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Shortfall Need ID Need Statement References
Provide it: tible with L f: ity, dust, th L . - N
m\.“ e unarspacesults compatibze wi unérsu ace gravity, dus ‘erma . NASA Extravehicular Activity Technology Roadmaps for Exploration (2024
1.01 |environment, and atmosphere, capable of mission relevant EVA duration, dwell time, IGES)
frequency, and use life.
Provide lunars_paceswt physplogy capable of supporting long duration lunar mission NASA Moon to Mars Architecture Definition Document Architecture-Driven
1.02 |EVA strategy with acceptable risk of adverse outcomes. Reference ESDMD #0406 (Moon) .
. " Technology Gap Appendix
for specific details.
1.03 Provide lunar spacesuits with variable and adjustable sizing to fit the astronaut NASA Extravehicular Activity Technology Roadmaps for Exploration (2024
! population. ICES)
1.0 Perf fe. Earth-ind dent LI-8: Demonstrate technologies supporting cislunar orbital/surface depots,
-0 er °A"" sate, .a'r ) -independen 1.04 |Provide crew ingress/egress capabilities that protect the crew, habitat, and suits. construction and manufacturing maximizing the use of in-situ resources, and
Extravehicular Activities on the lunar . .
surface support systems needed for continuous human/robotic presence.
urface.
NASA Extravehicular Activity Technology Roadmaps for Exploration (2024
ICES); NASA's Moon to Mars Strategy and Objectives Development
1.05 |Provide crew mobility for traverses on lunar surface. Document, LI-6 L: Demonstrate local, regional, and global surface
transportation and mobility capabilities in support of continuous human lunar
presence and arobustlunareconomy.
NASA's Moon to Mars Strategy and Objectives Development Document, OP-
1.06 Provide in-situ decision supporttools to address identified EVA hazards and risks on the (10 LM: Demonstrate the capability to operate robotic systems that are used to
! lunar surface. support crew members on the lunar or Martian surface, autonomously or
remotely from the Earth or from orbiting platforms
Provide .hlgh power, thermal management, and actuation fors.un‘ace assets to SUW!Ve and NASA Moon to Mars Architecture Definition Document Architecture-Driven
2.01 |operatein the lunarenvironment. Reference ESDMD #0301 (fixed assets) for specific .
h Technology Gap Appendix
details.
Prov.nde low power, t'h ermal managgment, and actuation for distributed surfac_e assets to NASA Moon to Mars Architecture Definition Document Architecture-Driven
2.02 |survive and operatein the lunarenvironment. Reference ESDMD #0301 (mobile assests) N
e " Technology Gap Appendix
for specific details.
Providescalable, mult|—l§We-sc_aFg pqwer generation and storage capable of su;‘)po.lflng NASA Moon to Mars Architecture Definition Document Architecture-Driven
2.03 |crewsafety and exploration activities in lunartemperatures, dust, and solar availability Technology Gan Appendix
conditions. Reference ESDMD #0901 for specific details. & Gap App
Prov@e robust .and lwa-mass powgr managementand distribution solutions forlong- NASA Moon to Mars Architecture Definition Document Architecture-Driven
2.04 |duration operations in extreme environments. Reference ESDMD #0903 (Lunar) for .
. - . Technology Gap Appendix
2.0 Develop infrastructure and specific details.
capabilities for assets to operate for Operate surface assets efficiently for required durations, preventing extreme wear and tear . . . .
Lo NASAM to Mars Architecture Definition D tArchitecture-D
extended duration in the lunar 2.05 |to systems ormechanisms from lunar dustand regolith. Reference ESDMD #0801 for SAMoon to Mars Arc !ec ure betinition Bocument Architecture-Driven
. " . Technology Gap Appendix
environment. specific details.
Provide extreme cold-tolerant robotic and mobility capabilities to enable use cases for . p .
. . vy ‘p . NASA Moon to Mars Architecture Definition Document Architecture-Driven
2.06 |surveying and accessing permanently shadowed regions for sample retrieval. Reference Technology Gan Appendix
ESDMD #0804 for specific details. & Gap App
2.07 Perform high-performance computing in extreme temperature, high radiation, and dusty |NASA Moon to Mars Architecture Definition Document Architecture-Driven
: environments. Reference ESDMD #0201 (lunar) for specific details. Technology Gap Appendix
LI-8: Demonstrate technologies supporting cislunar orbital/surface depots,
2.08 |Provide electrical charge dissipation sufficient to ensure hardware and crew safety. construction and manufacturing maximizing the use of in-situ resources, and
support systems needed for continuous human/robotic presence.
LI-8: Demonstrate technologies supporting cislunar orbital/surface depots,
2.09 |Mitigate and survive high velocity impacts of small particles on lunar surface assets. construction and manufacturing maximizing the use of in-situ resources, and
support systems needed for continuous human/robotic presence.
Predict pl rface interaction (PSI) surf i ter width/depth, and eject ) ) )
redictp ume5u ace I,n eraction (PS1) surface erosion, crater wi s e.p an eJetaa NASA Moon to Mars Architecture Definition Document Architecture-Driven
3.01 [energy fluxduring landing. Reference ESDMD #1101 (PSI characterization) for specific N
) Technology Gap Appendix
details.
3.02 Land on lunar south pole exploration sites in various illumination conditions with NASA Moon to Mars Architecture Definition Document Architecture-Driven
. . ! appropriate accuracy. Reference ESDMD #1101 (landing accuracy) for specific details. Technology Gap Appendix
3.0 Safely, routinely, and precisely land T —
. . NASA's Moon to Mars Strategy and Objectives Development Document, TH-
large systems on the lunar surface. Perform stable touchdown and operation of large vehicles on uneven, sloped, and - )
3.03 . 2L: Develop system(s) that can routinely deliver a range of elements to the
undulating lunar surfaces.
lunar surface.
LI-8: D trate technologi rting cisl bital/surface depots,
Provide surface supportinfrastructure to routinely land on and ascend from the lunar empns rae techno og@s SuPp.O .'T‘g cls unaror.l alsu acedepots
3.04 surface construction and manufacturing maximizing the use of in-situ resources, and
) support systems needed for continuous human/robotic presence.
Perform site preparation and bulk regolith manipulation forinfrastructure construction, . - . X
) ) P X P g. ° L . NASA Moon to Mars Architecture Definition Document Architecture-Driven
4.01 |including landing pads, berms, regolith overburden for radiation protection. Reference Technology Gap Appendix
ESDMD #0605 (manipulation) for specific details. ¥ 58P App
LI-8: Demonstrate technologies supporting cislunar orbital/surface depots,
4.0 Deploy, assemble, and construct 4.02 |Deploy load-bearing structures on the lunar surface. construction and manufacturing maximizing the use of in-situ resources, and
complex structures on the lunar surface. support systems needed for continuous human/robotic presence.
4.03 Autonomously assemble and construct structures on the lunar surface. Reference NASA Moon to Mars Architecture Definition Document Architecture-Driven
: ESDMD #0504 for specific details. Technology Gap Appendix
2.04 Construct structures on the lunar surface through advanced manufacturing techniques. |NASA Moon to Mars Architecture Definition Document Architecture-Driven
i Reference ESDMD #0505 for specific details. Technology Gap Appendix
NASA's Moon to Mars Strategy and Objectives Development Document, OP-
X 03 LM: Characterize accessible resources, gather scientific research data, and
5.01 [Locate, characterize, and map the useful resources on the lunar surface. . ) . -
analyze potential reserves to satisfy science and technology objectives and
enable use of resources on successive missions.
5.02 Excavate and transport lunar regolith at a scale relevant for ademonstration mission. NASA Moon to Mars Architecture Definition Document Architecture-Driven

Reference ESDMD #0605 (excavation and transportation) for specific details.

Technology Gap Appendix




Extract metal and manufacturing feedstock from lunar regolith at a scale relevant fora

NASA Moon to Mars Architecture Definition Document Architecture-Driven

.0
5.03 demonstration mission. Reference ESDMD #0604 for specific details. Technology Gap Appendix
5.04 Produce oxygen from lunar regolith at a scale relevant for ademonstration mission. NASA Moon to Mars Architecture Definition Document Architecture-Driven
: Reference ESDMD #0601 for specific details. Technology Gap Appendix
5.05 Produce water from icy lunar regolith at a scale relevant forademonstration mission. NASA Moon to Mars Architecture Definition Document Architecture-Driven
: Reference ESDMD #0603 for specific details. Technology Gap Appendix
5.0 Prod Want bl LI-8: Demonstrate technologies supporting cislunar orbital/surface depots,
-0 Produce propefian ,'consuma es, 5.06 [Produce powercomponents derived from in-situ resources. construction and manufacturing maximizing the use of in-situ resources, and
and other usable materials from lunar . .
i support systems needed for continuous human/robotic presence.
resources to support human exploration OP-11.D rate th ity © it duced f
and commercial activities. ) . ) -11: Demons rag e capability to use commodities pro uce- rom
5.07 [Excavate and transportlunarregolith at a scale relevant for sustained lunar exploration. planetary surface orin-space resources to reduce the mass required to be
transported from Earth.
OP-11: Demonstrate the capability to use commodities produced from
5.08 [Produce metals, oxygen, and water at a scale relevant for sustained lunar exploration. planetary surface orin-space resources to reduce the mass required to be
transported from Earth.
OP-11:D trate th bility t diti duced f
Manage, store, and distribute in-situ-produced materials and products at a scale relevant emonstra e. e capability to use commodities pro uce. rom
5.09 . . planetary surface orin-space resources to reduce the mass required to be
to sustained lunar exploration.
transported from Earth.
NASA's Moon to Mars Strategy and Objectives Development Document, TH-3L
510 Manage conversion, storage, and handling of oxygen into breathing air sufficient to : Develop system(s) to allow crew to explore, operate, and live on the lunar
! support sustained lunar exploration mission needs. surface and in lunar orbit with scalability to continuous presence; conducting
scientific and industrial utilization as well as Mars analog activities.
Provide robust and low-mass power managementand distribution solutions for long- ; - ) .
) - ) P . g g ... |NASA Moon to Mars Architecture Definition Document Architecture-Driven
6.01 |duration operations in extreme environments. Reference ESDMD #0903 (Mars) for specific .
) Technology Gap Appendix
details.
Operate surface assets efficiently for long durations, preventing extreme wear and tear to . _— . .
per ! X crenty .r ng duration pr venting extreme wear an ' NASA Moon to Mars Architecture Definition Document Architecture-Driven
. 6.02 |systemsormechanisms from Martian dust and regolith. Reference ESDMD #0802 for .
6.0 Develop infrastructure and . . Technology Gap Appendix
L specific details.
capabilities for assets to operate for - n
[ . L L - . . TH-7: Develop systems for crew to explore, operate, and live on the Martian
extended duration in the Martian 6.03 |Mitigate and survive high velocity impacts of small particles on Martian surface assets. . N .
environment surface to address key questions with respect to science and resources.
Provide scalable, multl'-kWe-s'cale powergeneration and storage ca'pab.lfa of suppf) rting NASA Moon to Mars Architecture Definition Document Architecture-Driven
6.04 |assets and crew safety in Martian temperatures, dust, and solar availability conditions. Technology Gap Appendix
Reference ESDMD #0902 for specific details. gy Gap App
6.05 Perform high-performance computing in extreme temperature, high radiation, and dusty |NASA Moon to Mars Architecture Definition Document Architecture-Driven
i environments. Reference ESDMD #0201 (Mars) for specific details. Technology Gap Appendix
701 Provide reliable uplink and downlink solutions that prevent or mitigate data disruptions  |NASA Moon to Mars Architecture Definition Document Architecture-Driven
) L . ! between Earth and Mars. Reference ESDMD #0102 (data reliability) for specific details. Technology Gap Appendix
7.0 Provide communication solutions to — - — - — - — - -
assets and crew during missions to Mars. | 7.02 Transfer data at sufficient rates to supply high-definition streaming and still imagery NASA Moon to Mars Architecture Definition Document Architecture-Driven
J ) ! between Earth and Mars. Reference ESDMD #0102 (data rate) for specific details. Technology Gap Appendix
7.03 |Transfer data at sufficient rates to accommodate science operations at Mars.
Proylde Martian spacesuits compatible with Mar§ surface gravity, dust,.thermal . NASA Moon to Mars Architecture Definition Document Architecture-Driven
8.01 [environment, and atmosphere, capable of mission relevant EVA duration, dwell time, Technology Gap Appendix
frequency, and use life. Reference ESDMD #0803 for specific details. & Gap App
Provide Martian spacesuit physiology capable of supporting Mars mission EVA strate
f v an .p ultphysiology cap upporting Mars mission ! ) gy NASA Moon to Mars Architecture Definition Document Architecture-Driven
8.02 [with acceptable risk of adverse outcomes. Reference ESDMD #0406 (Mars) for specific .
) Technology Gap Appendix
details.
8.03 Provide Martian spacesuits with variable and adjustable sizing to fit the astronaut NASA Extravehicular Activity Technology Roadmaps for Exploration (2024
8.0 Perform safe, Earth-independent : population. ICES)
Extravehicular Activities on the Martian 8.04 Provide ingress and egress between surface habitat, other surface elements, and the TH-7: Develop systems for crew to explore, operate, and live on the Martian
surface. : Martian surface. surface to address key questions with respect to science and resources.
NASA Extravehicular Activity Technology Road for Exploration (2024
8.05 [Provide appropriate water purity, oxygen, and power needed for Martian spacesuits. IGES) ravenicular Activity Technology Roadmaps for Exploration (
8.06 Provide in-situ decision supporttools to address identified EVA hazards and risks on the |TH-7: Develop systems for crew to explore, operate, and live on the Martian
: Martian surface. surface to address key questions with respect to science and resources.
NASA's Moon to Mars Strategy and Objectives Development Document, OP-
8.07 [Provide crew mobility for long traverses on Martian surface. 05 LM: Operate surface mobility systems, e.g., extra-vehicular activity (EVA)
suits, tools and vehicles.
haracteri ictpl rface interaction (PSI) surf i t
C. aracterize and pr.edlc piume surrace in e?r-ac fon (PSI)su ace'erosmn, o ?r NASA Moon to Mars Architecture Definition Document Architecture-Driven
9.01 |width/depth, and ejecta energy flux, and mitigate effects of PSI ejecta on Martian surface Technology Gap Appendix
assets. Reference ESDMD #1102 (PS| Characterization) for specific details. gy Gap App
9.02 Predict Mars entry mission performance before flight with validated entry models. NASA Moon to Mars Architecture Definition Document Architecture-Driven
: Reference ESDMD #1103 (modeling) for specific details. Technology Gap Appendix
9.0 Safely, reliably, and precisely land 9.03 Decelerate large payloads to the Martian surface. Reference ESDMD #1103 (entry and NASA Moon to Mars Architecture Definition Document Architecture-Driven
large systems on the Martian surface. ! descent) for specific details. Technology Gap Appendix
9.04 Land large payloads within an intended target range on Mars while detecting and avoiding |NASA Moon to Mars Architecture Definition Document Architecture-Driven
: obstacles. Reference ESDMD #1102 (landing accuracy) for specific details. Technology Gap Appendix
NASA's Moon to Mars Strategy and Objectives Development Document, TH-
Perform stable touchdown and operation of large vehicles on uneven, sloped, and " " r egy an Jectiv V pmen umen
9.05 . y 6M: Develop transportation systems that can deliver arange of elements to
undulating Martian surfaces. .
the Martian surface.
NASA's Moon to Mars Strategy and Objectives Development Document, Ml-
10.01 |Locate, characterize, and map the useful resources on the Martian surface. 04: Demonstrate Mars ISRU capabilities to support an initial human Mars
exploration campaign
. . . NASA's Moon to Mars Strategy and Objectives Development Document, MI-
Excavate/accumulate, manipulate, and transport Martian resources at mission relevant o .
10. Produce propellant, consumables, | 10.02 scale 04: Demonstrate Mars ISRU capabilities to support an initial human Mars
and other usable materials from Martian : exploration campaign
resources to support human exploration. Produce consumables, propellant, and other usable materials at mission relevant scale NASA's Moon to Mars Strategy and Objectives Development Document, M-
10.03 »prop i 04: Demonstrate Mars ISRU capabilities to support an initial human Mars

to supporthuman Mars missions. Reference ESDMD #0606 for specific details.

exploration campaign




Manage, store, and distribute propellants, consumables, and other usable materials

MI-04: Demonstrate Mars ISRU capabilities to support an initial human Mars

10.04 - o i )
sufficientfor mission needs on Mars. exploration campaign
11.01 |Develop and validate performance models for entry systems. Science Mission Directorate
11.02 |Develop low cost, high performance entry systems.
Devel 1t heri 1 1 1 isk i ts f
11. Land science payloads on planetary | 11.03 evg pp neW§ mospheric entry systems to reduce risk and mass requirements for
precision landing.
surfaces. - — - - — —
11.04 |Land science payloads on sites in various illumination conditions.
11.05 Perform stable touchdown, deployment, and operation of science payloads on uneven,
) sloped, and undulating surfaces.
12.01 Transport crew and cargo from near Earth to near Mars and return crew safely back to near |NASA Moon to Mars Architecture Definition Document Architecture-Driven
: Earth. Reference ESDMD #1104 for specific details. Technology Gap Appendix
o - . . TH-5 Develop transportation systems that crew can routinely operate between
12.02 |Integrate propellant resources across systems to maximize resource efficiency in transit. the Earth-Moon vicinfty and Mars vicinity, including the Martian surface.
12.03 Efficiently store propellant for appropriate durations in microgravity environments while | NASA Moon to Mars Architecture Definition Document Architecture-Driven
' minimizing boil-off. Reference ESDMD #1106 (in-space) for specific details. Technology Gap Appendix
Transfer Earth-storable propellant and pressurized gases between exploration assets in NASA Moon to Mars Architecture Definition Document Architecture-Driven
12.04 ) e . R
space. Reference ESDMD #0503 (in-space) for specific details. Technology Gap Appendix
12. Transport crew and cargo from Earth Transfer low-loss cryogenic fluid between spacecraft in microgravity environments at
to the Moon and Mars and back. . vog . R p‘ gravity . NASA Moon to Mars Architecture Definition Document Architecture-Driven
12.05 |scales sufficientforhuman exploration missions. Reference ESDMD #1107 (in-space) for N
- " Technology Gap Appendix
specific details.
12.06 |Robotically assemble modularflight elements for large transportation systems. ISAM National Strategy; National ISAM Implementation Plan
12.07 Ascend with crew and cargo from the surface of Mars to Mars-orbit. Reference ESDMD NASA Moon to Mars Architecture Definition Document Architecture-Driven
: #1105 for specific details. Technology Gap Appendix
NASA's Moon to Mars Strategy and Objectives Development Document, TH-
12.08 Reliably and safely land crew and cargo return vehicles at designated landing sites on 12LM: Develop systems capable of returning a range of cargo mass from the
: Earth. Martian surface to Earth, including the capabilities necessary to meet scientific
and utilization objectives.
| itivi Luti f sci insti t: f it ith
13,01 |Increasesensi ivity a.nd resolution of science instruments by orders of magnitude wi Science Mission Directorate
quantum technologies.
13.02 |Increase sensitivity and performance of photon detectors. Science Mission Directorate
13.03 |Provide high-performance imagery for remote sensing across the energy spectrum.
13.04 |Study and discover highly energetic phenomenain the universe.
13.05 |Provide acosmic-dust-penetrating view into the early universe.
13.06 |Detectbiosignatures at exoplanets.
13. Perform advanced remote g - - - - — - -
. | Deliver non-imaging science measurement capabilities for particle and field sensors
and science measurements with 13.07 L . . s
. . . needed in distributed spacecraft systems conducting multi-point solar observations.
improved sensing capabilities and - - - —
Autonomously perform science operations on commercial LEO destinations and lunar . . .
autonomy. 13.08 ) Science Mission Directorate
surface laboratories.
National Cislunar Science and Technology Strategy (2022), Objective 4:
. . . . . Implement Cislunarcommunications and positioning, navigation, and timing
13.09 |Provide advanced networking needed for multi-spacecraft responsive space operations. - N )
e P P P P capabilities with scalable and interoperable approaches; DoD State of the
Space Industrial Base (2023); Bryce Tech "Smallsats by the numbers 2025"
13.1 |Provide aholistic, efficient, and effective wildland fire crisis management system. The Report of the Wildland Fire Mitigation and Management Commission
AT . . DoD State of the Space Industrial Base (2023); Bryce Tech "Smallsats by the
14.01 |Miniaturize sensors and instrumentation on small spacecraft.
iniaturize sensors and instrumentation on sm P § numbers 2025" ; National Space Policy (2020)
14.02 |Increase power generation and storage systems for small spacecraft. DoD State of the Space Industrial Base (2023)
14. Perform missions with small 14.03 |Efficiently reject heatin small spacecraft. DoD State of the Space Industrial Base (2023)
spacecraft beyond low Earth orbit. Provide reliable transportation for small spacecraft to destinations beyond cislunar )
P 4 104 | o0 P P y DoD State of the Space Industrial Base (2023)
14.05 |Perform entry, descent, and/or landing for small spacecraft efficiently and cost effectively. [ DoD State of the Space Industrial Base (2023)
Provide scalable, fe“able surface-to-s.u‘rfacg communications between assets on the NASA Moon to Mars Architecture Definition Document Architecture-Driven
15.01 |lunarsurfacethatis usable by all participating elements. Reference ESDMD #0103 Technology Gap Appendix
(Moon) for specific details. g Gap App
Provide dust-tolerant docking and bevrt.hlng systems and utility connecthns thatenable NASA Moon to Mars Architecture Definition Document Architecture-Driven
15. O t lt‘ t roboti d 15.02 |transfer of crew, cargo, and commodities between modules for cooperative surface Technology Gan Appendix
- Operate m.u I-agen r? otican operations. Reference ESDMD #0807 for specific details. 8y Gap App
crewed systems in cooperative planetary Achi o officienth ot nteracti f Torat —
surface activities. chieve safe, efricien uman-}ro otinteractions .orexp O_ra lon missions, Tsecure NASA Moon to Mars Architecture Definition Document Architecture-Driven
15.03 |command and control over high-latency, bandwidth-limited networks, orimplement Technology Gap Appendix
reliable automated safing sequences. Reference ESDMD #1005 for specific details. gy Gap App
. . . . OP-9: Demonstrate the capability of integrated robotic systems to support and
Perform Earth-independent cooperative tasks on planetary bodies using autonomous L P ty g Y PP X
15.04 . ) ) maximize the useful work performed by crewmembers on the surface, and in
software tools in multi-agent robotic systems. orbit
16.01 Autonomously maneuver and navigate to achieve faster mobility with an order of NASA Moon to Mars Architecture Definition Document Architecture-Driven
: magnitude greater range. Reference ESDMD #0805 for specific details. Technology Gap Appendix
16.02 Offload, handle, and manipulate payloads from elevated heights on planetary surfaces. [NASA Moon to Mars Architecture Definition Document Architecture-Driven
: Reference ESDMD #0806 for specific details. Technology Gap Appendix
NASAM to Mars Architecture Definition D t Architecture-Dri
16.03 |Relocate large assets on planetary surfaces. Reference ESDMD #0808 for specific details. oon fo HMars Are I ecture Detinition Document Architecture-driven
Technology Gap Appendix
16.04 Efficiently store propellant for appropriate durations in partial gravity environments while |NASA Moon to Mars Architecture Definition Document Architecture-Driven
: minimizing boil-off. Reference ESDMD #1106 (surface) for specific details. Technology Gap Appendix
Transfer low-loss cryogenic fluid between spacecraftin partial gravity environments at ) . ) .
- o8 . . p. P gravity NASA Moon to Mars Architecture Definition Document Architecture-Driven
16.05 |scales sufficientforhuman exploration missions. Reference ESDMD #1107 (surface) for .
o . Technology Gap Appendix
specific details.
16. Provide surface mobility and logistics NASA's Moon to Mars Strategy and Objectives Development Document, LI-08
for crew and assets on planetary surfaces. 16.06 |Store Earth-storable fluids in extreme thermal environments. L: 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.




Transfer Earth-storable propellant between exploration assets on planetary surfaces.

NASA Moon to Mars Architecture Definition Document Architecture-Driven

16.07
6.0 Reference ESDMD #0503 (surface) for specific details. Technology Gap Appendix
NASA's Moon to Mars Strategy and Objectives Development Document, LI-08
. . L: Demonstrate technologies supporting cislunar orbital/surface depots,
16.08 |Transfer pressurized gases between exploration assets on planetary surfaces. . g ) PP . g L P
construction and manufacturing maximizing the use of in-situ resources, and
support systems needed for continuous human/robotic presence.
LI-8: Dt trate technologi rti isl ital/surf: ts,
Minimize crew manual labor through efficienttools to enable fluid transfer on a planetary 8 emfms ratetecnno oglgs SUpp.O .|r'1g cls unarort'nl ; . surface depots
16.09 surface construction and manufacturing maximizing the use of in-situ resources, and
. support systems needed for continuous human/robotic presence.
17.01 Autonomously perform deep drilling operations in sub-surface regions beyond current
: capability for pristine/lunmodified materials.
17. Provide robotic access to subsurface | 17.02 |Provide autonomous mobility in subsurface applications (solid, granular, and fluid).
and atmospheric regimes. 17.03 |Provide aerial mobility on Mars.
17.04 |Provide aerial mobility on Venus.
17.05 |Provide aerial mobility on Titan.
Manage logistics and \.Naste. streams to mammlze reuse, mlnlmlz-e logistics fogtprlnt and NASA Moon to Mars Architecture Definition Document Architecture-Driven
18.01 |waste, and prevent microbial and volatile releases that contaminate the vehicle and Technology Gan Appendix
planetary surfaces. Reference ESDMD #0702 for specific details. g Gap App
18.02 Identify, quantify, and mitigate contamination at exploration destinations with minimal NASA Moon to Mars Architecture Definition Document Architecture-Driven
: crew effort and operational complexity. Reference ESDMD #1202 for specific details. Technology Gap Appendix
18.03 |Recycle metabolic waste in-situ. TH-4: Develop in-space and suﬁace habitfation system.(s). forcrewto livein
deep space forextended durations, enabling future missions to Mars.
18. Efficiently and responsibly manage NASA's Moon to Mars Strategy and Obj:ectives Development Documer?t, LI-04
. ) L: Demonstrate advanced manufacturing and autonomous construction
waste streams during long duration PR .
- L . . . capabilities in support of continuous human lunar presence and arobust
missions. 18.04 | Utilize recycled material as feedstock in space-based manufacturing. o ) .
lunareconomy.; OP-8 LM: 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.
OP-12: Establish procedures and systems that will minimize the disturbance
to the local environment, maximize the resources available to future explorers,
18.05 |Manage the thermal energy waste stream. X X
and allow for reuse/recycling of material transported from Earth (and from the
lunar surface in the case of Mars) to be used during exploration.
Monitor atmospheric quality, microbes, airborne particles, trace contaminants, and
19.01 acoustics to prevent health/operational issues and guide off-nominal responses, without [NASA Moon to Mars Architecture Definition Document Architecture-Driven
: Earth sample return and with minimal consumables and crew time. Reference ESDMD Technology Gap Appendix
#0304 (atmosphere) for specific details.
19. Provide efficient, outfitted 19.02 Provide mass-efficient habitat structures capablg .Of supponing mission relevant crew size | NASA Moon to Mars Arch?tecture Definition Document Architecture-Driven
s . and duration. Reference ESDMD #0306 for specific details. Technology Gap Appendix
habitation capable of long duration T4 Develon T surface habiat o i olveT
o -4: Dev in- n itation m rcrewto livein
missions. 19.03 |Manage the thermal environment of habitation systems for long duration missions. evelop in-space a su_ acena ? on syste .(s). orcrewto e
deep space forextended durations, enabling future missions to Mars.
19.04 Provide Earth-independent planning, scheduling, and troubleshooting capabilities for TH-4: Develop in-space and surface habitation system(s) for crew to live in
: long duration missions. deep space forextended durations, enabling future missions to Mars.
TH-4: Develop in-space and surface habitation system(s) for crew to live i
19.05 |Provide audio and visual crew interfaces for long duration missions. velop nsp " u I . on sy m,( ) rerewto fvein
deep space forextended durations, enabling future missions to Mars.
Provide potable water systen_ﬁs with saffa and_ effective long-term rqalntenance énd NASA Moon to Mars Architecture Definition Document Architecture-Driven
20.01 [recovery that meet the chemical and microbial potable water requirements during long Technoloay Gan Appendix
duration missions. Reference ESDMD #0303 for specific details. gy Gap App
Momtorwater.quallty, mu:_robes, and trace Fomammants fo prevent health/gpera_tlo.nal NASA Moon to Mars Architecture Definition Document Architecture-Driven
20.02 [issues and guide off-nominal responses without Earth sample return and with minimal Technology Gap Appendix
consumables and crew time. Reference ESDMD #0304 (water) for specific details. Y ap App
20. Provide adequate food, water, and " — " "
. Deliverfood, supplements, and supplies in low-mass, interoperable containers—both
supplies to ensure crew mental and . . N . . - . .
. . . . conditioned and unconditioned—that are human-robotic compatible, transportable, NASA Moon to Mars Architecture Definition Document Architecture-Driven
physical wellbeing during long duration | 20.03 - o N
missions thermally stable, recyclable/reusable, and maintainable foryear+ missions. Reference Technology Gap Appendix
) ESDMD #0701 for specific details.
Prgvn.de @ vanety.offoo.d. systems thgt are safe anq palatable dunng long dura.no.n NASA Moon to Mars Architecture Definition Document Architecture-Driven
20.04 |[missions, contain nutritional shelf life, and can withstand the environment within the Technology Gap Appendix
habitat. Reference ESDMD #0305 (food storage) for specific details. v >ap App
20.05 Grow crops for long-duration missions. Reference ESDMD #0305 (food production)for  [NASA Moon to Mars Architecture Definition Document Architecture-Driven
i specific details. Technology Gap Appendix
21.01 Increase crew safety from fire hazards in low and partial gravity environments atreduced  |NASA Moon to Mars Architecture Definition Document Architecture-Driven
' pressures and increased oxygen levels. Reference ESDMD #0302 for specific details. Technology Gap Appendix
21.02 Monitor and forecast space and planetary weather sufficient to ensure safety of crewand |NASA Moon to Mars Architecture Definition Document Architecture-Driven
' assets for mission relevant durations. Reference ESDMD #0307 for specific details. Technology Gap Appendix
Reduce adverse crew health outcomes due to radiation exposure via mass-efficient, . _— . .
. u, ver N e utcom ) ; . raciatt .n xposureviam cien NASA Moon to Mars Architecture Definition Document Architecture-Driven
21.03 [mission compatible countermeasures in alignment with NASA-STD-3001 V1 4030 & Technology Gan Appendix
4031. Reference ESDMD #0308 for specific details. gy Gap App
21.04 Accurately monitor and maintain physical health and performance during long duration  |NASA Moon to Mars Architecture Definition Document Architecture-Driven
: missions. Reference ESDMD #0401 for specific details. Technology Gap Appendix
. . 21.05 Meet crew health and performance standards for sensorimotor health during long NASA Moon to Mars Architecture Definition Document Architecture-Driven
21. Provide Earth-independent safety : duration missions. Reference ESDMD #0402 for specific details. Technology Gap Appendix
and crew health and performance - — -
) . Reduce adverse crew physical health and performance outcomes via mission-compatible ; - . .
countermeasures during long duration - . NASA Moon to Mars Architecture Definition Document Architecture-Driven
missions 21.06 [countermeasures undercommunication delay and without resupply. Reference ESDMD Technoloay Gan Appendix
. #0403 for specific details. g Gap App
Prevent or address anticipated mental health needs experienced during exploration - . N
o . P . P gexn NASA Moon to Mars Architecture Definition Document Architecture-Driven
21.07 |missions via Earth-Independent mental and behavioral health countermeasures.

Reference ESDMD #0404 for specific details.

Technology Gap Appendix




Provide Earth-Independent health and medical care capabilities sufficient to address

NASA Moon to Mars Architecture Definition Document Architecture-Driven

21.08 [anticipated medical needs experienced during exploration. Reference ESDMD #0405 for .
L . Technology Gap Appendix
specific details.
TH-8LM: Develop systems that monitor and maintain crew health and
21.09 Operate crewed missions without Earth-based instruction during safety critical operations [performance throughoutall mission phases, including during communication
: that require immediate response. delays to Earth, and in an environment that does not allow emergency
evacuation or terrestrial medical assistance.
. - . . OP-4: Establish command and control processes, common interfaces, and
Provide efficient public safety measures for the increase cadence of launches and return N . .
22.01 ) . ground systems that will support expanding human missions atthe Moon and
configurations.
Mars.
OP-4: Establish command and control processes, common interfaces, and
22. Provide aground support 22.02 |Provide space nuclear systems infrastructure support and launch readiness. ground systems that will supportexpanding human missions atthe Moon and
infrastructure capable of supporting a Mars.
launch cadence sufficient for continuous OP-4: Establish command and control processes, common interfaces, and
lunar access and missions to Mars. 22.03 [Providevehicle and payload processing facilities sufficient for lunar and Mars missions.  |ground systems that will support expanding human missions atthe Moon and
Mars.
OP-4: Establish command and control processes, common interfaces, and
22.04 [Provide fueling facilities sufficientto support lunar and Mars missions. ground systems that will support expanding human missions atthe Moon and
Mars.
23.01 |Access atmospheric planetary bodies with resiliency to launch date using aerocapture. Science Mission Directorate
Provide low-cost science observations from orbits requiring continuous propulsive . . .
23.02 L q g prop Science Mission Directorate
activity.
Transfer storable propellant between science, communication, or other satellites in near-
23. Transport and maneuver uncrewed | 23.03
aft for in cisl and Earth space.
inc
v Develop novel power and propulsion technologies for rapid and efficient in-space
deep space. 23.04 .
transportation across the solar system.
23.05 [Provide in-space diagnostics for electric propulsion. Gateway Program
23.06 |Provide magnetically shielded, human-rated electric propulsion. Gateway Program
23.07 |[Transfer electric propulsion propellant between assets in space. Gateway Program
24.01 Achieve absolute localization of crew, mobile, and other surface assets in the lunar NASA Moon to Mars Architecture Definition Document Architecture-Driven
: surface environment. Reference ESDMD #0101 for specific details. Technology Gap Appendix
Prov@e hlgh»évallablllw' Eanh»lnd?peqdent?racklng of position, nawgatlon, and timing NASA Moon to Mars Architecture Definition Document Architecture-Driven
24.02 [targeting continued coverage despite disruptions and/or blackout periods, for deep space Technology Gan Appendix
surface missions. Reference ESDMD #0104 for specific details. gy Gap App
24. Provide tracking an.d navigation of 24.03 .Provide autonomous orbit determination, navigation, and pointing of operating spacecraft Science Mission Directorate
crew and assets in space. in deep space.
24.04 |[Extend U.S. space situational awareness capabilities to cislunar space. National Cislunar Science and Technology Action Plan, NSTC/OSTP
National Cislunar Science and Technology Action Plan, NSTC/OSTP; NASA's
24.05 Develop alunar position, navigation, and timing architecture capable of scaling to long Moon to Mars Strategy and Objectives Development Document, LI-3L:
: term operational needs. Develop alunar position, navigation and timing architecture capable of scaling
to supportlong term science, exploration, and industrial needs.
Provide radiation-tolerant onboard computing operations to support autonomy, . . . .
\.“ . radiaty " . " putingop . I qu. N Y NASA Moon to Mars Architecture Definition Document Architecture-Driven
25.01 [navigation, and other high-performance use cases in relevant environments. Reference Technology Gan Appendix
ESDMD #0202 for specific details. gy Gap App
25. Provide on-board advanced Develop space-based computing technology needed forautonomous on-board ) . .
. . 25.02 .p P puting & Science Mission Directorate
computing capabilities for space operations.
operations. 25.03 Distribute Avionics & Sensors systems and functions within spacecraft or surface
: systems.
25.04 [Provide advanced computing needed for multi-spacecraft responsive space operations. |Science Mission Directorate
Add SE-3: Develop the capability to retrieve core samples of frozen volatiles
26.01 Collect, manipulate, and verify samples and products from planetary bodies, while from permanently shadowed regions on the Moon and volatile-bearing sites
: preserving sample integrity. on Mars and to deliverthem in pristine states to modern curation facilities on
Earth.
SE-5: Use robotic techniques to survey sites, conductin-situ measurements,
and identify/stockpile samples in advance of and concurrent with astronaut
26.02 |ldentify and classify samples of scientific interest on planetary bodies. . entify s . P P g N ©
arrival, to optimize astronaut time on the lunar and Martian surface and
26. Collect and ret dsci maximize science return.
. Collect and return preserved science — - — - -
p Store and process conditioned samples for return to Earth. Reference ESDMD #1201 NASA Moon to Mars Architecture Definition Document Architecture-Driven
samples and other products to Earth 26.03 - . . .
facilities (conditioned) for specific details. Technology Gap Appendix
: 26.04 Store and process cryogenically cold samples for return to Earth. Reference ESDMD NASA Moon to Mars Architecture Definition Document Architecture-Driven
: #1201 (cryo) for specific details. Technology Gap Appendix
SE-4: Return representative samples from multiple locations across the
26.05 [Return conditioned samples/products to Earth. surface of the Moon and Mars, with sample mass commensurate with mission
specific science priorities.
. . SE-4: Retumn representative samples from multiple locations across the
Transport preserved samples from Earth lander to Earth laboratory, while preserving P p v . s
26.06 . ) surface of the Moon and Mars, with sample mass commensurate with mission
sample integrity. L I
specific science priorities.
27.01 [Provide precise attitude control for ultra-stable observatories. Science Mission Directorate
27.02 [Reduce spacecraft exposure to vibration to enable high precision pointing accuracy. Science Mission Directorate
27. Emplace and maintain large, stable 27.03 Achieve required structural accuracy and stability for space structures of varying
space platforms and observatories. : magnitudes and precision requirements.
27.04 [Robotically upgrade large space observatory instruments and avionics. Habitable Worlds Observatory
27.05 |Create and evolve systems beyond current launch size limitations. Astrophysics Decadal on assembled telescopes. Page 384, 397
28.01 Implement space-based manufacturing techniques for in-situ repairs and replacement of |NASA Moon to Mars Architecture Definition Document Architecture-Driven
: hardware components. Reference ESDMD #0502 for specific details. Technology Gap Appendix
Provide robotic systems capable of inspection, maintenance, and repair operations that . . . .
NASA Moon to Mars Architecture Definition D mentArchitecture-Driven
28.02 [function autonomously and as part of ahuman-robot team. Reference ESDMD #0501 for SAMoon to Mars Architecture De onbocume chitecture ©

specific details.

Technology Gap Appendix




Provide environmentally robust robotic, imaging, and sensing components with sufficient

NASA Moon to Mars Architecture Definition Document Architecture-Driven

28.03 perfqrmance forchallenging exploration missions. Reference ESDMD #1001 for specific Technology Gap Appendix
. . details.
28. Autonomously monitor, inspect, At ; T t p Tt Th loraton ncludn
maintain, and repair space assets. utonomously monitor systems and crew that support human exploration including ~\<» Moo to Mars Architecture Definition Document Architecture-Driven
28.04 [during Mars-distance communication delays and blackouts. Reference ESDMD #1002 for .
L . Technology Gap Appendix
specific details.
Autonomously detect and diagnose off-nominal conditions and <_avents; safe, reliable, NASA Moon to Mars Architecture Definition Document Architecture-Driven
28.05 [autonomous control of systems; and automated control and safing sequences. Technoloay Gan Appendix
Reference ESDMD #1003 for specific details. gy Gap App
Prqvnde so.ft\./vare platfo rms that can analyze da“’. and makg_d‘emsmns autonomous»ly NASA Moon to Mars Architecture Definition Document Architecture-Driven
28.06 [while providing explainable reasoning orinspection capabilities necessary to establish Technology Gan Appendix
trust. Reference ESDMD #1004 for specific details. 8y Gap App
29.01 | Detect, track, and characterize Near Earth Objects. NASA Planetalry Defense Strategy and AC.tIOH Plan; National Preparedness
29, Protect Earth fi destructi Strategy &Action Plan For Near-Earth Object Hazards and Planetary Defense
. - Protect tarth from es. i “.’e . . . NASA Planetary Defense Strategy and Action Plan; National Preparedness
impacts from naturally occurring objects | 29.02 |Model, predict, and integrate data on Near Earth Objects. . .
near Earth Strategy & Action Plan For Near-Earth Object Hazards and Planetary Defense
’ 3 . NASA Planetary Defense Strategy and Action Plan; National Preparedness
29.03 [Deflectand disruptcollision paths. ) B
P P Strategy &Action Plan For Near-Earth Object Hazards and Planetary Defense
30.01 |Characterize small debris in LEO and cis-lunar space. National Orbital Debris Implementation Plan
30.02 [Protect payloads in high micrometeoroid flux locations from micrometeoroid impacts. National Orbital Debris Implementation Plan
o 30.03 Det§ct, attribute, and characterize orbital debris strikes and effects upon spacecrafton National Orbital Debris Implementation Plan
30. Reduce likelihood and consequence orbit.
of impacts with in-space objects. Autonomously generate feasible close approach mitigation and maneuver instructions
30.04 |[consistentwith the physics-based and operational constraints of spacecraft and National Orbital Debris Implementation Plan
operators.
30.05 [Remediate large debris in space. National Orbital Debris Implementation Plan
31.01 [Provide surface-based platforms fortechnology demonstrations.
31.02 Provide environmental simulators, test facilities, and test sites for technology
: developmentin relevant environments.
. . o - L NASA's Low Earth Orbit Microgravity Strategy; National Space Policy (2020);
Provide a platform for astronauts to develop skills and maintain proficiency operating in . . N
31.03 micro ravﬁy P P ¥ op g National Cislunar Science and Technology Strategy (2022); DoD State of the
) vy Space Industrial Base (2023)
31. Provide space technology - -
d ration envir s LEO Microgravity Strategy - Research and Technology Development for
: 31.04 [Provide on-orbit platforms and interfaces fortechnology and operations demonstrations. |Exploration ET-1 through ET-6
31.05 Access higher altitude and longer duration flights for suborbital and orbital vehicles and
: high-altitude balloons.
31.06 Provide accommodations and opportunities on launch vehicles or for re-entry and return
i capabilities.
32.01 |Manufacture low-cost, mass-efficient, large flight components.
32.02 Provide readily available, low size, weight, power, and cost (SWaP-C) high bandwidth
- : deep-space-compatible communication systems.
32. Develop an affordable and resilient - n — - - - — —
" . Provide high-efficiency power conversion using alternative radioisotopes to maximize the . . .
supply chain for space exploration. 32.03 R i . Science Mission Directorate
effectiveness of existing plutonium sources.
E fficient f i i i Lifi 1
30,04 |ENSureasufficien number of domestic suppliers can provide space qualified systems ISAM National Strategy; National ISAM Implementation Plan

within required lead times.
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