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NASA Organizational Chart
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C hief En gl neer Note: NASA Administrator may delegate direct reports to the Deputy Administrator at
his/her discretion.

Deputy Administrator designated as Chief Acquisition Officer (CAO).
2NOJMO oversees the Jet Propulsion Laboratory (JPL) contract.
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Exploration Systems Development

Office of the Associate Administrator

Strategy and Architecture Office Moon to Mars Program Office ESDMD Business Office
NASA Headquarters * NASA Headquarters NASA Headquarters

Moon to Mars Programs
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Mars Campaign Office
NASA Headquarters
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NASA’s Johnson Space Center
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Systems Engineering and Integration
NASA Headquarters

XEVA and Human Surface Mobility Program
NASA’s Johnson Space Center

Exploration Operations
NASA’s Johnson Space Center

Orion Program
NASA’s Johnson Space Center

Program Planning and Control Office
NASA Headquarters

Space Launch System Program
NASA’s Marshall Space Flight Center

Exploration Ground Systems

NASA’s Kennedy Space Center




Why We Explore...

Accepting audacious
challenges motivates current
and future generations to
contribute to our voyage
deeper into space.

Advance Science
and Technology

Exploration Priorities

Economy
Climate
Leadership

Human Condition

STEM Careers
Global Influence

Preserve Humanity

International

Cultural Enrichment Relationships

Investigations in deep
space, on the Moon, and on
Mars will enhance our
understanding of the
universe and our place init.

What is done, how it's
accomplished, and who
participates affect our
world, quality of life, and
humanity’s future.
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Historical Context

~N
We need an objective-based Limited

approach. Funding
. . . . Received

We must think strategically with resilience

and flexibility in mind and enhance our

communications to better achieve unity of D:>

purpose

' We’ve been on a 30+ year roller-coaster ride for
Moon to Mars development

. We’ve experienced widespread stress and anxiety
in the wake of Constellation cancellation

Attempts to “stick with the plan”
behind the scenes

* [|nitially, prioritized and prepared for more fruitful days
. A capability-based approach does not fully * Led to decentralized efforts

support a long-term strategy to Mars * Overtime, lose clarity on overall plan
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Moon to Mars Objectives

NASA’s Moon to Mars Objectives document a systems
engineering approach to crewed deep space
exploration.

In contrast to a capabilities-based approach, an
objectives-based approach focuses on the big picture,
the “what” and “why,” before prescribing the “how.”

The methodology for the Moon to Mars Objectives is
guided by five inter-related principles:

| Objectives-based
’ B oach Constancy of Purpose
Enhanced Communication .
Unity of Purpose
and Engagement

|
et

Architect from the Right
Execute from the Left

vg.
<
O
@)
-
r~
@
<
D)
-
0p)
®,
(=)
D
@)
=
<
D
0p)
6




Architecture Overview

Objectives and Strategy

RECURRING TENETS

NASA'S

MOON TO MARS
STRATEGY AND
OBJECTIVES
DEVELOPMENT

TRANSPORTATION

SCIENGE AND HABITATION

LUNAR AND MARS
INFRASTRUCTURE

OPERATIONS

An Evolutionary Architecture Process
Formulating an Exploration Strategy Based on Objectives

B PRODUCT B PRODUCT
REVIEW DEVELOPMENT REVIEW

B ARCHITECTURE B ARCHITECTURE B ARCHITECTURE B ARCHITECTURE DEFINITION M ARCHITECTURE
DEFINITION DOCUMENT CONCEPT REVIEW CONFIRMATION DOCUMENT EXPANSION CONCEPT REVIEW
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Architecting from the Right
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Strategy and Architecture Office (SAQ) M
. oon to Mars
lllustration of the Architecture . .
deF:omp03|t|on of objectives Organized by segments and sub-architectures in the Architecture o b] eCt IVES
using NASA’s process of Definition Document (ADD) to group similar features and express the
i i i rogression of capabilities over time.
architecting from the right. prog P Agency Level

)
SEGMENTS ’

e G Z Characteristics Objectives
& Needs & Goals

Program Level

. Operations executed to
DeSIgn Refe rence produce desired needs

MiSSiOI’]S/COnOpS and/or characteristics.

"sUOISSIW 8oUsIB)eY

Features, activities, and Leadership defines

capabilities necessary blueprint vision for the

to satisfy the goals and Moon to Mars
objectives. endeavor.

SUB-ARCHITECTURES

Functions

Actions an architecture

Elements / performs to complete a
Requirements desired use case.



Decomposition of Objectives

Objectives
& Goals
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Example decomposition of two
characteristics and needs into their
associated use cases and functions.

Defining Terms

Architecture: The unified structure that defines a system,
providing rules, guidelines, and constraints for constituent
parts and establishing how they fit and work together.

Characteristics and Needs: Features, activities, and
capabilities necessary to satisfy goals and objectives.

Use Case: An operation that would be executed to meet
desired characteristics and needs.

Function: One of the actions necessary to satisfy a use case.

The process of “architecting from the right” decomposes Moon to Mars Objectives

into element functions and mission use cases. This establishes the relationship of

executing programs and projects to the driving goals and objectives.



Requirements Flow Down
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Architecture Components
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Segments are portions of the architecture that Sub-Architectures are a group of tightly coupled Elements are notional
integrate sub-architectures and progressively elements, functions, and capabilities that work exploration systems that 11

increase in complexity and objective satisfaction. togetherto accomplish one or more objectives. enable a set of functions.



Partner Pre-formulation Process

Exploration Systems Development Mission Directorate
000000000000

Element Initiation (El) Mission Concept Review (MCR) Acquisition Strategy Meeting:
Overt decision to proceed with Evaluates feasibility of proposed mission Transition from SAO to M2MPO for implementation, completion
maturation of concept assessed for concept(s) and its fulfillment of architecture of project roles and responsibilities leading to Implementing
priority, budget, and strategy needs and objectives. Arrangement (lA) or contr.acting process (e.g., RFP)

M2M ACR
Obj.

Arch. Studies Gap Analysis/Concept Mission /Concept Trades Acquisition Plan M2M Program Int.

- ADD
International

Partners

Studies Partner Pre-Phase A/B Partner Integration
M N t N2 . MCR O 3 )
Studies Industry BAA, RFl, etc.

Industry
Partners

Feasibility studies and collaboration identify potential concept. Collaboration Partner
- Document(s) c

e Mission refinement to optimize for strategic value and functional Strategy and Architecture Office (SAO) 12
achievement, using study mechanisms to better inform planning. y

e Feedback incorporated into architecture products as milestones occur. Moon to Mars Program Office (M2MPO)

‘ NASA Milestone




Fictional Decomposition

Presented for lllustrative Purposes Only

é )
Decomposition of

imaginary objective

Characteristics & Needs Moon to Mars Objectives

Creature Comforts
Goal: Furnish human explorers with

CC-1tM
“Develop system(s) that
enable crew to make hot

coffee drinks in habitable

surface volumes.”
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Heat water Heat water
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F-X02-L F-X01-L
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Steam milk

J

Hold coffee grounds

m

Brew coffee

Lunar Milk Steamer

mm

-. Use
-. Cases

. - - . - - Program Office

Functions

BB BB Requirements

Implement systems to brew coffee
Earth-analogous conveniences in space.

Develop system(s) that enable crew to
make hot coffee drinks in habitable
surface volumes.

Provide capabilities for steaming dairy
and non-dairy milks

Provide capabilities to deliver system(s)
from Earth to the lunar surface

Provide capabilities to unload cargo
from delivery system(s)

a Characteristics and needs associated with the delivery of the
coffee systems and associated consumables to habitable
volumes on the lunar surface are met by existing elements
already instantiated within the architecture.

Function F-X01-L and F-X02-L are shared by use cases UC-X01-L
and UC-X02-L and the elements that fulfill them. However,
implementation of functions may look different for each element.

NASA maps elements to the use cases and functions they fulfill
and documented in the agency’s Architecture Definition
Document. The Moon to Mars Program Office develops
requirements for and manages implementation of elements.

Objectives
& Goals

- Characteristics
- & Needs




Lunar Coffee Maker Element

Implementation by International Partner - Presented for Illustrative Purposes Only
000000000000

NASA and international NASA and international After iterating, NASA and the The U.S. and the international
partner discuss architectural partner execute a bi-lateral international partner conduct partner nation sign an
gap identified in the study agreement for a partner- mission concept reviews for implementing arrangement,
Architecture Definition developed lunar coffee maker the lunar coffee maker proceeding to formulation and
document at Moon to Mars concept. concept. implementation.
Architecture Workshops. I

L

Arch. Studies 1 Gap Analysis/Concept Mission /Concept Trades Acquisition Plan M2M Program Int.
ADD

International

Partner Pre-Phase A/B Partner Integration
Partner

- Document(s) Collaboration Partner

Strategy and Architecture Office (SAO) 14
NASA Milestone

Moon to Mars Program Office (M2MPO)



Lunar Milk Steamer Element

Implemented by Industry - Presented for Illustrative Purposes Only
000000000000

While examining the lunar milk NASA issues a request for After considering industry The element transitions to
steamer trade space, the information (RFI) seeking approaches, NASA conducts a formulation, competitive
agency decides to seek industry approaches to a lunar mission concept review for a industry selection through a
industry concepts for milk steamer element. concept that would close the NASA procurement, and
consideration. capability gap. implementation.

M2M
Obj.

Acquisition Plan M2M Program Int.

Arch. Studies .1 Gap Analysis/Concept Mission /Concept Trades
ADD

Industry

Studies Industry BAA, RFI, etc. MCR RFP
Partner

- Document(s) Collaboration Partner
. Strategy and Architecture Office (SAO) 15
NASA Milestone

Moon to Mars Program Office (M2MPO)




Concept Maturity Mapped to Process

For Fictional/lllustrative Lunar Coffee Maker Element
000000000000

Area of Partner Interest

In-Space Food Systems
Architectural Gap
Provide coffee to

lunar astronauts

Lunar Coffee
Maker Element

. . Espresso French Drip Espresso Espresso Espresso
Associated Sub-Architectures Machine Press Coffee Concept 1 Concept 2 Concept 3
Joint Capability Studies Element Definition Pre-Phase A
Examine the trade space Establish best solution to fulfil the Select concept for formulation;
while developing concepts. architecture needs within partner and prepare for mission concept review.
Human Habitation Logistics system constraints
Systems Systems Systems

®
Arch. Studies Gap Analysis/Concept Mission /Concept Trades
Partner Pre-Phase A/B
Industry BAA, RFI, etc.
Collaboration Partner
- Document(s) _

Strategy and Architecture Office (SAO) 16
NASA Milestone

Moon to Mars Program Office (M2MPO)



Logistics and Mobility Studies

Request for
Proposals

NASA is asking U.S. industry to submit innovative
architecture solutions that could help the agency
land and move cargo on the lunar surface during

future Artemis missions.

https://www.nasa.gov/general/nasa-seeks-innovative-artemis-lunar-logistics-mobility-solutions/

white paper

Associated White Papers:

* Lunar Logistics Drivers and Needs
* Lunar Mobility Drivers and Needs
* Lunar Surface Cargo
www.hasa.gov/architecture




Architecture Products

Moon to Mars Architecture White Papers
‘ Title and Link
ACR24 Lunar Surface Cargo
ACR24 Lunar Mobility Drivers and Needs
ACR23 Lunar Communications and Navigation Architecture
ACR23 Lunar Site Selection
ACR23 Analytical Capabilities In-situ vs. Returned
ACR23 Safe and Precise Landing at Lunar Sites
| both [EEENel:VX] Surface Extravehicular Activity Architectural Drivers
e MOO'.\ to Mars | both | ACR23 Lunar Logistics Drivers and Needs
MOON TO MARS Architecture | mars | ACR23 Mars Communications Disruption and Delay
ARCHITECTURE DEFINITIO i P ACR23 Mars Mission Abort Considerations
m ACR23 Mars Surface Power Generation
m ACR23 Key Mars Architecture Decisions
m ACR23 Round-Trip Mars Mission Mass Challenges
NASA will pUblISh new revisions of the | mars | ACR23 Human Health and Performance for Mars Missions
Architecture Definition Document m ACR23 Exploration Less.ons Lear'ned from the Space Station
m ACR22 Systems Analysis of Architecture Drivers
and Executive Summary later this ACR22  Why NRHO: The Artemis Orbit
month alongside a new batch of ACR22 Why Artemis Wil‘l Focus on'the Lunar South Pole Region
. . ACR22 Gateway: The Cislunar Springboard
Architecture White Pa pers! _ ACR22 Mars-Forward Capabilities to be Tested at the Moon
| mars | ACR22 Mars Transportation

Moon to Mars

Architecture Website

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



https://www.nasa.gov/wp-content/uploads/2024/06/acr24-lunar-surface-cargo.pdf?emrc=641f61
https://www.nasa.gov/wp-content/uploads/2024/06/acr24-lunar-mobility-drivers-and-needs.pdf?emrc=b2dafa
https://www.nasa.gov/wp-content/uploads/2024/01/lunar-communications-and-navigation-architecture.pdf?emrc=f1a91a
https://www.nasa.gov/wp-content/uploads/2024/01/lunar-site-selection.pdf?emrc=3bc525
https://www.nasa.gov/wp-content/uploads/2024/01/analytical-capabilities-in-situ-versus-mass-of-returned-lunar-samples.pdf?emrc=430791
https://www.nasa.gov/wp-content/uploads/2024/01/safe-and-precise-landing-at-lunar-sites.pdf?emrc=cb66a8
https://www.nasa.gov/wp-content/uploads/2024/01/surface-eva-architectural-drivers.pdf?emrc=1b5505
https://www.nasa.gov/wp-content/uploads/2024/01/lunar-logistics-drivers-and-needs.pdf?emrc=6bdbf4
https://www.nasa.gov/wp-content/uploads/2024/01/mars-communications-disruption-and-delay.pdf?emrc=1adf04
https://www.nasa.gov/wp-content/uploads/2024/01/mars-mission-abort-considerations.pdf?emrc=a46442
https://www.nasa.gov/wp-content/uploads/2024/01/mars-surface-power-generation-challenges-and-considerations.pdf?emrc=383a7b
https://www.nasa.gov/wp-content/uploads/2024/01/key-mars-architecture-decisions.pdf?emrc=d2385f
https://www.nasa.gov/wp-content/uploads/2024/01/round-trip-mars-mission-mass-challenges.pdf?emrc=c0d7c4
https://www.nasa.gov/wp-content/uploads/2024/01/human-health-and-performance.pdf?emrc=ba0f7b
https://www.nasa.gov/wp-content/uploads/2024/01/exploration-lessons-from-the-international-space-station.pdf?emrc=ed685d
https://www.nasa.gov/wp-content/uploads/2023/10/acr22-wp-systems-analysis-of-architecture-drivers.pdf?emrc=a0171a
https://www.nasa.gov/wp-content/uploads/2023/10/acr22-wp-why-nrho-the-artemis-orbit.pdf?emrc=e22f5e
https://www.nasa.gov/wp-content/uploads/2023/10/acr22-wp-why-lunar-south-polar-region.pdf?emrc=ced2ac
https://www.nasa.gov/wp-content/uploads/2023/10/acr22-wp-gateway-the-cislunar-springboard.pdf?emrc=5a0843
https://www.nasa.gov/wp-content/uploads/2023/10/acr22-wp-mars-forward-capabilities-at-the-moon-0.pdf?emrc=0b4791
https://www.nasa.gov/wp-content/uploads/2023/10/acr22-wp-mars-transportation.pdf?emrc=1a6c54

National Aeronautics and
Space Administration

i\lujoud Merancy

Deputy Associate Administrator

Strategy and Architecture Office
Exploration Systems Development Mission Directorate

December 13, 2024
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