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Today’s High Data Intensive Missions

= Evolving instruments, payloads, and
needs are driving data volume demand

= The Plankton, Aerosol, Cloud and
Ocean Ecosystem (PACE) mission,
launched in 2024, produces 5 terabits
of data per day

* The NASA-Indian Space Research
Organization (ISRO) Synthetic
Aperture Radar (NISAR) mission, to be
launched in 2025, will produce 85
terabytes of data per day

» This class of mission creates three orders
of magnitude more data than the Hubble
Space Telescope (HST)

» Exponential demand growth will strain
NASA'’s current network capabilities

National Aeronautics and Space Administration




The Deep Space Network

* Today, NASA’s deep space communications are ars TECHNICA
provided by the Deep Space Network (DSN), a
worldwide network of radio frequency ground OVERSUBSCRIBED—
stations located in Australia (Canberra), Spain NASA officials sound alarm over future of the Deep
(Madrid), and the United States (Goldstone, Space Network
Califo rn ia)- "I'm not sure who thought it was a good idea to put up CubeSats with Artemis I."

* Each of the three DSN sites has at least four SIEPHEN CLAR rRgz0zs, 2z
antennas with ultra-sensitive receiving systems:

* One 70-meter antenna

NASA

* Three or more 34-meter beam waveguide Office of Inspector General

a nte nnas Audit of NASA’s Deep Space Network okreibar resendi IRp

20,000

18,000 335

 The DSN has been a huge success since its inception.
However, the DSN is at capacity and oversubscribed.

16,000 29.8
14,000 26.0
12,000 223

* At times, demand exceeds capacity by > 40%

10,000 18.6

8,000 14.9

6,000

* Furthermore, future deep space science missions
will require higher data rates than possible today.
The sustained human exploration of the Moon and
eventually Mars will also exceed the current

capabilities of the DSN.
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2,000

2010 2015 2020 2025 2030 2035 2040
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The Tracking and Data Relay Satellite System

= Origins of NASA's Tracking and Data Relay
Satellite (TDRS) System were with the Space

» Options for new TDRS spacecraft is not
supported by US National Space Policy

* As of August 8, 2024, NASA suspended

acceptance of new mission commitments for
—the first launched in 1983 and the last satellite in 2017 TDRS Support

Shuttle and the driving need for 24x7
coverage

* Built up over decades with three generations of satellites

Capabilities incrementally improved, but the

fundamental architecture remained consistent over 40+

years -

= The TDRS Fleet is anticipated to be reduced to 3 S
satellites as early as 2028 [

* Preventing new missions from entering the service queue is % TDRS-as

critical to risk mitigation

O&M of the remaining fleet will be focused on retaining global | obit e y

coverage into the 2040s for current users (e.g., Hubble Space 300km above GEO orbit

Telescope)

National Aeronautics and Space Administration



A Pivot to Commercial Space Relay

’ N spacex  SES' viasat*V TELESAT  amazon | project kuiper
" In 2020, NASA’s Space Communications and +Inmarsat

Navigation (SCaN) Program defined a
strategy to transition NASA’s Low Earth
Orbit missions to commercial Space Relay
services

Commercial services will provide
transformative new capabilities to
science missions

Communications Services Project (CSP)
is targeting operational commercial
space relay service by 2031

Commercial ?:’,,x .
Network *\

A7
7
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Unlocking Next Generation Technology & Services Through CSP

Communications Services Project (CSP)

Commercial Geosynchronous Orbit (GEO) 'ﬁ‘?

L-band relay network

inmarsat NASA announced on April 20, 2022 that the CSP awarded
; contracts totaling $278.5 million to demonstrate how

Optical Low Earth Orbit (LEO) network commercial satellites can support NASA missions.

won | project kuiper

Six providers are matching / exceeding the awards

GEO C-band and Medium Earth Orbit (MEO) SESA with own funds. Estimated total investment of

Ka-band networks

GOVERNMENT SOLUTIONS $1 .5 billion over five years.

Optical LEO network : Vendors are progressing successfully
SPACEX through their agreed to milestones.
Demonstrations will continue

RF relay networks offering C-band and Ka-band through mid-2027
services '

GEO Ka-band relay network




WHAT IS STMD?

NASA's Space Technology Mission Directorate (STMD) is charged with developing the téchnology
base for civil space, enabling key capabilities for all aspects of space exploration and discovery.

This is accomplished with limited resources and a need for balanced portfolios across various
technologies.

A critical technology area for NASA is
Communications & Navigation

What can STMD do in this area?
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Civil Space Shortfalls

* In 2024 STMD compiled an initial list of 187
shortfalls organized into 20 capability areas

 The shortfall description document and feedback
form were organized accordingly

ID | Shortfall Title
498 |Broad and dependable supply chain for space-qualified robotic hardware,
electronics, and associated software

ID | Shortfall Title
7 | Position, Navigation, and Timing (PNT) for In-Orbit and Surface Applications

D Shortfall Title
1430 | Small Spacecraft Propulsion

Description

Metrics

STMD identified an initial list of 187 shortfalls and invited the
community to give input on your critical technology needs using
this feedback mechanism.

National Aeronautics and Space Administration

Capability Categories

Advanced Habitation Systems
Advanced Manufacturing

Advanced Materials & Structures
Autonomous Systems & Robotics
Avionics

Communication & Navigation
Cryogenic Fluid Management

Dust Mitigation

Entry, Descent & Landing
Excavation, Construction & Outfitting
In-Situ Resource Utilization
In-Space Servicing, Assembly & Manufacturing
Orbital Debris

Power

Propulsion

Sensors & Instruments

Small Spacecraft

Surface Systems

Thermal Management Systems

Miscellaneous

# of Shortfalls
16
12
4
23

13

10




Communications & Navigation Shortfalls

Driven by stakeholder needs, four high-priority
Communications & Navigation technology shortfalls were
identified:

 In-Situ Position, Navigation, and Timing
(PNT) for In-Orbit and Surface Applications

« High-Rate Communications Across the
Lunar Surface

* Deep Space Autonomous Navigation

# « High-Rate Deep Space Communications




Moon to Mars — First Step is Artemis

Beyond the
establishment of the
lunar outpost and
more sustainable
operations, emphasis
shifts to moon-to-
Mars, implying
increasing
communications

Sustainable operations with crew landing Pressurized rover delivered for Surface habitat delivered, allowing up to demands
First lunar surface expedition services; Gatewa_y enhappements with greater explloratlon range on four crew on th_e surface for longer periods
through Gateway; external refueling capability, additional the surface; Gateway enables of time !evgrag{ng ext.racted resources.
: 4 communications, and viewing capabilities longer missions Mars mission simulations continue with
o system added b orbital and surface assets
Gateway; Lunar Terrain Vehicle

delivered to the surface

Crew g 4 Fission

- Landing ; )" | Surface <l

| e [ Services é_; N ; = !

=T ﬂr /I 8= — it Pressurized Powsr E Surface
} ! Rover y Habitat

+ B> ISRU Pilot

. o Vg i
a [ = Plant
ﬁ;'/é’ : AN el N
i ey ‘N A
F 5l

L
4

Lunar Terrain Vehicle (LTV)

SUSTAINABLE LUNAR ORBIT STAGING CAPABILITY AND SURFAGE EXPLORATION

National Aeronautics and Space Administration




Communications & Earth Visibility — Lunar South Pole

For two weeks Earth is visible for DTE communication; two weeks it is not



Lunar Relay

d Some spacecraft and missions to the Moon will require
relay spacecraft services to maintain a communications
link with Earth

= Exploration missions to the South Pole region have constrained
operational windows for Direct-to-Earth communications and
limitations imposed by local terrain and multipath losses due to the
Earth being very low on the horizon. Relying on Direct-to-Earth
communication, without a relay, limits consistent landing site
availability throughout the year.

= All robotic science missions to the far side, as well as some
missions to other regions, will require relay services.

O Other lunar missions benefit from a relay capability due
to the Size, Weight, & Power advantages it can offer
with a shorter link length and increased availability

O Lunar Relay Capability — initial capability to be provided
via commercial services:
= |nitial South Pole / Far Side focused coverage
= Ka-band: return (50 Mbps), forward (10 Mbps), radiometric tracking
» S-band: forward and return (36 kbps), radiometric tracking
= Networking Services: IP and DTN

= PNT: Continuous radio navigation broadcast (analogous to GNSS)
and radiometric tracking — initial step toward a lunar counterpart to
GPS

National Aeronautics and Space Administration



Description

Eventually there will be a proliferation of devices on the lunar surface whose
communication needs exceed the scheduling capacity of lunar orbital relays
and direct-to-Earth (DTE) links or whose individual size, weight, and power
(SWaP) constraints prohibit use of relay/DTE for Earthbound

communication. High-rate surface links will be required to interface to these
devices and mediate access of their on-demand communications needs to the
more managed, long-haul links back to Earth. Use of standardized
protocols is desired to maintain broad compatibility and interoperability
between end users of these services and a diversity of commercial
communication providers.



Baseline Artemis Ill Surface Communications Architecture

: Legacy voice
-- . Wi-Fi Video
: Direct-to-Earth/
Relay




Notional Artemis V Surface Communications Architecture

: Legacy Voice
---- : Wi-Fi Video
: Direct-to-Earth/
relay

DTE or via Relay:




First Cellular Network on the Moon

o In October 2020, NASA selected Nokia to advance
communications technologies that will foster the
development of commercial space capabilities and benefit
future NASA missions.

o Nokia will deploy the first LTE/4G cellular system in spacé,
testing critical communication capabilities on the lunar
surface. Mission duration is up to 12 days (Lunar Day).

Key Objectives:
* Integrate Nokia's 4G/LTE network assets onto Intuitive Machines’ NOVA-C lander and Lunar Outpost’s MAPP rover
« Soft land on the Moon south-pole area near the Shackleton Connecting Ridge

« Verify the 4G/LTE network performance in two main scenarios: for short-range (~100-300m) and for long-range
(>2km) surface communications




Nokia 4G/LTE Lunar network key components

MAPP Rover and NOVA-C
IM Micro Hopper Lunar Lander

Mission Control (Earth)

l_‘_\

LTE Radio Directto ~ Ground
ke h Earth Link  Station o
Interface R s o e
- . =] I i AENERE RIETY
— - F ' “ ><—> " :
4G/LTE User  4G/LTE UE 4G/LTE BTS 4G/LTE Network Ground Network
Fquipment  Antennas Antennas in a Box (NIB) Control

Nokia 4G/LTE Solution Components

National Aeronautics and Space Administration




Notional Artemis V 3GPP Extension (Nominal EVA)

DTE or via Relay:

: Legacy Voice
- Wi-Fi Video
: Direct-to-Earth/

Relay

: 3GPP Cellular



Notional Artemis V 3GPP Extension (Emergency Walkback)

DTE or via Relay:

: Legacy Voice
-- : Wi-Fi Video
: Direct-to-Earth/

Relay

: 3GPP Cellular



3GPP/5G Surface Wireless Network

What and Why:

» 3GPP/5G cellular technology will provide a robust lunar surface communications and navigation infrastructure that is
incrementally scalable to enable long-term exploration and industrial needs

« Essential to address surface and orbital link proliferation
« Enables direct surface/local communication and aggregates data for transition to backhaul
« Enables efficient routing of data

Execution
* Build on intermediate investments

« Continue to leverage LunaNet for interoperability

» Surface data aggregation with RF and/or optical links to
relay _, o
* Enable base-to-base connectivity RO ——T T
* 5G base stations plus several central hubs s '

* Connected via fiber optics, microwave links, optical
links

Augment PNT support o e -'
e User derived data channels from local 5G network :
* Augmented by LunaNet network broadcast data

* Potential direct relay support via Non-Terrestrial
Network (NTN) features




All future lunar deployments, economic and industrial activities need advanced voice, video, data and control
communication solutions. ¢

—

A standardized deployment and solution architecture leveraging commercial 3GPP technologies will benefit all %
government, commercial and private stakeholders.
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Moon to Mars Exploratloq
Campaign elements and systems have co

on appllcatlons enablmg ver§at|I|ty across missions
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Already Spiking Deep Space Network Demand

High-demand
missions are already
impacting the Deep
Space Network

= JWST alone uses 10%
of DSN capacity

= Each Artemis launch
leads to a major
demand spike; these
challenges grow with
later missions

= |nfrastructure support
has not kept up

National Aeronautics and Space Administration

Hours (Per 28-day Interval) Equivalent Antennas
20,000
Demand Hours =
18,000 B
mm Fxcess Demand =
16,000
Capacity of the DSN :
14,000
12,000
10,000
8,000
6,000
4,000
2,000
0
2010 2015 2020 2025 2030 2035 2040

NASA Office of the Inspector General, 7/12/23
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Description

High-rate communications from the Moon and beyond is needed to
enable future space exploration and science missions. For example,
a robust communications infrastructure will be needed to support a
sustained human presence on the Moon and its eventual
industrialization. High data rate trunk lines between the Earth and the
Moon are needed to reduce the number of individual links. The
human exploration of Mars will also require high-rate communications
between Earth and Mars. Return data rates to Earth, for example, are
anticipated to be > 100 Mbps; forward data rates to Mars, based on
experience from the International Space Station, are anticipated to be
> 20 Mbps. Future deep space science missions will also require
higher data rates than possible with today’s technology.

Y



Mars Telecommunications Challenges

Telecommunications scales as the square of distance
« A transmit-receive system that can support 1 Megabit-per-second on a Moon-Earth link
would only support 1 bit-per-second from Mars!
 Drives the need for larger apertures and higher transmit power or NEW TECHNOLOGIES

Large Earth-Mars distance also results in long Round-Trip Light Time (up to ~45 min at max

range)

* Drives need for high levels of autonomy on Mars spacecratft

National Aeronautics and Space Administration

DESTINATION DISTANCE NORMALIZED R?
Geostationary Orbit ~40,000 km 1
Moon ~400,000 km 100
Mars Up to ~400,000,000 km 100,000,000




STMD’s Mars Capability Goal: 20 Mbps Forward / 100 Mbps Return

» Today, the highest data rate used to date to a single 34m DSN terminal at maximum Mars range is 500 Kb/s (when
Mars is closest to Earth, data rates of ~5 Mb/s can be achieved).

* STMD envisions a future at Mars where a return data rate to Earth for a single link for crewed exploration will be on
the order of 100 Mb/s. Likewise, forward data rates to Mars to support crewed exploration will be on the order of
20 Mb/s, based on experience from the International Space Station. These data rates will be required when Mars is
at maximum distance from Earth, which is the baseline distance used for all Mars planning analyses.

From the 2024 Moon to Mars Architecture Workshops:
Example 850-day Roundtrip Mission

«» 450 50
T S 400 —Barth 45 3
= 2 T CommDelay 49 8
p= - N a
E 350 P o
E 200 el S _ 35 £
2 / ~35-40 Minutes 308 @
2 250 ’ : c J
3 / Roundtrip Delay 25 2 2
O 200 / ' =
c / when Crew is at 20§53
7/
g 150 @,/ \WETS 15 o
Q =
s T il N
Solar Conjunction Causing 0o =~ £t T 0
Communications Disruption 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850

Mission Day



Have to Operate within a Few Degrees of the Sun

« A critical design driver is developing an Earth terminal concept that
can operate to within a few degrees of the Sun to minimize the days of
outage.

« However, being able to operate with small Sun angles is not
as critical for Jupiter and beyond.

National Aeronautics and Space Administration

Planet 12 deg 6 deg 3 deg 1 deg
Mars 86 days 43 days 22 days 7 days
Jupiter 32 days 16 days 8 days 3 days
Saturn 28 days 14 days 7 days 2 days
Uranus 26 days 13 days 6 days 2 days
Mars 1|24 km/sec
Neptune 25 days 13 days 6 days 2 days
Pluto 25 days 13 days 6 days 2 days g
Jupiter - 14 km/sec



Deep Space Optical Comm

First Optical communications demo beyond earth-moon system

Sponsors STMD/Technology Demonstration Mission
*  Flight terminal
Project Lead
SOMD/Space Communications and Navigation
*  Ground network
SMD
*  Host Mission
¢ 7120.5E, Category 3, 8705.4 Payload Risk Classification D
Category
Psyche PI Lindy Elkins-Tanton (ASU)
Host PM Henry Stone (JPL)
Lifetime 2 year

Ground Laser
Transmitter (GLT)
Table Mtn., CA

Ground Laser Receiver
Palomar Mtn.,

Flight Laser “
Transceiver (FLT) Y

N
°
o
Q&
\\(\
R\}
&
> DSOC- ¢ 133 Mbps @ 0.25 AU
N PROG1 > 200 Kbps @2.8 AU
(on ground pre-
launch)
DOC-PROG2 >6.3 Mbps< 1.5 AU“
Deep Space >1 Mbps>1.5 AU
— ——Net psoc-% 1.6 Kbps @ 0.25 -
“DsN) PROG3 1AU
e (numerous
RF-Optical s
SaHybrid (RFO)E
i ) DSOC- Operate in space for

,,,,,,

®s
¥ v

- *PRoGs at least 1 year



RF Capability

‘ Return Data Rate ‘ ‘

0.1 1 104
Feasible with Today’s Current Technology 3.1 Mbps
Feasible with Today’s Current Technology ‘ 11.4 Mbps

Achievable Future Capability — Antenna Size and Power are Challenging but Doable

Future Capability — Antenna Size Challenging, Power an Extreme Challenge

Current Capability — DSOC Reference

Achievable Future Capability — Power Achievable Now

Achievable Future Capability — Array of Two 8m, 11.3m equivalent

Achievable Future Capability — Space Hardened Long Life 50 Watt HPOA Required

Spacecraft RF ™ Spacecraft Power for RF Spacecraft Power for Optical Spacecraft Optical
antenna size (m) L TX, 100W (50% eff) Transmit, 100W (10% eff) Transmit Aperture (cm)

100 Mbps

:
B

Optical Receive
Aperture (m)

Not to scale

Range | .| Mbps
1000 10000
Q 3m 400 W i Single 34m DSN
PN
"""/ Four Arrayed
3m 400 W T T T,
Q BRRE 34moDsN
1000 W I
- - _ Four Arrayed
TR TR 34mDsN
3630 W -, Single
g 34m
/%L pSN
50 cm
o) 200 W
50 cm
o 200 W Array of 2 8m
50 cm
(0) 500 W @@@

@@@ Array of Six 2.5m



A Vision for NASA Communications

Contour Map for the Solar System
Edge of the Solar

LaGrange

100 1 : 100
Gbps «... Gbps Mbps

50,000 km * 1.5M km 100M km

.'\ \



Notional Examples of the Impact of Achieving the

Communications Vision

Edge of the Solar
System

~LaGrange

24 [ 7 imaging

|

r
3 s .1 i.e., remove the constraint of the
[ransmit two years of Hubble data

Instead of imaging 5% of the,
surface in 15 years with an MRO,
like asset, image 100% of the
surface every 3 years

s o= JWST only imaging for a couple of
in two minutes , ey -
hours some days due to buffers

being full)

100 - 1 A 100
.. Gbps .. Gbps .. Mbps
50,000 km . 1.5M km 100M km
N N - S A
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STMD’s Envisioned Future Priority Packages

Space Technology Mission Directorate (STMD)
and transf . high pay-off space technologies, driven by diverse ideas.

STMD rapidly develops,

NASA's Space Technology Mission Directorate (STMD) organizes the agency’s
technology investments into the Strategic Framework, with the goal of addressing

its desired through

chnology develop The fi

comprised of 18 Capability Areas, grouped into four categories of investment

called Thrusts: Go, Land, Live, and Explore.

& Read more about STMD Envisioned Futures 715.7 KB

Go

Rapid, Safe, and EfMcdent
Space Transportation

Land

Expanded Access to Diverse
Surface Destinations

L.
Sustainable Living and Working
Farther from Earth

Space Nuclear
Propulsion

Develop nuclear technologlies en-
abling fast in-space transits.

©

2.1 MB PDF Watch

Precision Landing and
Hazard Avoidance

Develop capabilities to enable
lighting-independent precise
landing on any terrain.

o 0

5.5 MB PDF Watch

Advanced Habitation
Systems (AHS)

Keep astronauts healthy and
productive while living in space
and planetary vehicles.

©

2.4 MB PDF Watch

Each strategic outcome includes an Envisioned Future that further describes [ )

ble futures

 NASA’s Envisioned Future for each Strategic Outcome

the

p bled by achieving the NASA is
community to validate and improve the end state described in these Envisioned

Futures, and update the framework as appropriate. STMD will use these updates

to collect technology gaps, prioritize, and plan future content and investments. Y

the Envisioned Futures Priorities

(S ———

Cryogenic Fluid
Management
Develop cryogenic storage,

port, and fluld
technologies for surface and in-
space applications.

>

1.9 MB PDF Watch

Entry, Descent, and
Landing to Enable
Science Missions

Develop capabilities enabling
small to large missions to effi-
ciently enter any atmospheres
within our solar system.

o ©

2.8 MB PDF Watch

In-Situ Resource
Utilization

Develop scalable ISRU produc-
tion/utilization capabilities in-

cluding sustainable commodities

on the lunar and Mars surface.

©

2.8 MB PDF Watch

Advanced Propulsion
Produce advanced propulsion
technologles that enable future
sclence/commercial/exploration
missions.

2.3 MB PDF Watch

Explore

Transformative Missions and
Discoveries

20t and Lunar/Mars
Global Access

Develop capabilities to support
global access to the moon and
Mars including accurate predic-
tion of plume surface interaction.

y

o L)

3.2 MB PDF Watch

Power and Energy
) Storage Systems

Develop sustainable power
sources and other surface utili-
ties to enable continuous lunar
and Mars surface operations.

B

m"’-— C E 4

&
o © 4
2.6 MB PDF Watch v ’

techport.nasa.gov/framework

Advanced Avionics

Develop advanced avionics to
meet agency objectives, includ-
ing radiation-hardened space-
flight computing technologies.

©

2.2 MB PDF Watch

Communications and
Navigation

Develop communication, naviga-
tion, and timing approaches to
support diverse asset (human or
robotic) needs including estab-
lishing asset location in-space.

6.1 MB PDF

Advanced
Manufacturing

Develop both terrestrial and in-
space manufacturing technolo-
gles to make commercial and ex-
ploration missions more capable
and affordable.

©

2.6 MB PDF Watch

In-space Servicing,
Assembly, and
Manufacturing (ISAM)
and Rendezvous,
Proximity Operations,
and Capture (RPOC)

Develop technologies for in-
space creation, maintenance,
and evolution of space assets
leveraging expanding in-space
infrastructure.

O L)

5.9 MB PDF Watch

NASA’s understanding of the State of the Art

NASA’s near-term high priorities relative to each outcome

* Presentations and videos available at:

Autonomous Systems
and Robotics

Develop autonomy and robotics
technologies that enable and en- ‘
hance the full range of science
and exploration missions (both -
with and without crew).

O (> g
4.7 MB PDF Watch
>
Small Spacecraft

Technologies :‘;f

Develop technologies for small e
spacecraft and responsive launch #
to rapidly expand space capabili-
ties at dramatically lower costs.

1.6 MB PDF Watch




STMD leverages NASA expertise and industry partners to advance needed technologies

nasa.gov/civilspaceshortfalls

Stay up-to-date on funding opportunities through STMD: techport.nasa.gov/opportunities
« Send us your ideas to advance civil space technologies!

Review the integrated ranked shortfall list and participate in future feedback opportunities:


https://techport.nasa.gov/opportunities

BACKUP

37



Data Rate Examples

= POTS Voice Grade Channel: 64 Kbps

Comm Online Activity on Earth | Minimum Data Rate Recommended Data Rate

= 1080p Video: 3 —6 Mbps (depending on the codec) g vail checking 0.5 Mbps 1 Mbps
= 4K Video: 15 -32 Mbps (depending on the codec) Web Browsing 1 Mbps 25 Mbps
HD Video Streaming 5 Mbps 8 Mbps
= Typical 4G/LTE Cell Phone Download: 12-30 Mbps Video Conferencing 2 Mbps 8 Mbps
(Max is 150 Mbps)
4K Video Streaming 15 Mbps 25 Mbps

= Typical Residence Internet Connection in the United
States: 42.86 Mbps (from HighSpeedinternet.com)
- 242.38 Mbps (from Speedtest.net)

Maximum Data Return from Mars TODAY at Maximum
Range with one 34m Antenna:

Approximately 0.5 Mbps, at X-band, on MRO, with its 3m
HGA and 100W TWTA. That HGA and TWTA are the
largest ever flown to Mars. Cassini, however, had a 4m
antenna.

= Space Shuttle: 216 Kbps Forward / 50 Mbps Return
= Space Station: 25 Mbps Forward / 600 Mbps Return

" Gateway: 20 Mbps Forward /100 Mbps Return Approximately 0.5 Mbps at Ka-Band, on MRO, with a 35W

TWTA. However, the Ka-Band system was only used near

" HLS: 10 Mbps Forward / 24 Mbps (48 Mbps in Earth due to a transistor failure in an amplifier.

Discussion) Return



NASA'’s Moon-to- I\/Iars Blueprrnt ObjectrveS

* 63 Top-Level Objectives across 10 Top Level Goals
o 26 Scrence (6 Goals) Led by SMD | Bl '
B 3 Infrastructure (2 Goals) — Led by SO6 .




Infrastructure Objectives (1 of 2)

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-1%:

LI-2L:

LI-3t:

LI-4L:

L|-5L:
LI-6L:

LI-7L;
LI-8L:

LI-Ot:

Develop an incremental lunar power generatron and drstrlbutron system that is evoIvabIe to support continuous robotic/human operation
and is capable of scalrng to global power uti '

Develop a lunar surface orbital, and Moon to-Earth communrcatrons archltecture capable of scalrng to support long term science,
exploration, and industrial needs.

Develop a lunar position, navigation and timing architecture capable of scaling to support long term's
needs. . ;

Demonstrate advanced manufacturing and autonomous construction capabilities in support of continuous-human lunar presénoe anda -
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)



Infrastructure Objebtives (2 of -2) 

Mars Infrastructure (Ml) Goal: Create essential infrastructu're'to support initial human Mars exploration campaign.

PO
"

3 MI—lM:QQEY .'.I \Aarc '.‘, o s 2 b O A A s o i S "-. 4_ ,..,,. 5‘ “_,:. = Or@tion. C?mpaign. ‘

T T

wuman Mars exploration.éampaign.
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