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NASA develops and matures prototype systems, subsystems, and component
technologies in advance of key agency decision points

* Target TRL 5-6 prior to program infusion

Supports all potential missions in capability driven framework

Infusing robotics and autonomous systems technology into space missions by
leveraging national and international efforts that build upon:

 Commercial partnerships

* Space Act Agreements

* Other government agencies (NSF, NIH,USDA, DARPA, NRL, VA, etc.)
e SBIR/STTR

* University Research

* National Robotics Initiative

Work with human exploration architecture communities to address key technical
challenges in support of a variety of design reference missions (ISS and beyond)

Work with the science mission directorate on roadmaps and once a decade
surveys (Spirit, Curiosity and beyond)
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Sensing and Perception Challenges (Tele-robot ics)




STATUS QUO

NEW INSIGHTS

* Simplified Aid For EVA Rescue
(SAFER) - single fault tolerant,
for emergencies only

* Mars rovers Opportunities,
Spirit & Curiosity - limited
range, limited mobility:
canyons, crates, volcanoes,
volcanic tubes and cliffs
inaccessible

* Apollo Lunar Roving Vehicle
(LRV) - limited range, EVA
exploration

Increase in specific power &
density of batteries is enabling
mobility

Software and computing allow for
multiple layers of redundancy
and safety for robots to be
trusted

* New sensors and algorithms are
providing robust and safe
operation in complex worlds
Precursor robots that arrive
ahead of crew enable new
missions

Unique approach of teaming
main robot with small flyer or
payload launcher with ballistic
probes

Humans are more productive through use of robots and human-robo &l._) option from 2 to 3 with EVA
teaming. Robotic systems need advancements to gain trust as < iot k
valuable members of the team. Systems for crew and cargo mobility o Jetpac
lack the range and mobility (TA4.2) to explore beyond flat terrain near g * Increase number of Centaur 2
their landing site. * Astronauts lack a reliable means of
transportation during EVAs (TA7.3.1) for future in-space missions, and g base payl_oads by >2
are limited to crawling on truss or riding robotic arm for EVA on ISS. = ° Add sensing and software to
E increase mean time between
AREAS OF EMPHASIS: =  user intervention when driving
( - <Zf. to > 1km
. Currenjc moblllty developmental S+ Vastly extend exploration
portfolio includes: O range with flyers and ballistic
— 1st gen prototype of next generation probe launcher
EVA jetpack
— Supply test articles for ISRU and
Desert RATS field tests o
— Development of novel robotic teams e \.
that combine wheeled and ballistic/ ,"ﬁ
flying mobility / g * Add new NASA crew and
— Systems that enable testing of crew O  robotic mobility capabilities
and robotic in simulated reduced = .
. . . < « Mature mobility systems,
gravity (micro gravity, Mars and Lunar) ()
. . = subsystems and components
— Develop approaches for dealing with < to TRL 5-6 prior to infusion
autonomous planetary surface o P
navigation over distances greater than E * Ready for Key Decision Points
1 km with limited/no communications on orbital, asteroid and
— Develop approaches and demonstrate planetary missions
rover extraction from very soft soil
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STATUS QUO

NEW INSIGHTS

Robonaut 2:

PROBLEM / NEED BEING ADDRESSED

IVA robot on ISS
SPDM/SSRMS:

EVA robots on ISS

Mars assets:
Opportunity, Spirit,
Phoenix & Curiosity:
Sampling arms
Commercial:

Heavy Equipment (CAT,
Deere, Oshkosh, etc),
Robot ic assembly (non-

us)

* To be a valuable member of
the team, robots must be
capable, safe and trusted
— Software and computing
allow for multiple layers of
redundancy and safety

—New sensors and
algorithms are providing
robust and safe operation
in complex worlds

* LCROSS mission provided
evidence for significant
amounts of cold trapped
volatiles near the Moon’s
south pole

Humans are more productive through the use of robots
and human-robot teaming. NASA missions require
advanced manipulation capabilities to of f load cargo
and assist crew (TA4.1, 4.3) and to find and acquire in-
situ resources (TA7.1)

AREAS OF EMPHASIS:

Current manipulation
developmental portfolio includes:
—Develop grappling and dexterous
arms for the Multi-mission Space
Exploration Vehicles (MMSEV)
—Development of long reach
manipulators
—Asteroid anchoring tools
—Excavation tools, buckets,

booms, approaches, trenching
tools

QUANTITATIVE IMPACT

TECHNICAL GOALS

* Increase number of arms on
second generat ion MMSEV
to greater than 2

* Increase range of “asteroid”
surface properties that may
be anchored to by 50%

* Decrease operators required
for excavation with Centaur
2 by 1.

* Provide capabilities to NASA
that don’t currently exist

~

* Add new crew and robotic
mobility capabilities to NASA

* mature handling systems,
subsystems and components
to TRL 5-6 prior infusion

* Be ready for Key Decision
Point on orbital, asteroid and
planetary missions

* Evaluate ideas being debated
by architecture communities



STATUS QUO

NEW INSIGHTS

SPDM/SSRMS ground
control/IV control: slow
paced

Roving on Mars: plans
uploaded daily (every Sol)
Factory automation:/ack
of general tasks

DARPA challenges:
automated control over
mostly even terrain
Video gaming engines:
lots of potential

* To be a valuable member of
the team, robots must be
capable, safe and trusted
— Software and computing allow

for multiple layers of
redundancy and safety for
robots to be trusted

* Increwed and precursor
missions, robotic systems will
need to have autonomous,
supervised and teleoperated
control modes.

- Many missions will allow for
interactive, but not real-t ime control
allowing to get more work done in a
show period

PROBLEM / NEED BEING ADDRESSED

Humans are more productive through the use of

robots and human-robot teaming. NASA missions

require the ability to control and operate robotic

systems from ground, teleoperated and shoulder-to-
houlder with crew advanced (TA4.4, TA4.5)

AREAS OF EMPHASIS:

* Current human systems interaction
developmental portfolio includes:

— Develop hands-free interface to EVA
jetpacks

— Controlling Centaur 2 base remotely
during In-situ resource utilization (ISRU)
field testing

— Providing ground data systems to
present, share and archive science and
mission data

— Develop ground data tools for high
tempo operations such as volatile
prospecting in permanently shadowed
regions

— Develop software infrastructure for
controlling Space robotic systems.
Engage standards community to move
toward Intl standards for robot control

— Develop natural interfaces and intent
recognition for teleoperation

|

TECHNICAL GOALS

QUANTITATIVE IMPACT

* Reduce hands needed to fly

EVA jetpack to zero

* Provide ground data systems for

1 or more NASA analog

* Remotely drive Centaur 2 base

greater than 1 km with minimal
comm

* Progress HRS robot command/

control software towards
international standard

* Provide capabilities to NASA that

don’t currently exist

* Add new crew and robotic
mobility capabilities to NASA

* Mature handling systems,
subsystems and components
to TRL 5-6 prior to infusion

* Be ready for Key Decision
Points on orbital, asteroid and
planetary missions

* Evaluate ideas being debated
by architecture communities



STATUS QUO

NEW INSIGHTS

e Current State of the Art:

* Spacecraft habitat automation an
‘all or nothing’ proposition
(whether commanded from
ground or via vehicle system)

* Today'’s spacecraft habitat
commanded by people soley
from ground

* 300k commands sent to ISS per
year

* |ISS onboard systems ill suited to
automation by crew, which will
be required for future manned
missions far from Earth

>

* Deep Space Habitats will be
constrained by light-time delays in
communications, requiring on-board
automation.

Spacecraft habitat will be designed
to allow crew to automate vehicle
function as they require or desire,
reducing dependence on ground.
Advanced fault management
techniques integrated with crew
autonomy will increase vehicle
safety.

Integrated Autonomy and ISHM
capabilities enable new modes of
operation for crewed spaceflight.

Crewed mission beyond LEO will
require integrated onboard autonomy
and robust onboard capability.

~

/" AREA OF EMPHASIS:

* Develop software to allow human spacef light
oprations to be automated to any degree
desired by crews.

* Integrate several technologies on a similar
development path to demonstrate procedure and
command generation, model verification, fault
detection, and automation.

* Demonstrate crew autonomy in a sequence of
relevent environments, from high-fidelity

testbeds through a spacef light demo.

* Automation will be demonstrated in ISS Flight

Control Room (FCR), Space Station Training
Facility, and finally evaluated by crew onboard
ISS.

* Activity includes system modeling, model
verification, adaptation of diagnostics to the
system models, procedure automation, and
dynamically reconfigurable autonomous
operation and recovery.

* Provide to ISS an ability to automate vehicle
functions

N

QUANTITATIVE IMPACT

TECHNICAL GOALS

Reduced dependence on Ground for
distant crewed missions.

Increased crew flexibility, efficiency
and safety

Authority of tasks shared between
vehicle and small crew

Demonstration of on-board fault
management capability working with
goal-directed autonomy

~

Critical Technologies @ TRL 5-6

Proof-of-concept in spaceflight
environment

Crew-adjustable autonomy
Diagnostic models
Integrated system
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http.//robotics.nasa.gov/ :

http://www.nsf.gov/pubs/2011/nsf11553/nsf11553.htm

http://robonaut.jsc.nasa.gov/default.asp '
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* Robotics and autonomy are key drivers for BLEO exploration
* No crew for extended periods of time, or precursors
* Maximize crew time for unique science operations
* Pre-placement of hardware and maintenance of systems
* Technical challenges exists in sensing and perception, mobility,
manipulation, human systems interaction, radiation, extreme environments,
and terrain
* NASA making steady progress utilizing nationwide robotics and autonomous
systems efforts to achieve TRL 5-6 prior to Program infusion
* Leverage industry, academia, and other government agencies
* Mars and ISS operational environments utilized today as pathfinder for
future human robotics and autonomy
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