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NASA Moon-to-Mars

Practice for Mars
Exploration Demo

Demo Exploration
Framework on Mars

Human Presence
on Moon

Current Scope of
M2M Objectives

Human Presence : u - ¥ ois Future
on Mars = _ = Destinations
Partial Scope

NASA M2M Strategy and Objectives
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NASA Lunar Missions

National Aeronautics and
Space Administration

.. UNCREWED FLIGHT TEST
— .+ NASA CUBESATS

3 18T NOVA-C

N LUNAR MISSIONS

“
KPLO =
NASA SHADOWCAM

gy oe—. CLPS NASA PAYLOAD GOALS
PEREGRINE-1  GRIFFIN-1 & VIPER

* Regolith volatiles composition & h for volatiles,
= Local radialion environment below surface and in

I ITEMIS T e~ . ) shadowed regions
» ALENIS  CAPSTONE 1ST NOVA-C et
- - b « Plume/surface interactions 2ND NOVA-C
g? LUNAR 'b charged particles near surface * Drilling for volatiles
; TRAILBLAZER A » Lander prop tank gauge test
i N: R = e BLUE GHOST
MASTEN 4 ‘ XL-1 = Characterize Earth .
*k “ « Regoalith volatiles composition magnetosphere and
- R « Surface terrain & minerology Moon's interior
2ND NOVA-C J

INTUITIVE MACHINES 3RD NOVA-C SERIES-2

*k !- non x L
3 [P f e Lunar Magnetic Anomalies * Geophysi
Schriidinger Basin
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NASA Lunar Surface Science Workshop
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Danuri (Korea Pathfinder Lunar Orbiter; KPLO) |(/\S|

Launch
Time: Thursday, August 4, 2022 at 7:08 p.m. EST (23:08 UTC)
Location: Space Launch Complex 40 (SLC-40), Cape Canaveral

m—l L] High Gain Antenna ‘

Satellite

Weight: 678 kg (1495 Ib)
Communications: S-band Uplink/Downlink, X-band Downlink
Electrical: Orbit-averaged 760W power generation
Dimensions: 3.18 x 6.3 x 2.67 meters (10.4 x 20.6 x 8.75 feet)
Mission Length: One year primary mission

Solar Array 1
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PolCam/KPLO KN\

m] Understanding space weathering process on the surface of airless bodies
Bands: 320(no polarization), 430(0, 60, 120), 750(0, 90) nm

Mass: 3 kg

Power: 15W (standby: ~ 8W)

Spatial resolution: 70m

&y 34

[ Rolarzationnld) ] { A(430nm) /A(320nm) }

! !

Surface grain size distribution,
composition, surface roughness

Titanum abundance

Science Exploration Science
 Space Weathering ¢ Landing site High space resolution Ti map
* Surface fine structure ¢ Rover design and He-3 distribution
e Formation of Swirl operation Magma eruption of lunar

evolution
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PolCube & CLOVE ""S'

NASA and Korea Astronomy and Space Science Institute (KASI)

Snorre Stamnes, Beth Brumbaugh, Vianni Ricano Cadenas, Matthew Brown

@ The PolCube CubeSat Polarimeter Mission: A Collaboration between

PolCube

., Polarization

N
N
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NASA CLPS (Commercial Lunar Payload Services) K/\SI

NASA CLPS Provider

+ Spacecraft/lander/rover
* launch

+ Cruise, landing

* Operation/communicat

. l ceres
ions, data return obohcs ' rv ek

Payloads +

(PRISM,
Int'l cont. ~30%)

0 Government-funded project (2020 ~ 2027) based on KASI-NASA Exploration Science
Working Group Charter (May 2019)

o KASI will provide four science instruments to NASA CLPS program

Discovery Across Lunar Observations - KASI



o Objectives

o To measure high energy charged particle

LUSEM Sensor

o To understand the space weathering process Head (L5H)
o To understand the interaction between the Steo Dawcirs o
lunar surface and geomagnetical field "_—') owunn uI"LTﬂ,"

o Key features

o Electrons, protons

o Both deep space and lunar surface sides

o Wider energy range than Apollo Specifications IDPU
Electron: 50 KeV ~ 3.8 MeV Fov 20° cone -
Proton: 50 KeV ~ 22.5 MeV Dimension (w/o MLI) | ~168 x 175.7 x 230.8 mm ~291.0 x 308.0 x 131.7 mm
Mass < 1.87 kg < 7.53 kg
Op. Temperature -24°C ~ +80°C -40°C ~ +80°C
Power 7 W (heater) 13.79 W(op), 18 W (heater)
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LSMAG (Lunar Surface Magnetometer) W\S|

o Objectives

o To measure the temporal variation of
magnetic field strength and direction

o To understand Paleo magnetic field by
magnetic anomaly measurement

o To understand the lunar surface

environment

o Key features

v =
Hars

o Two MAG sensors and Accelometer -

small scale variation of magnetic field Specifications  Sensor (MAG unit) Electronics (FCE unit)
: + 2000 nT (<0.2 nT resoluti
o Boom deploy after landing Fov nT (<02 nT resolution)
Dimension 1320 x 120 x 165 mmw’ 152 x 155 x 79 mw’
o Integrated study with other magnetometers Mass < 7kg
on the lunar surface by CLPS Op. Temerature -55°C ~ +70°C -20°C ~ +50°C
Power <6W
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GrainCams (3-D Surface Grain Camera)

o Objectives

o To measure the micron-scale structure of the

LevCam

lunar surface
o To measure the dust particle lofted/levitated by
electrostatic force

g SurfCam

o Key Features

o SurfCam Surface micron-scale structure camera
LevCam Lofted/levitated particle camera

Specifications

SurfCam

LevCam

o Lightfield camera technology
FoV 8.96° x 6.49° 7.45° x 5.96°
o Self-lighting Dimension ~125 x 125 x 300w | ~125 x 125 x 260 m
. Mass <41k <47k
o Dust removal mechanism 2 2
Op. Temperature -20°C ~ +60°C -20°C ~ +60°C
o Pristine surface far from landing site by rover Power 12w 10W

o Temporal observation during lunar dusk
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LVRAD (Lunar Vehicle Radiation Detector) W\S|

o Objectives
o To understand the radiation environment on the lunar surface
o To understand the impact on humans of radiation exposure

o To estimate water existence below the lunar surface

o Key Features
o PDS: Particle Dosimeter and Spectrometer
o TED: Tissue Equivalent Dosimeter

o NS-F: Fast Neutron Spectrometer
NS-E: Epithermal Neutron Spectrometer

Specifications PDS + TED
Direction Omni-direction Lunar surface
Dimension (each) 80 x 300 x 200 mm’ x 3 modules
Mass (each) < 2.8 kg x 3 modules
Op. Temperature 0°C ~ +30°C
Power <86 W <115W <91 W
+ 25 W(heater) | + 25 W(heater) + 25 W(heater)
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Artemis Landing Sites

““Peak Near

) .“ hackleton de Gerlache-Kocher

Massif
Connectmg Rldge :

Amundsen Rim

Nobile

NASA Lunar Surface Science Workshop
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Lunar Surface Mobility
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Commercial Space Exploration |(/\S|
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Korean Lunar Lander KI\SI
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SPACE LAUNCH SYSTEM BLOCK 1

A

AIEMIS

Key Components and Functions

» High payload mass and = Ability to send Orion, crew,
volume capability and cargo to the lunar vicinity
on a single mission

The Space Launch System (S
a new era of human e tion beyond Eartl

EXPLORATION GROUND SYSTEMS

A

ATEMIS

Key Components and Functions

s SLS Launch Pad 39B o Mobile Launcher
« Crawler-transporter « Landing pads
« Vehicle Assembly Building » Landing runway

op and operat Y
ch government and

Of2H|O| A A=

ORION CREW VEHICLE

A

AUEMIS

Key Components and Functions

Habitable & stowage volume « Independent communication
ECLSS system

Crew guarters Independent power generation
Independent Guidance, Independent thermal control
Navigation, and Control

(GN&C)

on the ]
and sustaining a
isumables) or |
stem that allows Orior

DEEP SPACE NETWORK

/\

AIEMIS
LEM

Key Components and Functions

+ Upgraded to provide 100 Mbps  Canberra, and Madrid
downlink, 20 Mbps uplink + Services compatible with

+ 2antennas upgraded ateach intenational partner ground
DSN complex: Goldstone, stations

Upgrades to the Deep
provide continuous high-rate
Gateway, Human Landing System

from payloads planned for the
Deep Sp: N
challenge

COMMERCIAL LUNAR PAYLOAD SERVICES

Key Components and Functions

« End-to-end payload delivery e Delivery of science instruments
services and technology demonstration

« Small to medium payloads, payloads on and at the Moon
initially up to ~500 kg

jices (CLPS) provides
Il and medium ps

ntual return of human

POWER AND PROPULSION ELEMENT

A

Key Components and Functions

= High-gain communications with wheels) and propulsive (e.g.,
Earth, space-element to space- thrusters) control
element communication, and Generates 60 kW+ power
lunar surface relay Transfers power to the
Command and control Gateway elements
capability Thermal control
Provides translation delta Accommodations for science
velocity (AV) with 12.5 kW and technology demonstration
electric propulsion payloads
Maintains attitude via non-
propulsive (e.g., momentum

The Power and Propulsion Element (PPE) will be integrated with the
O and launche: lunar Near ar Halo Orbit

Discovery Across Lunar Observations - KASI

VOLATILES INVESTIGATING POLAR
EXPLORATION ROVER

Key Components and Functions

= Caries the Neutron
Spectrometer System (NSS),
Near-Infrared Volatiles
Spectrometer System
(NRVSS), Mass Spectrometer
QObserving Lunar Operations
(MSolo), and the TRIDENT drill

« Driving distance of 10s of km
e« Survives the lunar night for
100-day mission duration

Planned

PER will collect abo
rst global wa

HABITATION AND LOGISTICS OUTPOST

Key Components and Functions

Habitable and stowage volume « Thermal control

ECLSS pressure control « Provide communications wi
system, inter-modular visiting vehicle and lunar
ventilation surface

Distributed Integrated Modular = Support external robotics &
Avionics (DIMA) architecture payloads via LPGFs and
Power pass-through for other SORIs

Gateway elements

post (HALO) will be inf
ymmercial vehicle to the Near




DEEP SPACE LOGISTICS

l\

TEMIS

Key Components and Functions

o Independent guidance,
navigation, and control payload/cargo mass
o Independent communication From 1,000 to 2,600 kg of
system unpressurized payload/cargo
« Independent power generation mass
and thermal control Stowage volume
= Cargo resupply and trash
disposal

Up to 5,000 kg of pressurized

They also provide stowage
way and trash disposal upon departure.

HUMAN LANDING SYSTEM

Key Components and Functions

« Habitable volume * Communications
= Power generation * GN&C
Energy storage « ECLSS, tanks and consumables
Propulsion (chemical) EVA equipment/
Thermal control accommodations
Avionics

me to Earth. Early HL:

for two crew, with late inable HLS accommodating

[2E| O] A A =l

EXPLORATION EXTRAVEHICULAR
ACTIVITY SYSTEM

Key Components and Functions
High mobility pressure garment ¢ Common system servicing
Portable Life Support System and geology tools
with motherboard-style Vehicle interface systems
packaging and equipment
Integrated communications
and informatics systems

uipment f
 fit into multiple

LUNAR TERRAIN VEHICLE

ATEMIS

Key Components and Functions

« Limited power generation » EVA/ crew accommodations (2

« Energy storage crew)

« Avionics Payload stowage volume

= Communications Tele-operated science
accommadations

24 human lunar return
nabling me

sloration. The LTV also can be te

ring the non-crewed lunar period

ass

R
Key Components and Functions

+ Global network of 18-meter  « Additional capacity for Artemis
class antennas

+ Services compatible with
DSN's 34-meter subnet

systems
« Potential for commercialization

s antennas critical to

clas: eeting future dem
and tracking services created

ined Luna;

y science missions al
\SA will pursue opportunities fol

HABITABLE MOBILITY PLATFORM

L -
Key Components and Functions

= Habitable volume » Communication
« ECLSS « Power generation and storage
= Avionics = EVA suitaccommodation

ons and enable new s
The HMP will be
oon to reduce risk
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LUNANET

A

ATEMIS

Key Components and Functions
+ Networked communication * Architected ta accommodate NASA,
: commercial, and intemnational pariner
services ) Sl
* Lunar PNT services « Inclusive of lunar relay, lunar surface,
nce and alert services and Earth assets
* Mars forward architecture

s-Lunar spa
science, and human
nication, PNT, science,
is scalable to meet
th pole and Lunar far side
age as demand grov

FOUNDATION SURFACE HABITAT

Key Components and Functions

Habitable and stowage « Provide communications

volume with surface elements and

ECLSS Gateway

Power pass-through for other  » Support external robotics
ments & payloads

« EVA suit compatibility or
airlock

Thermal control
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LUNAR/MARS SURFACE POWER

Key Components and Functions

Surface architecture depends e Lunar and Mars commonality
on power capability delivered assessment desired

with landers

Power level dependent on

propellant type and transfer

strategy

Discovery Across Lunar Observations - KASI

LUNAR SURFACE INNOVATION INITIATIVE

Key Components and Functions

In-situ resource utilization
Fission surface power
Extreme access

= Excavation and construction
= Lunar dust mitigation
» Exireme environments




Utilities in Moon and Mars Era KN\

INFRASTRUCTURE OBJECTIVES

L

= n H—
Lunar HM .‘ -
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.

Develop an incremental lunar power generation and distribution system that is evolvable to support continuous

L.

Het robotic/human operation and is capable of scaling to global power ufilization and industrial power levels.

L2t Develop a lunar surface, orbital, and Moon-to-Earth communications architecture capable of scaling to support
. long term science, exploration, and industrial needs.

-3 Develop a lunar position, navigation and timing architecture capable of scaling to support long term science,
i exploration, and industrial needs.

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

L5 Demonstrate precision landing capabilities in support of continuous human lunar presence and a robust lunar
) economy.

L6 Demonstrate local, regional, and global surface transportation and mobility capabilities in support of continuous
= human lunar presence and a robust lunar economy.

L7 Demonstrate industrial scale ISRU capabilities in support of continuous human lunar presence and a robust

lunar economy.
L8 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/robatic lunar presence.

U-9=

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

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

Mi-2t: Develop Mars surface, orbital, and Mars-to-Earth communications to support an initial human Mars
. exploration campaign.

MI-3% 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.
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Summary |(/\S|
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