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Architecting from the Right

Architecture

v

Segments

Use Cases:
Operations that would be
executed to produce the

desired Needs and/or
Characteristics.

Reference
Missions /
ConOps

v

Sub-Architectures

Functions:
Actions that an
architecture would
perform to complete the
desired Use Case.

—> Eler-nents /
Requirements

Architecture organized by Segments and Sub-architectures
in the ADD to group similar features and express
progression of capabilities over time.

Moon to Mars Objectives

—— Objectives & Goals

Objectives & Goals:
Leadership defines what is needed

to achieve the blueprint vision and
Moon-to-Mars endeavor

Elements
(programs, projects, or systems)

The Architecture process requires a decomposition of Moon to Mars Obijectives 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.




Architecture Concept Review

The purpose of an Architecture Concept Review (ACR) is to help unify the agency, promote advocacy
for the architecture, and generate inputs from across NASA.

» The specific purpose of the Architecture Concept
Review 22 (ACR22) was to:

o Concur on the newly established yearly ACR
process

o Concur on disposition of key issues from
ESDMD-001 Moon to Mars (M2M) Architecture

Definition Document (ADD) Change Request ARCHITECTURE CONCEPT REVIEW (ACR22)
_ Participation included representation from Mission
Human Lunar Return Segment focus Directorates, Agency Leadership, NASA Centers,

o Concur on priority tasks for the next ACR Tech Authorities, ESDMD Leadership, Program

Managers, and the Architecture Team

Future ACRs will be conducted annually in November to continue refining the

architecture based on evolving policy, budget, partner contributions, and development
schedules. Annual ACRs shifted to align with the NASA budget cycle.




FY23 Architecture lteration

 NASA's architecture team is currently
working Strategic Analysis Cycle 23.

» There are two priorities for shortened
cycle:

o Near-term needs for further
Foundational Exploration
segment definition

o Humans to Mars objectives
decomposition and expansion of
detail for long term arch planning

* The team will conduct on-going
assessments of feedback from
events, which will influence ACR23
content and processes for the next
year.

Humans to Mars




» Anticipate three additional sub-architectures
that were not driven in the Human Lunar
Return segment or emerged from feedback:

o Infrastructure (including In-Situ Resource
Utilization)

o Command and Data Handling
o Robotics

Will include Architecture Definition Document
element definition for programs and/or
projects after they pass NASA Mission
Concept Review milestone:

Lunar Terrain Vehicle
Pressurized Rover
Human-class Delivery Lander (HDL)

Gateway Extra-Vehicular Robotic
System (GERS)

o ESPRIT Refueling Module (ERM)

» Foundational Exploration use case and
functions
o Plan to expand content for sub-
architectures for future element needs




ACR23 Humans to Mars Focus

» Objective decomposition for Mars objectives
o Deferred from ACR22 for schedule

o Additional content as is traces to lunar supporting
needs

« Initial list of major Mars decisions that are needed
« Expanded content in the Mars trades and studies
« Mars White Papers:

o Mars Communication Challenges

o Mars Mission Abort Challenges

o Mars “Gear Ratios”

o Mars Surface Power Considerations
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Who, What, When, Where, Why, and How?

When addressing the
classic six questions,
each drives different
architectural decisions,
but all must be answered
to arrive at a complete
exploration strategy.

In the case at the right,
the driving question is
“Why,” which informs the
What, Where, How,
When, and Who.

Start here

WHEN WILL WE ACHIEVE
LUNAR OBJECTIVES?

Multi-decadal campaign
Support annual cadence of crewed missions
Development of permanent infrastructure
Expansion of economic sphere to the Moon

WHAT FOUNDATIONAL
CAPABILITIES ARE NEEDED? 4- ceccecon

Long-duration microgravity systems

—SCIENCE—
Understand the universe
Direct observations

Partial gravity destination platforms
Low Earth Orbit assets and infrastructure

WHERE SHOULD SYSTEMS BE?

Ensure access to the lunar South Pole :
Capability for non-polar expeditions  ©

5 —INSPIRATION—

“Artemis Generation”
Overcome challenges
Succeed with hard work

WHO DOES THIS
APPROACH INCLUDE?

NASA HOW WILL WE GET THERE

U.S. Government AND RETURN? —NATIONAL POSTURE—

Indu S
W Lunar Microgravity staging in NRHO Enrich lives on Earth
Technology development

International Partners

Academia Earth «—> NRHO «—> Lunar surface g :
Public | International partnerships

Surface mobility
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http://books.nap.edu/catalog.php?record_id=11954
https://www.lpi.usra.edu/leag/roadmap/US-LER_version_1_point_3.pdf
https://www.lpi.usra.edu/leag/reports/ASM-SAT-Report-final.pdf
https://www.nasa.gov/sites/default/files/atoms/files/artemis-iii-science-definition-report-12042020c.pdf
https://www.nationalacademies.org/our-work/planetary-science-and-astrobiology-decadal-survey-2023-2032

Suggested Questions to be Addressed

. ,ﬂ 1. Are the functions, needs, characteristics, and use cases appropriate
F to accomplish the defined Science Objectives or are there some
required to support the objectives that are not yet in the ADD?

Image Credit: Gene and Cell Magazine

2. What science is necessary to be conducted on the Moon to be
ready for humans to perform science on Mars?

3. Which science is best achieved through human exploration vs.
robotic missions? Or a combination?

Image Credit: NASA

l .\/‘V 4. Are there any science-focused white papers that would help the
G

community understand why certain decisions have been made?

Image Credit: Journal of Petroleum Technology



https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.cellandgene.com%2Fdoc%2Fbridging-the-public-knowledge-gap-around-cell-and-gene-medicine-0001&psig=AOvVaw0YrG7GsGHuDBFXJkYlU2__&ust=1686823621386000&source=images&cd=vfe&ved=0CBIQjhxqFwoTCKiS8ebBwv8CFQAAAAAdAAAAABAE
https://jpt.spe.org/collaboration-redefines-humanrobot-relationship
https://www.nasa.gov/press-release/update-nasa-seeks-comments-on-moon-to-mars-objectives-by-june-3
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Segment: 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.

Human Lunar Return Foundational Exploration

Initial capabilities, systems, and  Expansion of operations, Enabling operations, Initial capabilities, systems, and
operations necessary to re- capabilities, and systems capabilities, and systems to operations necessary to
establish human presence on supporting complex orbital and support regional and global establish human presence on
the Moon. surface missions to conduct utilization, economic Mars and continued

utilization and Mars forward opportunity, and a steady exploration.

analogs. cadence of human missions on

and around the Moon.

Sub-architecture: A group of tightly-coupled Communication, Positioning, Navigation, and Timing
systems, functions, and capabilities that perform Habitation « Human Systems ¢ Logistics « Mobility Systems
together to accomplish architecture objectives. » Power * Transportation « Utilization Systems



Lunar Infrastructure Goal and Objectives NASA

Lunar Infrastructure (LI) Goal: Create an interoperable global lunar utilization infrastructure where U.S. industry and
international partners can maintain continuous robotic and human presence on the lunar surface for a robust lunar economy
without NASA as the sole user, while accomplishing science objectives and testing for Mars.

LI-1t:

LI-2t:

LI-3t:

LI-4L:

L|-5L:
LI-6L:

LI-7L:
LI-8L:

LI-Ot:

Develop an incremental lunar power generation and distribution system that is evolvable to support continuous robotic/human operation
and is capable of scaling to global power utilization and industrial power levels.

Develop a lunar surface, orbital, and Moon-to-Earth communications architecture capable of scaling to support long term science,
exploration, and industrial needs.

Develop a lunar position, navigation and timing architecture capable of scaling to support long term science, exploration, and industrial
needs.

Demonstrate advanced manufacturing and autonomous construction capabilities in support of continuous human lunar presence and a
robust lunar economy.

Demonstrate precision landing capabilities in support of continuous human lunar presence and a robust lunar economy.

Demonstrate local, regional, and global surface transportation and mobility capabilities in support of continuous human lunar presence and
a robust lunar economy.

Demonstrate industrial scale ISRU capabilities in support of continuous human lunar presence and a robust lunar economy.

Demonstrate technologies supporting cislunar orbital/surface depots, construction and manufacturing maximizing the use of in-situ
resources, and support systems needed for continuous human/robotic presence.

Develop environmental monitoring, situational awareness, and early warning capabilities to support a resilient, continuous human/robotic

lunar presence.
Superscripts indicate applicability to Lunar (L), Martian (M), or both (LM)



Mars Infrastructure Objectives NASA

Mars Infrastructure (MIl) Goal: Create essential infrastructure to support initial human Mars exploration campaign.

MI-1M: Develop Mars surface power sufficient for an initial human Mars exploration campaign.

MI-2M: Develop Mars surface, orbital, and Mars-to-Earth communications to support an initial human Mars exploration campaign.
MI-3M: Develop Mars position, navigation and timing capabilities to support an initial human Mars exploration campaign.

MI-4M: Demonstrate Mars ISRU capabilities to support an initial human Mars exploration campaign.

Superscripts indicate applicability to Lunar (L), Martian (M), or both (LM)



Example: Power Systems Decomposition

Sustainable Living and Working Further from Earth
Developing sustainable power sources and other surface utilities to enable continuous Lunar and, ultimately, Mars
surface operations.

POWER GENERATION ENERGY STORAGE POWER DISTRIBUTION

* Up to 50 kW,-class modular Earth-sourced Photovoltaic
Arrays for Lunar Polar surface outposts and ISRU
prospecting/production plants.

* 40 kW,-class mobile Fission Power Systems to support
Lunar Polar operations, bootstrap a global Lunar U ;

’ . * Up to 10 kW,-class Power Beaming for up to 5 km
surface power grid to support Lunar industrialization at Large scale energy St°f""ge systems gathered line-of-sight )
. . from Lunar-sourced minerals :
lower latitudes, and support Mars surface exploration « High power, long distance transmission lines
printed from Lunar-sourced aluminum.

* 1000V, radiation-hard, high reliability power
electronics

* Up to 10 kW,—class low mass Cables and spools
for multi-km power distribution grids

* Up to 50 kW,-hr Secondary Batteries for
mobility

* Up to 1 MW,-hr Regenerative Fuel Cells for
Polar Outpost/ISRU energy storage

n Exploitation

15
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EXPLORE: Develop Next Ge‘nwe_,lza]ﬁﬁonf” ‘o | munlcatlonsand Navugatlon Technolog|es
Develop communieations, nawgatlon and sensing infrastructure Capable i handlmg high data volumes with
-near real time Communlcatlon (cislunar), and increased onboard navigation and tlme—keepmg autonomy

OTHER CELESTIAL BODIES AND DEEP SPACE

s . 2 " .+ + Extension of LunaNet framework beyond Earth-Moon for
C|SLU.NAR AND MOON ' ¢ ) ' .~ interplanetary and deep space network

* LunaNet framework for interoperable and . ) * High Photon Efficiency optical links for 100s Mbps direct-
resilient communication and navigation i _ ) to-Earth downlink
: 1—10}: Gbps-coherent optical links direct-to- . . : * High-performance atomic frequency standards enabling
. Earth - : . -
; ; one-way metric tracking data

PU:::LL:::: ?nhgnhl\-faltjeN e'ftla\I;(l:::I:homn sour.ces : * Multi-Gbps optical links to lunar surface * GPS-like autonomous onboard navigation and tlmung
. Entangleme;\t swapping g Weak—sugfnal fa:st—acqun:u?on multi-GNSS through observation of X-ray emitting millisecond pulsars °
; ST : receiver for cislunar and lunar users " - » Metrictracking data from available communication links
o Quanturp b ek Aol ; "+ High- performance atomic frequency 5 N\
*  Non-demolition measurement P - standards for improved onboard navigation

'Networking: repeater, error correction, etc. and timing
* 3GPP/5G+ for lunar surface
* Metric tracking data

_from available commuhnication links

200+ Gbps low-Earth orbit direct-to-Earth optical downlink for smallsats
1-100s Gbps optical inter-satelite links :
_‘Metric tracking data from optical links for alternative position, navigation, and timing
k Multl—llngual cognitive, wideband terminals : :
Weak—stgnal fast-acquisition multi-GNSS smallsat compatible receiver for above GNSS constellation users
fletric tracking data from available communication links




Example: Autonomous Lunar Excavation, Construction, & Outfitting

Excavation for ISRU-based Resource Production  tgrgeting landing pads, structures, habitable buildings utilizing in-situ resources

* Site surveying, resource prospecting .

* Ice mining & regolith extraction for 100s to 1000s metric
tons of commodities per year

Excavation for Construction

uction and Outfitting

bad construction demo scaling to human  Sustainable Off-Earth Living & Working
ar pable landing pads . C il aut i q
Unpressurized structure evolving to single and then ommerc'la au onomous excavation an )
i eVeI pressurized habitats construction of landing pads, roads and habitable
fitting for data, power & ECLSS systems structure§ .
e b meter landing pads, 10s km of réads * Fully outfitted buildings to support a permanent
. . ’ lunar settlement and vibrant space economy
3 habitable pressurized volume
P * Extensible to future SMD missions and Mars
settlement



Discussion and Questions for the Infrastructure Breakouts:

.ﬁ_"ﬁ

1. Any questions or comments on the Lunar
Rationales or objectives?

R e SEM
£ @ SRS
s,

or Mars Infrastructure Goal

2. NASA is engaging with U.S. industry partners and asking for feedback on

sustainable business cases. How are other Agencies engaging their
industries?

3. Which infrastructure objectives align with your Agency's interests?
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Operations Objectives NASA

Operations Goal: Conduct human missions on the surface and around the Moon followed by missions to Mars.
Using a gradual build-up approach, these missions will demonstrate technologies and operations to live and work
on a planetary surface other than Earth, with a safe return to Earth at the completion of the missions.

OP-1-:

Conduct human research and technology demonstrations on the surface of Earth, low Earth orbit platfiorms, cislunar platforms, and on the surface of the moon, fo evaluate the
effects of extended mission durations on the performance of crew and systems, reduce risk, and shorten the timeframe for system testing and readiness prior to the initial human
Mars exploration campaign.

: Optimize opersfions, training and interaction between the team on Earth, crew members on orbit, and a Marlien surface team considering communicstfion delays, autonomy

level, and time required for an early retumn to the Earth.

- Characterize accessible resources, gather scientific research data, and analyze potential reserves to satisfy science and technology objectives and enable use of resources on

: Establish command and control processes, common interfaces, and ground systems that will support expanding humsan missions st the Moon and Mars.
: Operate surface mobility systems, e.g., extra-vehicular activity (EVA) suits, tools and vehicles.

Evaluate, understand, and mitigste the impacts on crew health and performance of a long deep space orbital mission, followed by partial gravity surface operstions on the Moon.

- Validate readiness of systems and operations to support crew health and performance for the initial human Mars exploration campaign.
- Demonstrate the capability to find, service, upgrade, or utilize instruments and equipment from robotic landers or previous human missions on the surface of the Moon and Mars.
- Demonstrate the capability of integrated robotic systems fo support and maxamize the useful work performed by crewmembers on the surface, and in orbit.

OP-10-¥:Demonstrate the capability to operate robotic systems that are used to support crew members on the lunar or Marfian surface, autonomously or remotely from the Earth or from

orbiting platforms.

OP-11"¥:Demonstrate the capability to use commodities produced from planetary surface or in-space resources to reduce the mass required to be transported from Earth.
OP-12'¥Establish procedures and systems that will minimize the disturbance fo the local environment, maximize the resources avsilable to future explorers, and allow for reusefrecycling

of matenisal transported from Earth (and from the lunar surface in the case of Mars) fo be used during exploration.
Superscripts indicate applicability to Lunar (L), Martian (M), or both (LM)



Decomposition of OP-1t-

Conduct human research and technology demonstrations on the surface of
Earth, low Earth orbit platforms, cislunar platforms, and on the surface of the
moon, to evaluate the effects of extended mission durations on the performance
of crew and systems, reduce risk, and shorten the timeframe for system testing
and readiness prior to the initial human Mars exploration campaign.

 Provide capabilities to conduct crewed and uncrewed testing of surface habitable system(s)

 Provide capabilities to conduct short-duration (<1month) crew exploration missions(s) on the lunar
surface

 Provide capabilities to conduct mid-duration (~1-3 months) crew exploration mission(s) on the
lunar surface

 Provide capabilities to conduct long-duration (~1year+) crew exploration mission(s) in cislunar
space

 Provide capabilities to transition crew from micro-gravity environment to partial gravity
environment



@ National Aeronautics and
. Space Administration

luman Research Program

s . STEPS TO MARS..

B v .. © g . § - LUNAR MISSIONS: -
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HERA Campaign 6 (Isolation & Confinement): ={"

* Four 45-day missions: 15 HRP Studies
* Primary research themes - Human Systems
Integration Architecture (HSIA) & autonomy.

23 f

:envihab (Bedrest) SANS
Countermeasures:
+ 6 HRP and 6 DLR investigations

 Campaigns 1-2 focus on Lower Body Negative =5 V

Pressure
« Campaigns 3-4 focus on thigh cuff + exercise
countermeasure

DLR’s :envihab Facility

SIRIUS 21 (Isolation & Confinement): g
8 month mission with 6 crew residing in the NEK habitat
in Moscow, Russia completed July 2022 ’
* Multinational crew — 3 Russian, 2 US, and 1 UAE l
« HRP research themes — Team functioning, stress and ' §
resilience, autonomy, food acceptability
« 70 total studies participated, 8 HRP studies
* Numerous real-life challenges in mission

US SIRIUS 21
Crewmembers

Antarctic Stations (Isolation & Confinement):
* Palmer Station: Immune Countermeasure study
» Data collection completed in 2022 winter-over
and ongoing in 2023
+ South Pole Stations: VR Sensory Stimulation study
+ Data collection began Aug. 2022 and continuing
in 2023 winter-over.

Novespace Parabolic Flights:

* 0Og cardiovascular study completed

* Upcoming cardiovascular, sensorimotor and
neurophysiological responses to 0-g & partial-g
in June

CHAPEA: One Year Analog at JSC

+ Integrated suite of studies evaluating crew health
and performance during a Mars mission with a
notional Mars food system.

* 4 crew being a one year mission in June 2023




Decomposition of OP-4-M

Establish command control processes, common interfaces, and
ground systems that will support expanding human missions at
the Moon and Mars

Characteristics and Needs:

* Integrate networks and mission systems to exchange data between
Earth based systems and exploration elements

* Utilize common data interface(s) for exchanges between Earth based
systems and exploration elements

* Provide capabilities to store and protect data on exploration elements



Comm and Nav Architecture Solutions to Support

Human Lunar Return Segment

DSIN Lunar Exploration = Upgrades to two DSN antennas at each of the three complexes (totaling
N six upgraded antennas)
JR Pgra ades (DLEU ) = Simultaneous operations — S+Ka-band or X+Ka-band, simultaneous Ka-
‘ band

= Increased data rates — greater than 100Mbps downlink in Ka-band

= Adedicated new set of antennas, designed to support lunar missions, to

Lunar '-’/Q‘Qr tion Grounc help alleviate the user load on the DSN

Segment (LEGS) =  Minimum of three sites around the Earth for continuous coverage
Segment (LEGS) = NASA pursuing build of LEGS sites #1-3
(18-IMleter Class Antenna Subnet = Commercial services to add additional capacity — add assets as demand

grows and to meet redundancy / resiliency needs

: ‘ - = Removes DTE line-of-sight comm constraint & reduces user burden
Lunar Communications ar = Initial relay deployment targeted at South Pole and Far-Side
| 2\ T o RN LG : =  Networki PNT [
Navigation Relay Services B0 BN T services
= Commercial service procurement approach for the relay

International Parthership = SCaN seeking contributions for both Earth based and Lunar C&N assets
O . e ' = Priority 1: Direct-to-Earth assets that meet or exceed LEGS performance
A L ..
and Contripbutions =  Priority 2: Lunar relay comm and PNT services

=  Priority 3: Lunar surface comm and PNT capabilities




DSN pssets hepviy used by SVD
missions for s

Lunar Surface
Mar

cence sndeploratonn

. Circa ARTEMIS V

Crewed Missions and Lunar Exploration

and Deep Space
Creptes content

underwey for Actemis x
light tunded spproved &
minisierial

Aelay capab

. misrcperstie azset
= = g
;
<
B
z

Lereseirrene®

Y - AeNS Y
e 0 Ea-Bard
age n S-Bard
& Limited PNT Capabiny — &%

Ground Stations

* Bach pround asset has luner
vizsibiey 3/3 time

* Addecral ground azsets :
rmeded for beckup/ rexilency

Large rumber of
axxets and retwork
nodes leads an "N2”
connectvty
challenge

s "DRach bos” comerciy
services

n sets should hawe an
- array of other users
UL g

‘U“ub

c'hug\, .

oxye
Backend Network Connectivity and Addisional Nodes

LCRNS Proy,
Oy 5,
e o

% Fr Gatirg

Ader Limny Provider
=3

St ay i'"
NS N D SR R (S S——



