space weather monitoring
DN-013 L In Situ Measurement In situ measurements of the composition, distribution, and abundance of volatiles in the near-surface lunar south pole
DN-014 L In Situ Measurement High-resolution lunar rock size distribution and morphology at the lunar south pole
DN-015 L In Situ Measurement Flux and size measurements of lunar meteoroid ejecta
DN-016 L In Situ Measurement Lunar surface seismic activity characterization and monitoring
DN-017 L In Situ Measurement In situ measurement of particle velocity during lunar plume surface interaction (PSI) phenomena
DN-018 L In Situ Measurement In situ measurement of landing site alteration imaging at small scale on the lunar surface
DN-019 L In Situ Measurement In situ measurement of lunar regolith (dust) particle flux and charge

High priority, but not in priority order



Initial Mars Data Gaps List in Rev C of ADD, Appendix E
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ID Data Type Mars Data Gap Title
DN-001 M In Situ Measurement Geotechnical properties of Mars regolith, rocks, and bedrock at diverse geographic locations
DN-002 M In Situ Measurement Surface and subsurface water content at surface exploration sites
DN-003 M In Situ Measurement Localized and predictive Mars surface weather characterization
DN-004 M In Situ Measurement Human-scale EDL atmospheric entry environment characterization
DN-005 M In Situ Measurement In situ measurement of particle velocity during Martian plume surface interaction (PSI) phenomena
DN-006 M In Situ Measurement In situ measurement of landing site alteration imaging at small scale on Mars



Sample Return Panel Discussion

January 21-22, 2026 Moon to Mars Architecture Workshops Industry and Academia | 49



Sample Return
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