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One-slide summary of everything in this workshop:
Robotic Space Exploration (RSE) 2.0 RSE 3.0

Current Future
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" Unsolved Mysteries in the Outer Solar System
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Why do we explore space?

Because we know so little about it

Implications:
* Forscience: many discoveries waiting to be discovered
* Forengineering: many surprises waiting to be encountered
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A fundamental paradigm change in robotic space exploration (RSE) is needed

1960s Current Future

RSE 1.0 RSE 2.0 RSE 3.0

Trial and error Incremental sophistication Adaptive one-shot exploration




RSE10

~ The Moon (1958 — 1968) .
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RSE 1.0: Trial-and-error

®—failure
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RSE 2.0: Incremental sophistication through a

series of missions
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Robotic exploration 2.0

Incremental sophistication through a series of missions

Environmental uncertainty



Environmental uncertainty

Task complexity
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Why does RSE 2.0 not work for Outer Solar System?

Long cruise time to outer solar system (often >10
yrs)

Orbital reconnaissance of subsurface
environment is not possible

Multitude of worlds to explore
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Land and observe




Adapt and perform simple task




Adapt Complex robotic tasks




RSE 2.0 System: Pandas

* Only eat bamboo
* Onlylive in bamboo forest at elevations of 2,400 to
3,000 m

 Butnot many bamboo species can grow at high elevations




@' RSE 3.0 System: Rats
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 Candigest almost anything
* Can live almost anywhere
* Can even adapt to urban environments

.. Prof. Shane Cambell-Staton (Princeton)
‘. ‘ System Biological Insights into Space Systems Design

IN THE CITY "



Technologies for RSE 3.0

How to enable a highly adaptive robotic systems?

Mind

Prof. Yisong Yue (Caltech)

Adaptive Robotics Technologies 2: Intelligence

Prof. Maria Sakovsky (Stanford)

Adaptive Robotics Technologies 1: Hardware




How to design a highly adaptive space system?

Can we use existing systems engineering approaches for RSE 3.07

Space Systems Engineering

Test Level 5 and 6
s System Validation
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Commercial communication satellites Planetary missions



You know exactly what you will use
them for
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Planetary missions := Backpack Trips

 Don’tknow what you will use them for

* Butyou bring them anyway because
they often come in handy in many
unexpected ways




How to design RSE 3.0 missions?

Space Systems Engineering

Test Level S and 6
System Validation

On-site Install & Test
()
;i

Prof. Alejandro Salado (Univ. of Arizona)

Systems Engineering Challenges for Designing Adaptive
One-Shot Missions



@ Short Course Lineups

Dr. Morgan Cable (JPL)

9:10 Unsolved Mysteries in the Outer Solar System
Prof. Alejandro Salado (Univ. of Arizona)
9:45 Systems Engineering Challenges for Designing Adaptive
One-Shot Missions
10-50 Prof. Maria Sakovsky (Stanford)
) Adaptive Robotics Technologies 1: Hardware
11:95 Prof. Yisong Yue (Caltech)
) Adaptive Robotics Technologies 2: Intelligence
12:00 . Prof. Shane Cambell-Staton (Princeton)

System Biological Insights into Space Systems Design
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