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Key Mars Architecture Decisions
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Architecture Segments

Human Lunar Foundational
Return Exploration

Initial capabilities, systems, and Expansion of lunar capabilities, systems,
operations necessary to re-establish and operations supporting complex orbital
human presence and initial utilization on and surface missions to conduct
and around the Moon. utilization and Mars forward precursor
missions.
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Sustained Lunar
Evolution

Enabling capabilities, systems, and
operations to support regional and global
utilization, economic opportunity, and a
steady cadence of human presence on and
around the Moon.

Initial capabilities, systems, and
operations necessary to establish human
presence and initial utilization on Mars
and continued exploration.




To send Humans to Mars...

WE NEED TO MOVE BEYOND STUDIES...
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.AND START MAKING DECISIONS
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Decision Space Modeling

NASA is developing a decision modeling
process and tools.

* Preliminary analysis identified nearly 100 key
architecture decisions.

 NASAIs currently refining the catalog of needed
decisions and modeling in a decision trade
space that maps linkages between decisions.

Seven key decisions recommended for
priority analysis in the 2024 analysis cycle.
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Decision Time Criticality

EVERY DECISION WILL GET MADE.
NOT EVERY DECISION CAN BE MADE FIRST.
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I\/Iodellng precedence relationships helps sort

the full catalog of decisions by time criticality.

RORITY DEgyg Sty

ROAD TO MARS
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Mars Priority Architecture Decisions

e WHY e
55 WEWILL 6O
g=s MARS SCIENCE NUMBER OF CREW TO
22 PRIORITIES MARS VICINITY WHEN
— WE WILL GO
WHAT
WE WILL DO THERE
INITIALHUMANMARS [ INITIAL HUMAN MARS NUMBER OF CREW TO WHO

WILL BE INVOLVED

SEGMENT CADENCE SEGMENT TARGET STATE MARS SURFACE
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Candidate Key Mars Architecture Decision

wrsscence | Ocience Priorities for Initial Human Mars Segment
PRIORITIES

Needed Decision Outcome:
Identify the highest science
priorities for the initial human
Mars segment

— Includes both planetary and
biological science priorities
Context: Picking where before
considering why may force us
to revisit our how decisions

‘decisions, not how (implementation)
ecisions — but they can anchor the how
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Candidate Key Mars Architecture Decision

nmacumanmaes  INItlal Human Mars Segment Target State
SEGMENT TARGET STATE

Needed Decision Outcome: What
IS the target state ("vision") for the
Initial human Mars segment?

— Science missions to different
sites, excursions from an established base
at one site, or something else?

Context: Segment scope should
focus on the target state, not just a

first mission

— Apollo focused on getting to the Moon and
back, so architecture wasn’t suited for ARSI e s e
more crew, longer stays, larger exploration Chesley Bonestell, The Exploration of Mars, 1953, oil on board.
radii. or ambitious infrastructure (Chesley Bonestell, Smithsonian Institution)
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Candidate Key Mars Architecture Decision

INITIAL HUMAN MARS
SEGMENT CADENCE

Needed Decision Outcome:
What is the cadence of missions
for the initial human Mars
segment?

Context: Initial Mars Segment
Target State key decision will
establish the segment scope
— How many unique missions (including
robotic precursors, cargo, and

demonstrations) are necessary to
achieve desired scope?
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Lunar Reconnaissance
N . Orbiter: Continued
v

7 5% surface and landing
site investigation
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Artemis |: First
human spacecraft
to the Moon in the
21st century

Science and technology payloads delivered by
Commercial Lunar Payload Services providers

Artemis II: First humans

Initial Human Mars Segment Mission Cadence

&

to orbit the Moon and

in the 21st century

First mobility-enhanced lunar volatiles

Gateway begins science operations
with launch of Power and Propulsion
rendezvous in deep space  Element and Habitation and
Logistics Outpost

survey
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Artemis 1lI-V: Deep space crew
missions;cislunar buildup and initial
crew demonstration landing with

Human Landing System
E_;l

b

First crew expedition to the lunar surface

LUNAR SOUTH POLE TARGET SITE
What does a Mars-equivalent campaign look like?




Candidate Key Mars Architecture Decision

Mars Architecture Loss of Crew (LOC) Risk Posture

Needed Decision Outcome: Define probability LOC risk
posture for a Mars mission.

Context: Human spaceflight programs typically develop
an understanding of the overall LOC risk for the candidate

operations and define a minimum level of acceptable risk
(.e., safety threshold) for the mission.
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Candidate Key Decision

wweerorceewts. Crew Complement to Mars Surface per Crewed Mission
MARS SURFACE

Needed Decision Outcome: How many crew will
descend and land on the Mars surface per crewed
mission?

— Minimum number for first mission and upper limitfor subsequent
missions in the initial segment

— Note that number of crew to surface is not necessarily the same as
number of crew to Mars vicinity

Context: Crew complement is the most common study
constraint across all architectures and elements, with
iImplications for virtually every crewed element, plus
logistics and operations.
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Candidate Key Mars Architecture Decision

wweerorcewn. Crew Complement to Mars Vicinity per Mission
MARS VICINITY

Needed Decision Outcome: How many crew will travel to

Mars vicinity per crewed mission?
— Minimum number for first mission and upper limitfor subsequent missions
— Note that number of crew to surface is not necessarily the same as
number of crew to Mars vicinity
Context: Crew complement is the most common study
constraint across all architectures and elements, with
Implications for transit and Earth launch/land vehicles.
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Candidate Key Mars Architecture Decision
Mars Primary Surface Power Generation Technology

Decision Outcome Needed:
Select primary surface power
generation technology.

Context: Extensive robotic lf;——- = SurfaceEég‘ngr'?jjh“r',‘g‘{fgayr @
mission experience has made |
clear that reliable surface
power is mission critical in
Mars’ challenging environment.
Primary power source selected
will be a scalability driver for
human Mars missions.

Example of Non-Nuclear
Surface Power Technology ¢ '»
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Key Take-Aways

The order in
which key
decisions are
made heavily
influences
exploration
architectures.

Every decisionis
important, but not
every decision can
be first.

NASA endeavors to
identify a logical
order for decision
making by modeling
the decision trade
space for human
Mars exploration.

Methodology allows
decision makers to
understand the
integrated impacts of
each individual
decision on the
overarching
architecture.

Application of the
new process and
tools resulted in
seven key Mars
architecture
decisions to focus
on in the current
analysis cycle.

These decisions .
affect every -
subsequent =
decision.

Mars serves as a
test case for this
approach.

Lessons will inform
future decisions for
the Moon and
subsequent
exploration.

As architecture
decisions are
made, updates
will be reflected in
NASAs Moon to
Mars
Architecture
Definition
Document.

The Architecture
Definition
Document is
updated annually.
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White Paper

Key Mars
Architecture Decisions

As noted in the 2022 Architecture Concept
Review Systems Analysis of Architecture Drivers
white paper, exploration architectures are
heavily influenced by the order in which driving
questions are answered. Decisions in one part
af the architecture will ripple through other
parts of the architecture and beyond, often in
ways that are not intuitively obuious.

Making one key decision before fully
understanding the cascading impacts of that
decision across the end-c-end architecture
can limit the architecture’s flaxibility or wtility.
The essential question is: of all the important
decisians to be made, which should be decided
first?

The practical wtilty of this appraach is ta
understand which dedisions lay in cal
path of athers. Tomake good chaices, itis critical
%o visualize and manage ths complex web of
interrelated decisions and their flow-down
impacts. This approach allows for deliberate
and infarmed progress.

Ensuring the flow-down impacts of far-reaching
decisions are carefully traced, assessed, and
hed will help NASA make Lasting decisions

a critical factor in the effort as once these and
ather priority decisions are made they have
lasting impact an the architecture. Subsequent
changes will be costly in both time and money
given the long timelines for development of
new human capabilities {5 to 15 years, similar
o aircraft).

This white paper describes the Initial set of
human Mars decisions that the agency has
identified as high-priority architectural drivers.

A “key' architecture decision is defined as

decision whose outcame so profoundly
mfluencec:heantm ecture that it requires very
level review. For example, deciding how
many crew members an architecture

Natioral aronsice ang
s Admnistraion

must accommadate influences virtually every
aspect of the architecture. It requires high-level
consideration and consensus between multiple
programs and projects.

An example at the other end of the spectrum
is deciding handrail color or style. Even though
e decision may affect many elements, itis best
categorized as an engineering decision that will
nat require the same level of scrutiny.

NASA architecture teams have developed a
systems engineering-driven pracess to:

1. identify key architecture decisions needed,

2. determing relationships benween decisions
{including dependencies and flow-dawn
impacts),

3. and develop a recommended logical arder
in which to make these decisions.

NASA is developing a model-based environment
manage this complex web of information,
The process and rationale are described in
the Explaration Systems Development Mission
Directorate’s Moon 1o Mars Architecture
Definition Document, Section 2.3.1 Key Mars
Architecture Decision Drivers.

To develop the catalog of key Mars architecture
dedsions, NASA subject matter experts have
begun a bottom-up review of h
architecture studies, Analyzing decides o1
dacuments, these experts identified the mast
influential factors In designing the initial human
exploration campaign for Mars.

Next, they began ummpusmg the agencys
blueprint objectives for explar ing atop-
o apprcach. This reeuited in use casss and
nctions that can then be mapped to needed
architecture decisions

Together, these two approaches provided
more thorough insight, simultanecusly helping
refine objectives, uses cases, and functions. The
resulting initial analysis — which s stll ongaing

white paper

2023 Moon to
Mars Architecture

100 candidate key decisions for the

ough the count was slightly reduced
during subsequent agency-wide review and refinement.

TTATT STCTRTSCIONE,

As part of this effort, NASA also developed an initial
model of architecture decisicn relationships. Through the
frequency or dependency linkages llustrated in Figure
1, the agency extracted seven key decisions for priority
analysis.

The seven decisions presentad here represent NASA'S
initial focus for armneclule mlegrauon efforts for
an initial human explor n for Mars. The
complete model — including Ilnkages to remaining lunar

architecture decisions — continues to be developed and
refined,

MASA's initial madeling effart isolated seven key human
Mars architecture decisions, detailed below and shown
in Figure 2. These are the recommended starting point
for planning the initial human exploration campaign for
Mars,

While the agency will prioritize these seven decisions
first, analysis and mapping of the remaining catalag of
key architecture decisions will continue in parallel, NASA

Mars Science
Priorities

Initial Human Mars
Segment Target State

PRIORITY HUMAN MARS ARCHITECTURE DECISIONS

Number of Crew to
Mars Vicinity

Number of Crew to
Mars Surface

and results at annual Architecture
hd cocument chem in yearly revisions

jes science as one
B which the agency's blueprint for
exploration throughout the solar
foundational aspiration, it can trigger
| capability and inspiration and build
bf human exploration upen benefit
lueprint identifies objectives in five

Jogicalscience
iscience

portion of these objectives wil
by virtually all aspects of the mission,
, dedicated payload mass deliverad
ficated payload mass returned from
unication throughput, and poweer.
e conducted on the surface of Mars
Ind of the human transportation and
fstems in consideration through the
have the greatest impact on the scope
jtecture, Therefore, sclence priorities
possible attention.

JArchitecture Cong

olor Key ——

Human Mars Architecture Decisions @ @ @ @

Recent history demonstrates the impartance of making
this deusim earller rather than later. NASA'S Artemis
exploration campaign was directed to establish iniial
nnera(mns in the lunar Sauth Pole region, with a focus an
acquiring volatile resources thaught to be found there.
That limited facus may be incompatibile with high-priority
lunar science objectves uniquely addressed at other
locatians.

Establishing foundational science priorities built on
broad input from the science community early in the
architecture  definition  process elp  mitigate
disruption or delay to implementation of an initial human
exploration campalgn for Mars.

Initlal Human Mars Segment Target State

A decision about the vision — or "target state’ — for
NASA initial human exploration campaign for Mars is
fundamental to developing an architecture that enables
that vision. Architecture elements and concepts of
aperation will vary greatly depending on the desired end
s

For example, a series of facused science exploration

architecture. Establishing a permanent, fixed base from
which astronauts could conduct many surface mi
supporting diverse and evoling exploration activities
would favor a very different architecture.
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human exploration campaign for Mars. As the bottam-
and top-down identification pracesses cantinue,
additional needed decisions may be identified. Linkagas
to decisions for lunar exploration campaign segments
that have not yet been made will be developed, analyzed,
and pricritized. This insight will enable an informed and
methodical approach to address the needs of the multi-
decadal vision that is the Moon to Mars Objectives,

Developing architectures 1o enable human exploration
of the solar system will require hundreds of individual
decisions by many different decision authorities across
the agency, Al of these decisions will be important, but

Trew Complement

e of this key decicion is limited to
the initial Humans to Mars campaign
te decision will define subsequent
bien segments. The ideal end state for
thitecture that meets NASA'S highest
bich flzsibility 1o expand 1o meet new
hey emerge.

Segment Mission Cadence
¢ human exploration of Mars will
for "architecting from the right,” but
hain:

jue missions are necessary during the
(These could include robatic science,
¥ precursor demonstration missions.)
crewed arbital or fly-by precursor
I5, or will the first crewed mission land
f the Red Planet?

resources are needed t balance the
Jal Mars missions with ongoing near-
surface operations?

fxploration spaceflight programs have
baign of test flights, demonstrations,
ps that build up to a desired end state.
feradual buildups can aid stakeholders

and investment forecasting for the
atlon campalgn for Mars.

Risk Posture
projects typically establish a loss of
e but human spaceflight programs
p understanding of the overall loss af
e risk posture is a useful guidepost
Jormed architecture decisions. For
prioritize technologies that enable
human missions as one means to
b and performance concerns.

E becomes more defined, a formal
eporting threshald vill be established

rence mission to achieve human
[However, establishing a risk posture
he architecture development process
Liptions and rewerks during the later

Mars Surface per Mission
s the most common study constraint

cisions that so profoundly influences
Ind architecture as to warrant the
[tiny. Ensuring the integrated impacts

propellant  management, including  Mars  surface
infrastructure needs). It also helps establish a lower limit
for crew avallability to perform systems manitoring,
maintenance and troubleshaoting; science and utilization
{particularly during surface extra-vehicular activities}; and
inspirational engagements with the public. The uniqus
communications challenges at Mars — an envirenment
where real-ime cammunication with Earthis not possible
— also have implications far task management and
contingency responsiveness of a given crew complement
during critical operations.

Number of Crew to Mars Vicinity per Mission

A companion 1o the Mars surface crew complement
decision s deciding the total crew complement 1a b
vicinity. This dci

to defining crew complement to the s
same unique constraint drivers.

The number of crew to the vicinity of
have implications for Earth ascent
transit vehicle habitable volume, ci
sizing, and logistics manifesting. T
Wiuence Mars capture and parki
with flow-down implications  for
and contingency response, For exd
architectures, same crew might 1
while others descand and work on 1
the crew's physical availability to per

Primary Mars Surface Power Gener.
The scope of human exploration
largely on the amount af
will power crew life support systel
element keep-alive functions, ai
maintain critical ascent vehicle pro

Solar enargy has long been a reliat
powsr applications. However, reg
mission experience has brought 5
Wars surface missions into sharp
given the loss of crew risk if the s
were to fail during a human exp
mission abort options.

This particular architecture decisio
to power generation technique. Pd
distribution technalogy  selections
separate decisions, though inte

sions are carefully traced, assessed,
p decision authorities make lasting

Fecistant to implementation delays,
relitigation

cal process, NASA has identified a
farchitecture decisions to start with,
kv will continue to define and map
fey decisions, reporting progress at
Concept Reviews and updating the
ftion  Document
E made.

with architecture

across all architectures and elements, Crew complement
selection has implications for habitable vehicle and
element volume, life support system design, and crew
support systems for health and performance (such
as medical, exercise, and food systems). It also has

ifications for logistics needs (induding science and
mission utilization, food, clothing, medical supplies, etc.),
which Inform campaign launches and cadences.

crew complement helps establish an
entry, descent, landing, and
ascent vehicle sizing (with flow-down impacts to ascent

operationally,
P

1o infuse Mars-forward considerati
power implementation decisions for
timely activity.

During upcoming  strategic analysis cyo
architecture teams will continue to refine the mi 5
environment, assess various options within the salution
space, and prioritize remaining decisions for the initial
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