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@ Compelling Reasons To Explore Mars

 Many of the key questions in solar system science can be addressed
effectively at Mars:

— Solar system history
— Planetary evolution
— Potential for life

« Mars provides the opportunity to approach, and possibly answer,
origin and evolution of life questions

— Clear potential for past and possibly present biological activity

« Mars has a well-preserved record of its climate and geologic
evolution exposed at the surface

— A comparable record of ancient planetary processes, including
those possibly leading to the origin of life, exists on no other
terrestrial planet, including Earth

« Mars is the most accessible place in the solar system where these
highest-priority science questions can be addressed

SOURCE: NRC Planetary Decadal Survey (2011)
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WHAT HAVE WE LEARNED?

1. Martian science
2. How to operate on Mars
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Source: NRC Planetary Decadal Survey (2011)
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@ 2. Mars was once wet and warm

Proposed Chemical Environments
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3. By analogy with Earth, some ancient
martian environments were likely habitable
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The oldest convincing evidence
of life on Earth (from Allwood et
al. 2006 2009)







= Some Lessons Learned:
i 1. Mobility is good

Most of our landing ellipses for MER look like this:

= Meridiani




= Some Lessons Learned:
A key to scientific exploration is mobility

‘ _.;Q'B'onnewlle Crater
Landing ‘ |
Site

. 8
sol 125 : e aed 2
izt |
. i o J
: | .:f: K
'  , : | 250 L 40 I l
» e il 'gol 350 .7 sol 500 o
| t sol 450 !
. ¥
- ‘
b
I =




RS CeS T o Platotere. Aol

A e, -y
[

v sy
) 1# # ~ 4 .t - , l-:a
moc #ﬂﬂﬂﬂ 512-00085 ~ , i N2 . NASA/JPL/Comel/MSSS/USGS/ New Mexico Museum of Mﬂ%ﬁ




Some Lessons Learned :
2. Longevity is good

« Spirit's most significant discovery was made 1200 sols into its 90-sol
mission:
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(S® Some Lessons Learned :
3. Steep terrain can be of critical importance

It pays to invest in the hardware, software, and testing
necessary to handle steep terrain.

— don't just think about range and obstacle avoidance, also consider
climbing and descending.
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. Some Lessons Learned :
4. High-Resolution orbital imagery is critical
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Three primary human-related science
investigation strategies are recognized.

Field
Science
On-Mars
laboratory
Investigations
(and their

connection to
sample return)

, Investigations
requiring
complex in situ
instrumentation
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Pre-decisional — for planning and discussion purposes only
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The search for life is our top o '
scientific goal: We would like to use ﬂ,
our most capable mission (a human &
Mars mission) to pursue it.
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HOWEVER,

In order to safely land a human
mission on Mars (and return the
crew to Earth), we will have to know
in advance that the risk due to
biohazards is acceptable.

Pre-decisional — for planning and discussion purposes only 17



@ ‘Solving the paradox

The existence or absence of (extant) life at the landing

site would have to be established by robotic means
before a human landing.

— This needs to constitute a primary objective of the pre-
human robotic program.

— MSR would be critically important

The first human mission would
naturally lend itself to investigations
of extinct life, or characterization of life
previously discovered by in-situ
missions

— Biologically safe

— Sufficient scientific importance

Pre-decisional — for planning and discussion purposes only 18






Backup



Assuming a program of three crewed
missions
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= Why Humans?

Unique attributes human explorers could
bring to bear in comparison to robotic
explorers:
Cognition
— Rapidly recognize and respond to
unexpected findings; sophisticated, rapid

pattern recognition (e.g. structural/
morphological biosignatures).

Dexterity

— Humans are capable of fine-scale, non-
repetitive manipulations. Valuable in
sampling heterogeneous rocks/outcrops.

Adaptability
— Humans are able to react in real time to
new and unexpected situations, problems,
hazards and risks.
Efficiency

— Robotic manipulation requires several sols
to accomplish what humans could do in a
matter of minutes.

Pre-decisional — for planning and discussion purposes only
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