
 
 

 
  

   

   

 
 

   

Moon to Mars 
Architecture 
Process Overview 

Nujoud Merancy
Exploration Systems Development
Mission Directorate 
NASA Headquarters, Washington, D.C. 

Walt Engelund
Space Technology Mission Directorate
NASA Headquarters, Washington, D.C. 

www.nasa.gov 

NASA Architecture Concept Review 2022 

www.nasa.gov


  
     

    
   

    
  

  
     

 

     
     

 
  

     
    

  

 
  

   
    

 
   

 

   

   

What we choose to do, 
challenges and succeeding how we do those things, 
through perseverance and and who we do them with 

tenacity in the face of greatly impacts our place 
adversity motivates current in the world today, our 

and future generations to quality of life, and our 
dare mighty things. possibilities for the future. 

Investigations in deep 
space, on the Moon, and Benefits to 
on Mars will enhance our 
understanding of the 
solar system, Earth, the Humanity 
human body, and how to 
perform new operations 

Why We Explore while we are out there 
exploring. 

Accepting audacious 
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Who, What, When, Where, Why, and How? 



  
  

   
   

 

  
   

   

   

ACR 22 White Papers 

Systems Analysis 
of Architecture 

Drivers 

Why NRHO: The
Artemis Orbit 

Gateway: The 
Cislunar 

Springboard 

Why Artemis Will 
Focus on the Lunar 
South Polar Region 

Mars 
Transportation 

Mars Forward 
Capabilities to Be 
Tested at the Moon 



Key Components of the Approach

Component Rationale Implementation

Traceability Decomposition of Blueprint Objectives to Characteristics & Needs
executing Architecture elements Use Cases/ Functions

Architecture Organizational construct to ensure Sub-Architectures
Framework system/element relationships are Campaign Segments

understood and gaps can be identified

Process & Clear communication and review ADD
Products integration paths for stakeholders Strategic Analysis Cycle

Arch. Concept Reviews
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Architecting from the Right 

The Architecture process requires a decomposition of Moon to Mars Objectives to 
element functions and mission use cases to complete the process of “architecting from the right.” 

This establishes the relationship of executing programs and projects to the driving goals and objectives.   
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Example
Objective

Decomposition

 
 

Example of the full distillation of the
objectives into lunar-specific Use Cases,
Functions, and Elements for the Human
Lunar Return segment using one of 12
Transportation and Habitation Objectives.
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Architecture Framework 

A group of tightly-coupled systems, 
functions, and capabilities that 
perform together to accomplish 
architecture objectives.

Ex: Transportation Systems: Contain 
common functions (e.g. RPOD) & need to 
ensure end-to-end allocation for crew 
transport from Earth to destinations to safe 
return

Sub-Architectures

Segments
A portion of the architecture, identified by one or more notional missions or integrated use 
cases, illustrating the interaction, relationships, and connections of the sub-architectures 
through progressively increasing operational complexity and objective satisfaction.

Ex: Human Lunar Return integrated use case similar to current Artemis IV operations
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Architecture Iteration Process

1

1. Objectives decomposition 
to Use Cases & Functions

2. Element allocations and 
traceability performed 
to initial Segment (HLR)

3. Program requirements & 
ConOps implement 
allocated architecture 
needs

4. Unallocated functions 
(gaps) re-enter SAC 
process

5. SAC trades and analysis 
identify element solutions 
or definition of new 
program/projects

6. Definition of next segment 
and included elements 
begins

7. Repeat



Initial Sub-Architectures
• Traceability of element relationships across multiple 

contributing architecture sources (Mission 
Directorates, Intl. Partners, etc.)

• Evolvable through trades & assessments
— Human Systems: added to address several ADD 

comments & will refine in ACR23
— Potential for more to be refined with integrated 

discussion (e.g. Command & Data Handling, ISRU 
& construction scope, ground systems incl. EGS) 
(SAC23 Task)

• Utilization is defined as the use of the platform, 
campaign and/or mission to conduct science, 
research, test and evaluation, public outreach, 
education, and industrialization.
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Reference Missions - HLR
3.1.3.1 Crewed Initial Lunar Surface Reference Mission
• Transporting crew and systems from Earth to cislunar space
• Staging crewed lunar surface missions from cislunar space
• Assembling integrated assets in cislunar space
• Transporting crew and systems between cislunar space and the lunar surface
• Returning crew and systems from cislunar space to Earth
• Crew operations on the lunar surface
• Frequent crew EVA on the surface
• Crew conducting utilization activities on the surface.
• Additional science, utilization, crew health and performance, and operations are also 

envisioned

3.1.3.2 Crewed Gateway and Lunar Surface Reference Mission
• Crew conducts utilization activities in cislunar space
• Enable ground personnel and science teams to directly engage with crew on the surface and 

in lunar orbit - augmenting the crew’s effectiveness at conducting science activities
• Enables crew and/or robotic emplacement and set-up of science instrumentation in lunar orbit 

with long-term remote operation
• Autonomous/semi-autonomous mission operations in cislunar space
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Foundational Exploration Segment Overview
Formally allocate functions at element Mission Concept Review (MCR), 
include in ADD at the following ACR
3.2.3.1 Sortie Reference Mission with Unpressurized Mobility
• Crew excursions
• Robotic assistance of crew exploration
• Locating samples and resources, and retrieval of samples
• Crewed/robotic collection of samples from PSRs
• Deployment of power generation, storage, and distribution systems

3.2.3.2 Sortie Reference Mission with Pressurized Mobility
• Scientific and industrial utilization
• Developing surface habitation systems
• Perform Mars risk reduction activities
• Pressurized mobility systems
• Crew IVA research
• Expanded durations for crew operations on the lunar surface
• Crew excursions to locations distributed around the landing sit
• EVA egress/ingress
• Crew relocation and exploration in a shirtsleeve environment.

Additional missions will be refined and updated thru 
the SAC process:
• 3.2.3.3 Robotic Uncrewed Operations
• 3.2.3.4 Cislunar Operations at Gateway
• 3.2.3.5 Extended Surface Habitation Operations
• 3.2.3.6 Non-Polar Lunar Sortie Reference Mission
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