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

Current Future

?
To be discussed in 

this workshop



Why do we explore space?

Because we know so little about it

Implications:
• For science: many discoveries waiting to be discovered

Dr. Morgan Cable (JPL)
Unsolved Mysteries in the Outer Solar System



Alien life?

Death Star
(D = 160 km)

(D = 513 km)
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Why do we explore space?

Because we know so little about it

Implications:
• For science: many discoveries waiting to be discovered
• For engineering: many surprises waiting to be encountered



Bad things happen in space

Surprisingly pointy rocks
(Damages on wheels)

Curiosity

Surprisingly rocky surface
(Forced to change navigation approach)

OSIRIS-REx

Surprisingly soft rock
(Sample crumbled to powder) 

Perseverance
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flyby

1

Atmospheric 5 1 1 Dragonfly

Surface 10 >10 2 2 10 1
*impactor
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Mars Life 
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return
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Visited >10 
times

7



Visited
(at least once)

Future 
mission exists

Likely a future 
mission

No plan yet

M
er

cu
ry

Ve
nu

s

M
oo

n

N
EO

 (n
ea

r e
ar

th
 

ob
je

ct
s)

S
ho

rt
-p

er
io

d
 

co
m

et
s 

M
ar

s

M
ai

n 
be

lt
 a

st
er

oi
ds Jovian 

system
Saturnian 
system

U
ra

nu
s

Neptunian 
system

C
en

ta
ur

s,
 K

B
O

s 

Lo
n

g-
te

rm
 c

om
et

s,
 

in
te

rs
te

ll
ar

 o
b

je
ct

s

Ju
pi

te
r

Eu
ro

pa

Sa
tu

rn

Ti
ta

n

En
ce

la
du

s

N
ep

tu
ne

Tr
ito

n

Outstanding 
challenges 
for robotic 
exploration

La
rg

e 
de

lta
 V

 to
 s

ur
fa

ce
; 

ex
tr

em
e 

te
m

pe
ra

tu
re

s

Ex
tr

em
e 

te
m

pe
ra

tu
re

 
(4

65
C

) a
nd

 p
re

ss
ur

e 
(9

2 
at

m
) a

t s
ur

fa
ce

Ex
tr

em
e 

te
m

pe
ra

tu
re

; 
ab

ra
si

ve
 re

go
lit

h;
 

su
bs

ur
fa

ce
 a

cc
es

s

M
ic

ro
gr

av
ity

; u
nk

no
w

n 
su

rf
ac

e 
pr

op
er

ty

M
ic

ro
gr

av
ity

; u
nk

no
w

n 
su

rf
ac

e 
pr

op
er

ty

M
or

e 
di

ff
ic

ul
t s

ur
fa

ce
s 

(R
SL

s,
 v

ol
ca

ni
c 

te
rr

an
is

) 
Su

bs
ur

fa
ce

 a
cc

es
s

R
el

at
iv

el
y 

la
rg

e 
de

lta
 V

; 
m

ic
ro

gr
av

ity
; u

nk
no

w
n 

su
rf

ac
e 

pr
op

er
ty

Ex
tre

m
e 

te
m

pe
ra

tu
re

, 
pr

es
su

re
, a

nd
 w

in
d 

sp
ee

d 
in

 th
e 

de
ep

er
 a

tm
os

ph
er

e

R
ad

ia
tio

n 
on

 th
e 

su
rf

ac
e;

 
ac

ce
ss

 to
 s

ub
su

rfa
ce

 
oc

ea
n 

Ex
tre

m
e 

te
m

pe
ra

tu
re

, 
pr

es
su

re
, a

nd
 w

in
d 

sp
ee

d 
in

 th
e 

de
ep

er
 a

tm
os

ph
er

e

Ex
pl

or
at

io
n 

of
 th

e 
m

et
ha

ne
 

la
ke

s;
 s

ub
su

rfa
ce

 o
ce

an
 

ac
ce

ss

Ac
ce

ss
 to

 s
ur

fa
ce

, v
en

t, 
an

d 
su

bs
ur

fa
ce

 o
ce

an

Ex
tre

m
e 

te
m

pe
ra

tu
re

, 
pr

es
su

re
, a

nd
 w

in
d 

sp
ee

d 
in

 th
e 

de
ep

er
 a

tm
os

ph
er

e

Ex
tre

m
e 

te
m

pe
ra

tu
re

, 
pr

es
su

re
, a

nd
 w

in
d 

sp
ee

d 
in

 th
e 

de
ep

er
 a

tm
os

ph
er

e

Ve
ry

 h
ig

h 
de

lt
a-

V 
fo

r 
la

nd
in

g;
 s

ur
fa

ce
 a

nd
 

su
bs

ur
fa

ce
 a

cc
es

s

Ex
tr

em
el

y 
hi

gh
 d

el
ta

-V
 fo

r 
re

nd
ez

vo
us

; e
xt

re
m

el
y 

lo
ng

 c
ru

is
e 

tim
e

Ve
ry

 s
ho

rt
 ti

m
e 

fr
om

 
di

sc
ov

er
y 

to
 fl

yb
y (

m
on

th
s)

; 
ex

tr
em

el
y 

hi
gh

 d
el

ta
-V

Flyby 2 >10 >10 >10 >10 >10 5 7 6 4 3 3 1 1 1 2

Orbit 1 8 >10 1 1 >10 2 2 *Multi-
flyby

1

Atmospheric 5 1 1 Dragonfly

Surface 10 >10 2 2 10 1
*impactor

1

Subsurface VIPER 
(cancelled)

Mars Life 
Explorer

Sample 
return

8 3

Visited >10 
times

How to enable these 
missions?

8



1960s

RSE 1.0

A fundamental paradigm change in robotic space exploration (RSE) is needed

Current

RSE 2.0
Future

RSE 3.0

Moon Mars Beyond

Trial and error Incremental sophistication Adaptive one-shot exploration

9



RSE 1.0
The Moon (1958 – 1968)



RSE 1.0: Trial-and-error



RSE 2.0
Mars (1992 – Now)



RSE 2.0: Incremental sophistication through a 

series of missions



Robotic exploration 2.0
Incremental sophistication through a series of missions

Environmental uncertainty



Orbiter

Environmental uncertainty

Task complexity



Simple robotic mission

Task complexity

Environmental uncertainty



Simple robotic mission

Environmental uncertainty

Task complexity



Complex robotic mission

Environmental uncertainty

Task complexity



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

19



Environmental uncertainty

RSE 3.0
One-shot exploration with adaptive space system 



Land and observe

Environmental uncertainty

Task complexity



Adapt and perform simple tasks

Task complexity

Environmental uncertainty



Adapt Complex robotic tasks

Environmental uncertainty

Task complexity



RSE 2.0 System: Pandas

• Only eat bamboo
• Only live in bamboo forest at elevations of 2,400 to 

3,000 m
• But not many bamboo species can grow at high elevations



RSE 3.0 System: Rats

• Can digest almost anything
• Can live almost anywhere
• Can even adapt to urban environments 

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



Technologies for RSE 3.0

Prof. Yisong Yue (Caltech)
Adaptive Robotics Technologies 2: Intelligence

Prof. Maria Sakovsky (Stanford)
Adaptive Robotics Technologies 1: Hardware

Mind

Body

How to enable a highly adaptive robotic systems?



How to design a highly adaptive space system?

Space Systems Engineering

Can we use existing systems engineering approaches for RSE 3.0? 

Commercial communication satellites Planetary missions



Commercial satellites := Business Trips

You know exactly what you will use 
them for



Planetary missions := Backpack Trips

• Don’t know what you will use them for
• But you bring them anyway because 

they often come in handy in many 
unexpected ways



How to design RSE 3.0 missions?

Space Systems Engineering

Prof. Alejandro Salado (Univ. of Arizona)
Systems Engineering Challenges for Designing Adaptive 
One-Shot Missions



Short Course Lineups

Dr. Morgan Cable (JPL)
Unsolved Mysteries in the Outer Solar System

Prof. Alejandro Salado (Univ. of Arizona)
Systems Engineering Challenges for Designing Adaptive 
One-Shot Missions

Prof. Maria Sakovsky (Stanford)
Adaptive Robotics Technologies 1: Hardware

Prof. Yisong Yue (Caltech)
Adaptive Robotics Technologies 2: Intelligence

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