NASA Information Techhbi'ogr'
Space Missions: Prese-v.—-t and

\1" I>‘

5 (/ X
IEEE Space Mission Challenges for Informa(tlon“ﬁ'@crmology

Welcome and Plenary Address : .;»\ i
RN bt
August 30, 2024 Vi \%‘ 0 g

Dr. Eugene Tu

Director, NASA Ames Research Center




C\--
O
o
<
P
<
Z
7p)
Q
O
o
©
L




NASA Centers

’; = .,,.m'.‘
PEICS

\ e X ; : i it e e

earch C

Glenn Research~Center Goddard Sg of

Flight Cente

5.2 iy : ~

Afnes Research Center

S 2
. m
-

Armstrong Flight

Research Center

Center ;




Ames Aeronautical Laboratory

NACA's Second Laboratory

“Langley Memorial
Aeronautical Laboratory” “Ames Aeronautical Laboratory” “Aircraft Engine Research Laboratory” “Muroc Flight Test Unit”

Langley Research Center (LaRC) Ames Research Center (ARC) Glenn Research Center (GRC) Armstrong Flight Research Center (AFRC)
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Occupants (FY23) Real Propert Budget (FY23)
~1,300 civil servants; ~1,900 on-site contractors ~1,900 acres; 400 acres security perimeter ~$1B (includes reimbursable/EUL)
~5,800 NRP workforce -
5M building ft2

~700 students (OSTEM, Pathway, NRP(CMU) & Chabot SCC)
Airfield with ~9,000 and 8,000 ft. runways S



Major Research Facilities

Wind Tunnels Arc Jet Complex
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Core Competencies

Advanced

Air Traffic Management Entry Systems Computing & IT
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Cost-Effective Astrobiology & Space & Earth
Space Missions Life Science Sciences
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Modeling & Simulation — Critical to Vehicle Design*

and Mission Analysis

Launch Abort

Orion

Passive particles seeded at nozzle
exit and vehicle surface colored by g Mo
pressure for a simulation of the
Orion launch abort system during a
low altitude high angle of attack M
transonic abort scenario.
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Pleiades Electra Aitken Cabeus

g
\® <}

6 PFLOPS 228K cores . 9.1 PFLOPS 310K cores 7.5 PFLPS 10K cores, 2M GF‘US

Launch Environment
Space Launch Vehicle

Multiphase launch environment
simulation of SLS during take-
off at KSC Pad 39-A.

Particle traces colored in time during
SLS Stage Separation even

SRB Separation

Space Launch Vehicle




_ Origins, Spectral Interpretation, Resource
OSIRIS-REX Identification, and Security — Regolith Explorer

Robotic Teammates To Working
Alongside Astronauts On The ISS Adaptive Digital Assembly Systems




Astrobee
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A free-flying robotic system helping with routine duties, Ieéving
astronauts to focus more on high priority tasks only humans can do
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’ Working Independently

ISS

with Au

tonomous Free-Flying

Astrobee Robots
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Astrobeg,

software

Astrobee is a free
(Source code for:

The Astrobee Col
Astrobee robots 0
commands in Tel@
and Segments tha
Station to wake uf

The Astrobee Col
(VERVE) that has
(ISS).

Astrobee Control

Open Source ¥ Enterprise v Pricing

[0 README &[5 Apache-2.0 license

Astrobee Robot Software
About

Three NASA Astrobee free-
flying robots have been
operating inside the
International Space Station
(ISS) since 2019. This
astrobee repository contains
source code for the Astrobee
Robot Software, consisting of
the flight software that runs
onboard the Astrobee robots, a
software simulator, and
supporting tools, primarily

Search or jump to...



St arl | N Advancing The Readiness Of Various Technologies For Cooperative Groups
g Of Spacecraft — Also Known As Distributed Missions, Clusters, Or Swarms
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emis | — Back to the Moon

>
Nasa A\
Q Y RTEMIS
. . . MISSION DURATIONS:

Total: 26-42 days
CUBESATS DEPLOY Outbound Transit: 8-14 days
ICPS deploys 10 “ DRO Stay: 6-19 days
CubeSats total - Return Transit: 9-19 days

ARTEMIS |

The First Uncrewed Integrated Flight Test of NASA’s
Orion Spacecraft and Space Launch System Rocket
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Launch Pad 39B, KSC P&~ &t A
(August 29, 2022) ; : B tl «




Lunar Reconnaissance -
Orbiter: Continued
surface and landing

site investigation

mmig lFirst Artemis Il: First humans eway | ~ Artemis lll-V: Deep space crew missions;
1an spacecraft to orbit the Moonand . with'Taunch of Power and Propulsion cislunar buildup and initial crew
“U tothe Mooninthe  rendezvous in deep space Element and Habitation and - demonstration landing with Human
21stcentury , ;n the 21st century Logistics Outpost * -+ . Landing System

Science and technology payloads delive, d |
Commercial Lunar Payload Services providers
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Volatiles Investigating Polar Exploration F
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Eng‘ineers test the VIPER rover's wheel
movement and rotationin a clean room at JSC.
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Systems & Execution
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Waypoints ~5 m

Astrobotic
Lander

Science
Station-1

Traverse Points ~ 50 m

Nobile Crater Area, g F
Moon South Pole == .
— Low Ilght - -
Area of Drill Opportunity angle at poles

Mission Planning And Operation .
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VIPER’s AI assistant

BY KEITH BUTTON | JUNE 2024

If NASA’s VIPER rover safely arrives at the lunar
south pole next year as planned, the race will be on
to find water and hydrogen ice before the moon’s
winter stops the rover in its tracks. Pausing to
debate each leg of its journey would be a terrible
waste of time, so operators have turned to artificial
intelligence. Keith Button has the story.
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ARTEMIS II

Prox Ops
Demonstration

ICPS Earth
disposal

First Crewed Test Flight to the Moon Since Apollo

@ LauncH
Astronauts
lift off from pad
39B at Kennedy
Space Center.

@ JETTISON
SOLID ROCKET
BOOSTERS,
FAIRINGS, AND
LAUNCH ABORT
SYSTEM

@ CORE STAGE MAIN
ENGINE CUT OFF
With separation.

PERIGEE RAISE
MANEUVER

APOGEE RAISE BURN
TO HIGH EARTH ORBIT
Begin 23.5 hour
checkout of spacecraft.

ORION SEPARATION
FROM INTERIM
CRYOGENIC
PROPULSION STAGE
(ICPS) FOLLOWED BY
PROX OPS DEMO
Plus manual handling
qualities assessment
for up to 2 hours.

@ ORION UPPER STAGE @ OUTBOUND TRANSIT

SEPARATION (USS) BURN TO MOON
Begins high Earth orbit Outbound Trajectory
checkout. Life support, Correction (OTC) burns as

, and y for Lunar free
equipment evaluations. return trajectory; travel

. PERIGEE RAISE BURN
@ LUNARFLYBY

@ TRANS-LUNAR 6,479 miles / 10,427 km
INJECTION (TLI) BY (mean) lunar farside
ORION’S MAIN ENGINE altitude.
Lunar free return trajectory
initiated with European
service module.

time approximately 4 days. ®

@ TRANS-EARTH
RETURN
Return Trajectory Correction
(RTC) burns as necessary
to aim for Earth’s atmosphere;
travel time approximately 4 days.

CREW MODULE
SEPARATION FROM
SERVICE MODULE

ENTRY INTERFACE (El)
Enter Earth’s atmosphere.

@® SPLASHDOWN
Ship recovers astronauts
and capsule.

AN

Further Simulations in preparation for
Artemis Il, NASA Ames Research Center
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Trans-Lunar
Injection (TLI)
is a propulsive
maneuver used to
set a spacecraft on
a trajectory that
will cause it to
arrive at the Moon.
A spacecraft
performs TLI to
begin a lunar
transfer from a low
circular parking
orbit around Earth.

Artemis

The numbers
depicted here
indicate the mass
capability at the
Trans-Lunar
Injection point.

** Not including Orion/Service
Module volume

SLS Block 1 Crev
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Artemi Artemis |
IV -V & beyon

SLS Block 1B Crew SLS Block 2 Crew
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Dragontly — Mission to Titan

; Appr "
Landlng Elllpse for *

Dragonfly

.

Arc Jet Tests
NASA Ames Research Center




NASA Ames Development Plan Today o

 To advance NASA'’s overall mission

Helping NASA expedite its return to the Moon & the
exploration of Mars

Helping NASA meet programmatic objectives
Providing positive financial returns

Keeping the Ames property useful to NASA goals
Helping NASA expand its base of support

NASA Ames Campus, 406 Acres
« Eastside Airfield

Planetary Ventures, 1,000 Acres
California ANG (CAANG), 111 Acres

* NASA Research Park

Shenandoah Plaza Historic District, 64 Acres
University of California, 36 Acres
® Mountain View Housing Ventures, 46 Acres

Bay View — Planetary Ventures R&D, 42 Acres

21



NASA Research Park
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Berkeley Space Center & iiorimes.,

Berkeley

College of Computing,
Data Science, and Society

STUDENT AND
FACULTY UNITS

100

SHORT TERM
STAY UNITS

UNCTIONAL o o : 550
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Questions?

.

Eugene.L.Tu@nasa.gov




